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ABSTRACT

Gravity measurements carried out in the Middle Niger Basin area  show
that the area is characterised by negative Bouguer anomalies ranging in
value from -67 mgal to +15 mgal. The free-air anomalies are distributed
about a mean value of approximately +5 mgal. which suggests that the area
is approximately compensated. A regional anomaly ranging in value from
about -20 mgal in the sourthern parts of the area to about -20 mgal in the
northern parts of the area is correlated with a gradual thickening of the
crust from the South to the North. Maor negative residual anomalies centred
on the basin are explained by the presence of thick Cretaceous sedimentary
rocks in the area. Positive residual anomalies also occur over parts of the
basin and these are attributed to a high-density metamorphic basement, and

to masses which are probably of scirest composition.

From two dimensional modelling based on gravity profiles it is estimated
that the maximum possible thickness of the 6retaceous sediments is generally
of the order of 2km, and is nowhere considered to exceed 2.7 km.

The gravity pattern at the boundaries of the basin indicates that the
contacts at the edges of the basin are probably not faulted. The basin

Is therefore thought to be an area of local subsidence.
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CHAPTER I

INTRODUCTION

1¢1 General Introduction

The area covered by the gravity survey described in thias
thegls is located in the central region of the western half of
Mgeria (Map 1). It lies between latitude 7°30'N and 11°30'Y
and between longitude 3°40'E and 8°00'E and covers approximately
an area of 180,000 kn?, of parts of the North-Western, North-
Central, Kwara, and Western States,

Two distinet rock tyves are located within the surveyed
region, They are the rocks of the Basement Complex, and tle
sedimentary sandstones of the liddle Niger Basin also known
as the Nupe Basin, The Nupe Sandstonea are Cretaceous rocks
which show occasional gentle folding ond are underlain by the
Pre=Cambrian to Upper Cambrian Basement Complex consisting
mainly of Older Granites, migmatites, and various gneisses,

Over lying these are the Younger Metasediments consisting
of various low=grade schists, aquertzites, phyllites and arphi-
bolitea.

The region was notable during the first half of this century
for its major contribution in gold production, but this has ghown
deelire in recent years, The primary aim of this survey is there-
fore of a structural rather than economic interest. It was hoped
that from this survey, the maximum thickness of the sedimentary

strata of the Middle Miger Baain would be determined and that it
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would be possible to find out the general geometry of the basin,
It was also hoped that the survey would throw scme light on the
origin of the basin and provide o base retwork for the Middle
Niger Bagin Area which would serve as a bagis for a more de-
tailed gravity study and subsenuently other geophysical studies
in the area.

The field work was done during a five-week period _Ji_ !_n_Ia_rg_h_
and April, 1972, a five=day period in Jume, 1972 devoted mainly
;:o the collection of rock samples, and a three-week period in
January 1973, Hpphasis was placed on establishing as many
gravity stationa as the road network would permit., In all,

720 stations were esgtablished, ‘recuently at 1 to 4 km, inter-
vals, The region 1is covered by a network of tarred and dry-
geagon roads and all stations were established along the# roads.

The results obtained show that the grevity method is not
completely adequate to deal with the problems encountered during
the course of this survey, It is therefore considered that the
results of other geophysiczl methods egpecially the seiamic

method would be valuable for the - interpretation of the

data collected.

Previous Geophysical Work in the Area

Very 1little previoug geophysical work has been done in the
whole of Nigeria in general, »nd in this area in perticular,

A few results have however been published for work dome in the



basement areas north and south of the Nupe Basin, but none for
the basin itself,

To the north of the basin, an aeromagnetic survey for mineral
deposits in the northwest ol Nigeria was carried out by the
United Nations during the period from December, 1964 to March,
1967, The arcas north of 10945'1" of the squared portion of
Map.1 were included in the Survey, The prr;,ject inecluded
aeromagnetic, sero-electromagnetic, electrical and magnetic(qfound}
methods. The general conclusion drawn from the survey was
that po important primary deposits of precious or base metals
were to be found within the arens and no further major programmes
of mineral exploration in the ares would be justified on the
basgls of the project resulta,

South of the basin, a resistivity survey was carried out
by Cole, in 1958 for water supplies in the Ihima district, near
Okene in Kabba Province, Resistivity depth probes were made at
seventeen sites with one self-potential traverse, The results
showed that the bedrock in most of this dMstriet was too shallow

for water yields in the veathered material to be very good.



CHAPTER 1T

FIELD PROCEDURES AND CORRECTIONS

2.1 Field Work

The gravity survey was carried out durin: three periods in
March and April 1972, June 1972, and January 1973 on ihe principal
roads and tracks in the area, In ell, nine wees were gpent
collecting data including a week in June devoted mainly to collect-
ing rock samples,

The instrument used was a ¥Yorden gravimeter, No,i35 with a
scale constant of 0,08829 mgals/division, The instrument vas
carried by Landrover over roads and tracks, twice by a motorised
ferry and once in a canoe when base stations across the R, Niger
had to be linked at Rofia, Jamata and Pategl respectively, OStations
were established at 1-ikn. intervals except between brse station
9511 and 9581 where the observed gravity gradient pernitted axm
8 k., interval.

Prior to the field work, the instrument drift was observed
for five days inside a room in the Physies Department Building.
The readings showed alightly erratic drifts so the instrument
levels were readjusted and the instrument observed for e further
five days (See Fig.1)., The maximum mean drift was 0,37 mgals in
ten hours with a maximum of 0,26 mgal/hour, The larcest total
drift observed on the field was 0,62 mgals over 3.25 hours. In
view of this low value, it was felt Justifiable to allow as much

as four hours to elapse between the reoccupation of & basze station






whenever this became unavoidable, However, most loops were
completed in less than three hours., The instrument constant
was roughly checked by taking readings on the ground, first and
second floors of the Physics Department Building, The check shoved
that the constant could be in error byas nuch as .002 mgal,

About one-half of the total mumber of staticns were
eatablished on benchnarks whose heights were supplied by the
Survey Division of' the Federal Ministry of vorks and Swrveys.
The other stations were egtablished wherever possible at mileposts
and at road junctions, The heights of the latter stations were
determined by means of three Jallace and Tiernan altimeters, One
altimeter was placed at a benclmaric of known height and the reading
taken every five minutes, while the other altimeters were transported
to the stations whose heights were reruired and their readings tuken.
Wet and dry buldb thermometer readings were taken at each point to

correct the altirmeter readings .fF humidity and air temperature,

2,2 The Bage Station Network

The base station network is shown in Fig.2, and their
principal parsmeters ore given in Appendix I, They were established
by the technique of "looping" usually in the form ABABCBCACA
(Nettleton, 1940). They were intercommected to form 8 cloged
loops. /A minth loop which would have included bases 9535 and
93541 could not be completed because of lack of adequate roads,

Pron the closure errors around these loops, it was possible
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to eatimate the accuracy of the observations, For each leg of the
network, a value of the unadjusted AR was obtained and corrected
for the combined effect of diurnal change and ingtrument drift by
assuing s lirear change between repcat readings at base stations.
The ndjusted AR's were multiplied by the scule constant of the

gravineter 0,08829 mgal/division to obtain the values of Ag in mgal.

2.3 Adopted Bage Value and Ties to other Surveys

All the observed gravity values in this survey are relative
to the value 978074.39 mgals ot a standard bench mark in Keffi.
This Figure was obtained from a tie by D, B, AjJakaiye(1970) to the
Benue Valley Survey by Cratehley and Jones (1965). The network
for that Survey was in turn connveted to the C.R.8.T.0.M, base
at Lagos via a Shell-BP network, anl also ticd to the 0,R.S8,T.0.05,
base in Fort Lamy via s Chad Basin network established by the
British Overseas Geological Surveys in 1959. Another station at
the Kaduna/Jos Road junction esteblished by Ajakaiye (1970) wae
also reoccupied, Agreement was to within 1,12 mgal., The discrepancy
is probably due to the fact that the cxanct position of the base

station could not be located due to an new road construction in the aren.

2.4 Reduction of the Data

All the gravity data were reduced to Bouguer and Free-air
anomaly values at the Gravity Division of the Dominion Observatory,
Ottawa, Canada, using a computer-oriented system described by Tanner
and Buck (1964).



The drift owrves were plotted for the base stotions and the
relative differences in gravity (Ag) between two neighbouring
control stations were caleulated manually, These and the other
relevant parameters of the base stations were punched on cards
and together with detail station cards were then uged to ealeu-
late the Bouguer and Free-air snomalies,

The vertical gradient of gravity was assumed to be 0.3086
mgal/metre and the crustal density was assumed to be 2,67 gm/cc.
Bouguer anomalics were computed assuming the topography to have
the form of an infinite sheet having thickness equel to the height
of the gravity station above sea level.

The equations used to obtain the observed gravity values from
the gravimeter readings, the Free-air and Bouguer snomelies are:
(a) Temperature effect on Worden Instruments. /hen these instru-
ments are operated without a temperature-control unit Ule geale

consgtant vaxies with temperature as follows:

K = K{ml - 0.000072(75-1*)1‘:%{1 (1)

where K is the corrected scale factor, Kcal the instrusent constant
determined from the calibration line or tilt table, and T the
ingtrument temperature in degree Fahrenheit.

(b) Drift rate. For the computation of the drift rnte a linear
relationship with time is used, For precigse work the time interval

between readings nt control station is usually kept to less than
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three howra, (2)
(Ry=R,) = (84-85)
a = K
t2 - t1

where g is the drift rate, K and Rz, gy and Eo and t‘? and 1:2 are
respectively the rendings, gravity values and times of readings at the

first and second base stations.

(c) Obgerved gravity for detail stationg
ey =8+ K (r) ¢ ale,)) ()

where g, 1s the observed gravity value, Ry iz ihe reading, and tg

is the time of reading at the particular detail station.

(d) Theoretical gravity or latitude effegt., The reference spheroid
s o m———-&“i-“-l—- - - - p

used is the International ellipsoid of 1930 given by Lhe equation

vg = 978.049(1 + 0,0052884 sin®g - 0,000005 sin2s)  {(u)
where yi is the theoretieal value of gravity and & is che latitude

of the gtntion,

(e) PFree-ni? anomaly. This anomaly is computed by taking the
difference between the measured value (gs) at the topographic surface
and the theoretical value (yt) which is extrapolated from the
reference ellipsoid and correcting it for the verticnl decrease of
gravity with increase of elevation., The general expression is

given by the equation



depy = 6, = (Yt =% n)

where Agp, is the Free~air anomaly, dg/dz is the verticol gradient

of gravity and h is the gstation elevation above sen level,

(f) Bouguer Anomaly. The Bouguer anomaly is determined using the

equation

where pgy is the Douguer anomaly, p, is the assumed crustal density,
G is the universal constant of gravitation and 2nGp 1e the Bouguer
correction for the attraction of the material between a reference
(usually sea level) elevation and that of the individual station.
This material is approximated to an infinite horizontal slab of
thickness h and density p and the gravitational atitraction of such

a slab on a unit mass is 0,046191 p mgal per metre,

2,5 [Error in the Bouguer anomnlies

The Bouguer anomalies esontain several sources of errors, but
most of them are of very mall magnitude., The sources include errors
due to non-linear drift of the instrument, instrument and operator
precision, error in ealibration factor of the gravimeter and that
arising from uging a wrong dengity in the Bouguer reduction, Others
are errors from latitude correction arising from errors in determin-
ing station latitudes, errors due to the terrain effcct, -nd errors

in the determination of atation elevation,



13

The drift rate of the instruient was quite small as earlier
indiented, In all loops (Fig.2), the closure error was less than
0,10 ngals nnd the error in dial constant (Z8) was assumed to be
ingufficient to cause signifieant error of more than 1.6 mgal in
the obgerved values (a range of 80 mgnl,)., Although a crustal denasity
of 2,67 geon=3 is generally assumed ~nd wns uged in the Bouguer
reduction, dengity imvestigations in the area show a much higher
value (2.70 g.em™3) than this for the basement. Woollard (1969) and
Smithson (1971) have infact suzgested thet p = 2, 7 s.om-5 is n more
correet average crustal density. Over the c¢levation renge of this
survey which is 57 metres, = cumuletive error of 0.7 mgel is
obtained using a density uncertininty of 0,03 gu.cm"'j, for
p =2, g.cm"j ingtead of 2,67 ,:;.cm"j.

Host of the maps used were on a scale of 1: 50,000, and the
latitude of o given station could be determined to the nearcst 0.0
ninute with accuracy and precision., If the latitude correction were
determined to an accuracy of 0,7 mgal., in the latitude range covered
by the swvey, this would result in an error of less than 0.2 mgal,
in any particular station,

Errors due to innccurate gtation elevation are perhaps the
nost gigrificant in the survey. Elcvations of stations at Federnl

Survey bench marks are nccurate to better than 3 centimetres,



14

But elevations determined by altimeters could sometimes have
errors as nuch as 8 netres, Tl s would lead to an error of
about 1,5 1gal. over the elevation rrnge of 550 netres.

No terrain corrections have been applied to the data partiy
becauge not all the maps used were contoured and partly because
a few corrections made showed thot the terrain corrections were
sufficiently amall to be ingignificant. TFor instance the terrain
corrections caleoulated for station 9526 which was loeanted in an
area surrounded by hills, as high as 300 netres above the station
vas 0,2 mgal, One could therefore conclude that terrain corrections
in this area are not large and would not exceed 1 mgal., If the
naximum possible error was made in nll determinations at any cone
station, the naximun Bouguer anomoly error for that atation would
not exceed 5 mgal; and for a majority of the stationa established

on bench marks it would be less than 2 mgal,
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CHAPTER _II

-

{

THE GROLOGY OF THR MIDDLE NIGER BASIN AREA OF NIGERTA

dem .

3.1 Introduction

The geology deseribed here covers an area of approximately
187000 kmz. Included are the areas swrounding the kiddle Niger
Valley as far north as letitude 11°30'N and ag far south as
latitude 7°30'N (sec Map 1), The Nupe Basin, filled with Upper
Cretaceous rocks and bounded on all sides by crystalline basement
is contained within this area, Also included is a schist belt
which rung along the west-central part of Nigeria in an approxima-
tely north-south direction,

In the north, the country slopes gently south-westward
towards the Niger river and in the gouth, tho slope is north-east-
ward towards the river. Conspicuous because of their heights (up
to 300m.) are the igolated o» sometimes grouped inselbergs of
Older Grandte, while the schists generally form amooth low ranges.
Drainage in the mrea is by t'ie Miger, Kaduna, Chanchagga, Gurara,
and Oghun rivers and a host of other amall rivers.

The available geologicnl uap of the area is perhaps too genera-
lized, but adequate material has been obtained from both published
and unpublished reports to zive a fair ingight into the geology of
the area. For the purpose of thig study, the area has been divided
into three regions: the northern Basement Complex, the southern

Basement Complex, nnd the Nupe Basin, Map 2 is a geological
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sketch map of the aren,
Gereral Stratigraphy

The general strotigraphy of the arca has been described by
Ruga {(1957), and King& de Suardt (1949), and is summerised in
Table 1 and Teble 2. /th the ¢ xeeption of Recent, Tertiary and
other superficial deposits and of a amall nmuber of late dolerite
dykes, all rock types in the area belong to the Upper Cretacecus
and the Precaubrian,

The earlier periods of sedimentation and intrusion in the
Precambrian represents & complex and vast peried in the history
of the area. The majority of the original sediments nnd minor
intrusive rocks may have Deen subjected to several periods of
metamorphdam (Ruse, 1957)« ‘monz the Precambrian rock types
gneisses and migmatites predominate, CSediments which have not
been go greatly nltered inelude quortzites, quartz schists, and
quartz=sillimani te rocka, Orthogneisses, which intruled the
gneissic rocks, and were subsequently folded with them, =sre
recognised as a dstinct umdt (Russ,1957).

After the formation of the gneisses, there followed a period
of sedimentation during which predominantly fine-grained rocks were
deposited, probably in moderately deep water, During the episode
of compression which followed sedimentation, these beds were isocli-
nally folded and leorgely converted to schists., Later vrosion has
removed most of the schist and only the deepest parts of the synclineg

have been preserved (Russ, 1957). The streases nssceisted with this
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folding episcde gave rise to two sets of faults, ore with shatter
belts, trending northenorth~east and the other aligned in an east=-
southeeasterly direction (Russ, 1957)

After the folding of the sediments and the formation of the
schists, there followod n period of granitic intrusion, the Older
Granite cycle known throughout Nigeria, The numerous granites and
gneisses of this oycle very considersbly in their petrology and
chemical composition, but all belong 4o one intrusive cycle (Ruas,
1957), Within the gneissic complex south of the Nupe Basin, ancther
granite cycle, characterigtically composed of a medium-grained
bictite or biotit?-hornblende grarmite-gneiss, has bean recogrised
(Xing & d¢ Swardt,1949).There is a ¢lose interw-relationship between
oycles of granitisation and porioda of deformation, more cspecinlly
with compressionnl slip thrust faulting or shearing.

The swface on which the Nupe Sandstones werc laid down in
Upper Cretaceous times comprised many different rock types, often
of a medlwa to high-grede metamorphign., These rooks once lay deep
in the earth's crust and considerable erosion fook place before
the Upper Gretacecus beds were laid down {Russ, 1957). The Nupe
Sandstones, which congist of shallow wanter sandstones and pebble
beds, probably once were continuous with the Upper Cretaceous beds
of Sckoto Province (See Map 1). Tertiary earth movementy imparted
low dips to this formation, leading to 1ts erosion over wide areas.
The youngest deposits in the area are laterites and glluvial terrace

and terrestrial deposits of Tertiary and Recent age (Russ, 1957).
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3+3.The Northern Basement Complex

The rocks of this crea form part of the igneous and meta-
morphic erystalline bagement which outerops over more thon half
the svrfooe aren of Migeria., They are undifferentiated and oonsist
of various gneisses, migmatites, older gramites, quartzites and
several low=grade sclists of the younger metasediments. They are
probably the oldest members of the Precambrian in the area. The
schists are considered to have been highly metmmorphosed and recrye
stalized, and may represent an ancient sedimentary series.

J3.ia% Ihe Younger Metsnsedimentg

Theze rooks are widespread within the complex and include
the phyllite and gold~bearing guartzites which occur in the Niger
Province and in Ilorin to the south. Also included are marbles
ond lowegrade sehists in Kabbo Province, Kwara State and Sokoto
Province, North-Weatern State, They are probably the youngest rvoks
of the Bansement Complex and form relatively large exposures, The
gquartgites form impressive topographic fentures ond sometimes show
complex folding which is not of"ten easy to interprete due to lack
of continuous exposure (Oyawoye, 1964). They are mot offected by
mignatisation and granitisction.

3.3.2 The O0lder Granites

Very common in this group are the granodiorites and the

various granites, Their occurwenceis widespread and their variation

in texture and structure are considersble. The msjority of inselhergs,
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which are so characteristic of the landscape, are composcd of Older
Gramite (Russ, 1957). Their characteristio form is a smooth,
bare exfollation dome,

Textures vary from cosnrsely porphyritic to microgranitic.
The contacts between individusl textural types are alwoys gradational,
A gneigsoge structure 1s common and feliation consists of o parallel
aligment of feldsper phenocrysts, or of biotite foliae, or of both,

3e3s3 Principal Rock Types

The gnelsses predominate, They inciude rockas whoee origing
alffer conslderchly and show o wide variation in chemioal composition,
mineralogy and Meld ocourence, Biotito gneiass ocours widely and is
of varimble grain size, It is characterised by nbundant oligoclase
end 1little microcline, Higmntites range from coursely mixed gmeisses
to more lincated and banded gneigses. They are very wilform in .
gharacter and the foliantion strike is remarkably econstent in dl.ir'ectiozi.
The migmatites often grade into the gneigses with indistinot transi-
tionn) zones., Granites are common and although they have o soall
ronge of chemical composition, minor chemical compositiong regult
in important minerological differences armd distinet granmite types
can be recognised. They fnll into two brend groups: the biotite,
hornblende granites and the granite-gneiss or gramnodiorites.

The schistzs in the area fell inte two groups, nomely the
paraschists and the sehigts of heterogeneous origin, The paraschists
have been derived from o group of ancient sediments by dynamic

we toamorphism and they post-date the underlying gneigses, and appear
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to be the infolded reminants of a sedimentary succession which

onoe covered the aren (RuSS, 1957}, They are mostly finc-grained
and probably originated in deeo~water conditions. The schists of
heterogenous origin me much loss common than the parasehists, and
include orthosehists. They usually occwr in intimate associntion

with the gneigses.

3¢ 3¢l Minor Intrusiong
The great majority of the minor intrusions which can be drectly

rolated to the greisses are, as in the case of the Older Granites,
of an acld nature, and are composed mostly of gramite, aplite, quortz
and pegmntite, Thege ramify through the gneisses and somcetimes form
composite acid dykes, Successive intrusions mey sut one another,
and at least three pgencrations of pegmatites and quartz veins have
been recognised (Russ 1957). In addition to the quartz veins,
massive veihs of vitreous ~umrtz are of wideaspread occurence within
the gneisses. They arc not known to contain minergls presently of
gconomie value,

3e4 The Southern Bagement Complex

This area comprises the aresn south of the Nupe Basin, Table 2
sunmari sea the various rock types in relation to the goneral time
seguence and proeesses that were operative, All the succegsions
described in the 1.‘.abl<: are of +the Procambrian era.

The rocks in the area consist cssentially of gehists, gnelsses,
gramtes and various basic intrusives. The granitic types fall into

two groups: The Older Granite, usually biotite and hornblende granite
|
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and the Granite-Gneisases. The gneisses are invaded by n series

of shected bodies that arc presmmed originally to have been gabbros,
but which nre now represcated by plagioclase-hornblende~biotite-
quartz rocks (metn.gabbrns) (King and de Swardt, 1949),

The Gneiggic Complex

The country rocks within whieh the metagabbros and porphyritio
granites have been emplnced, comprise a varied geries ranging from
banded and granite-gneisscs to granodiorites, Though structurally
forming part of this complex, the granodiorites and associated
aplites and pegmatites are (he products of the earliest recogniga-
ble cyeles of grenitia~tion (King & de Swardt, 1949).

The banded gneisscs are composed of layers ranging in
compogition from mediw to fineegrnined guartz-feldspar rocks to
biotite gehists., Individual bands vary greatly in thickness and
contacts are gradational to sharply demarcated, The biotite and
biotite~hornblende gneisses nnd sokdats are widely distributed but
are quite insigmifieant in nareal extent, The granodiorites are
well represented in Che prea snd often grnde intoc true banded
gneisses, Though the smuc components are present, a proncunced
schistosity is sometimes found in place of banding, Generally,
they have a uniform appearnnce, are relatively constant in composi-

tion and nre medium-greained,

3ele & The Metogabbrog

These are largely found within the granites or nlong its

contaots, They form somcwhat irregular, interconnecting, sheet-like
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bodies generally occuring along the marging of the granmite and
approximately parallel to the strike of the adjacent gmeisses,
The central parts of the lerger sheets are usually formed of a
nediunm=-grained, derk greenish-grey rock, composed essentially of
white or grey plagioclngse, hornblende, biotite and subordinante
quartz. As the margina are approoched, they nsswe a gneigsic
folintion and Wltimately beeome o fine=grained gchistose rock

in which biotite predominate over hornblende (King & de Swardt,?949).

Jeliel Pegmatites and Late Dolerite Dykes

Two varictics of pegnatites arc recognised in the Osi area:
the equigranular, biotdte-poor pegnntitc and the coarse-grained
nagnetito-~bearing quartz-feldspar-biotite pegnatites, (King and de
Swardt, 1949). The former are nmoderately coarse~-grained, leucos
eratic rocks which forn streight or irregular dykes rarely more
th n thirty centimeters in width, and occur both in the granite
and host-rocks, The latter groun occurs principally as coarse-
grain dykes characterised by regularity in strike and lateral
persistence, and are found both in granites and adjacent gneigses,
but are parkedly less abundant away from the granite nmargina.

Small dykes, up to a metre in width, of fine-grained dolerite
are occagionally found in the area, They are very nuch younger
than any of the rocks already described and judging by their petro-
graphic character, are not Precambrian in age (King &de Swardt,1949).

They consist largely of diverse laths of plagioclase, up to a
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millineter in length and very frou va'y pale brown to o distinct
purplish=brown in saall gronuleg, anhedral plates or gunll sub-
bedral prisms. The textures nay generally be deseribed ns inter=-
granular; the augite is cormonly found ns granlar aggregetes bet-
ween the feldspar laths, Tiner greined chilled margins hawe been
scen in cases where the enbtire width of the dyke is exposed. The
development of chilled mergins and sharp contacts and the =absence
of any sign of defornmntion or metamorphism of the dykes nay be
regarded as indicating th:t Lley were formed by the simple dilation
of fisswe walls as a result of usgmatic injection at no very great

erustal depth (King & ce Swardt, 1949).

The N Basin

These rocks were first described by Faleoner (1911) who inelu~
ded then in his "LokoJja Jeries" which he considered to be of locemne
age, He used the "Lokoja Cceries" to indicate sediments outecropping
over the ares stretehing rlong the Niger from Idah, south of "onta-
gora and up the Benue fron Lokoja to the Doma Hills, Russ (1 930)
desoribed the Nupe sandstones ns the rocks of the central part of the
belt asround Bida, The Mupce Bagin now indicates the whole series of
sedinentary rocks occupying the Middle Niger Bn8in between Kontagora
and Lokoja. It has been genernllyaccepted that the sandstoics of the
northern part of this belt around Fontngora are equivalent to the
I1lo group of Southern Sckoto which Brymor-Jones (1948) believed
to be Senonian or older, ~nd which Kogbe (1970) considered to be ns

thick as 210 meters,
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34541 Structural featureg and Principal Rock Types

A notable feature of ‘he sandstone basin is the wideaspread
oceurrence of surface and subsurface ironstone and ferruginous sand-
stones, The material cccurs principally as a lateritic crust or
capping on the rocks and in sone areas it forms thick sheets cxtend-
ing continuwously for nany scusre kilometres, The most striking
characteristic of the ircnstone 1s the fact that it has formed
alnost exelusively on the sedinentary rocks, and rarely on those
of the gurrounding Basement Coumplex, Shale beds ocecwr near the
base of the laterite capping in several places (Jones, 1951),

Another notable featurc of the sandatones is the oceurrence of
many scattered thin layers of them several kilometers from the main
body (Russ, 1957). Some of these series lie as far north as Birnin
Gwari (Map.2), which swgzests that the sandstones probably once extends
ed over the whole of the aren north of the bagin., Widesprend erosion
during the Tertiary (Russ,1957) resulted in its present outline,

The sandstones consist in general of soft, buff and rel-brown
sandatone and conglomeratcs, At Mokwa, there are pale red-brown,
folse~bedded sandstones -nd in the river banks near Lafingi, there
are coargse and fine-groined sendstones with mottled red-brovn and
white, massive sand clays, ilesr Koton Karifi, the dominant rock
type is a brown, rusty srndistone which is fairly eagily crushed
and is generally ill-sorted. Hecords of bore-~holes at Mokwa end
Badeggl indicate the prescace o clays and gandy silts at depths

of up to 150 metres,
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In the Bida area, four rock units have been distingui shed
(Adeleye and Dessauvagie, 190). Bottom to top, Bida Sandstone,
Sakpe Ironstone, Bnagi Siltstone, f-n:l.Bata.ti Ironstone., The 5ida
sandstone 1s a coarse sandstone looally current bedded, The Sokpe
Irongtone is an oolitic-pisolitic horizon restricted to a zone 45kn,
long by Skn, wide by 3%a, thick between Bida and the R, Miger, The
Enagi Siltstone consisting ol siltstores, mudstone and fine sond-
stones conformebly overlies the Dida SBandstone except where the
Ironstone intervenes ~nd is cstinated to be 70m, thick or nore,

The Batati Ironstone 5, thicik is predominantly an colitic iron-
stone with a silty-clayey matric (ideleye and Dessauvagie, 1970).

Two types of Ironstones hove been distinguished in the Agbaja
Plateau area of Kabba Provinee (Jones, 1955): the lateritic ironstone
which varies greatly in ~ppenrionce, hardness and composition, and the
oolitic and pisolitic ore. The upper part of the lateritic ironstenc
forms a hard rock where it is exposed but at deeper levels, it is
softer and grades into «~ clay-like substance, The oolitic orc varies
fronm a dark, hard and hesvy coupret rock o a light, porous, yellow
earthy rock.

Origin of the Ironstone

Various poasibilities for the origin of the ironstones hnve been
proposed by Palconer (191 '?); du Freez (1952); du Preez and Jones
(1953); Jones (1955); and sone others, The interbedded oolitic

ironstone seems to be of acdinentary origin, with the iron poasibly
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introduced afterdeposition., The uoper ocolitie ironstone may,
in port, have a lateritic origin ord nay therefore occur nt
different levels above the siltstone, The presence of marine
fogssils ot a few locnlities, however, suggest deposition of
narine sedinents under conditlons sinilar to those of the lower
ocolitic horizon (Adeleye and Dessauvagie, 19?0),

306 Dectonies

The periods of deformation in the area south of the Nupc
Bagin arcneinly of Precambrian age., The iectoniecs ean be inferred
by analogy with those operative duriig the granite-gneiss and
porphyritic granite cyeles, Plastic and seml-plastic shearing
aprenrs as the eritiecal featwre, vhich, developing in response
to reglonnl stress, produced regular, parallel and relatively
straipght banding in the rocks. The occurrence of parallel zones
in which the gneisses are slternctely crumpled and evenly banded
is aseribed to the operation of shearing along numerous gub=parallel
plancs vith the redevelopnent of unif'orm straight banding (King and
de Swerdt, 1949).

/1though the location of many of the post=Older Granite aplite
and pegnatite dykes demonstrate » relotionship to fracturing and
shear novenents, to which the rocks responded by sharp dislocation
as if they were in a brittle condition, there is evidencce that the
rocks verc nlso capable of deforncotion of plastic type, Indieation

of tlc latter are seen vhere the relative lateral displacement on
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either side of a dyke show rapld variations both in nagmitude and
direction (1‘-'.111.:: 5 de Swardt, 1‘)4_‘}, As with the netagebbros, their
location within the gramites and nlong their contacts, and the

di splocerientof the host granites indicate that they are related

to the granite enplacenent and that they are late stage products

Y

of granite intrusion., The dolerite lykes are not Precanbrian in
age but are nuch later tharn the netagobbros and pegnatite dykes.
"isg is indicated By the developn ‘it of ehilled morgins at the
sharp contacts of the dolerite dykes.

The earth novenents which affected the Precanbrian rocks
north of the Nupe Basin are nainly of pre-Cretaceous nge. Sone
minor movements took place in the Tertiary (Russ, 1957). The
gneigses and schists in the north exhibit foliation with a north~-
north-enst strike which have been nseribed to pre~Cretaceous ageé.
Subscruent to folding, faulting oecured along two directions, trend-
ing north-north-east and cast-south-enst respectively., The north-
north-east faults are shatter belts ~nd the other probably are
tenr Prults. The Tertiary earth novenents wore regponsible for
warping of the Upper Cretnceous beds ard, subsequently, the more
elevated portions werce renoved by ero sion amd the Precambrian
expo sed (Russ,19 57) .
7 Econonic Congiderntion

fold is widely distributed throughout the aren of crystalline

rocks and the bulk of the gold in Migeria hns been produced fron here,
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Teble 3 (Rusa, 1957) shows o sunuinry of the production fron
north~western Mgerin as compared 4o production from the whole

of Nizerio for the period 1932 to 1955, Occurence ia usually

in rurrtz veins and slluvial deposl ts, and traces have been found

in nost rivers in the arca, but lodes nre very uncomnon, By far

the greanteat proportion has come from alluvial sources, The explae -

ration for this is that the gehists, vhich contain nost of the
gold=sunrtz veing were subjected to erogsion during vast periods

in the Palaeozoie era and the gold derived fron the eroded rocks
concentrated in the changing river patterns of the Palneozoie and
legozele eras, In Cretaceous tinme, shallow-wnter sandsgtones and
conglotiernte were deposited over nost of the Middle Niger Valley
erea and the gold deposited in these beds, Many of the pegnatite
Ayices around the Egbe district hove been worked for tin and tanta-
lite and one of then for beryl, Those dykes associated with (uartz-
veins have also been worked for gold,

The Ironstones of the Nupe Bngin may contain sufficient rcserves
of Tron to nnke feasible the establishment of an Iron and Steel
indugtry in the arca. For ingtance, in the Agbaja plateau area
of Xabba Province, inonstone aversging 507 iron and 9 metres in
thickne gs under an overburaen of latcerite, itself a low-grade
ironstore of approxinately 3% iron with nn average thickness of
5 nutres, hasg been estinated to have a reserve of about 30 milljion
tons of the 50% nateicl (Jones, 1955)., Reserves of similar magni-
tude existing in sone other parts of the ironstone region might

therefore suggest a bright future for the Iron Industry.
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e Introdg_gtton
The actual cause of small wavelength gravity anomalies is the

lateral heterogeneity o rock densities in the upper orust (Sweeney,
1972). A knowledge of the densities of rock formations is therefore
important in the interpretation of gravity anomslies., Tables of
densities for some of the rock types found in the earth's crust have
been published by various authors (Dobrin, 1960; Jakosky, 1960;

lMicLean, 1961; Hatherton ond Leopard, 1964; Gibb, 1968; Smbhthson,1971),
but these tables only afford a general survey of rock dengities, Since
the acouracy of the interpretation of gravity anomalies depcnds greatly
on the assumed density contrasts of the rocks, which are usually small,
the density differences between the various rock types in the particu-
lar study area must be kuown in order to appropriately restrict density
contrasts used in model computationa., The beat values of densities

are obtained from fresh, unwenthered rock samples,

L.2 Sampl Techniques
201 rock samples werz ccllected from outerops close to the
gravity stations during ihe course of the field work.l\hcrever possible,
the samples werc cellccted fyom frewh surfaces of outcrops or from

recent blasiing ity road conatruction worlera,
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All the rock samples vere weighed dry in air (dry weight),
and the rocks of the ecrystalline basement were then weighed in
water (water weight). All the rock samples were then stbmerged in
water for 24~28 hours in 'he ease of the basement rocks, »nd for
48 hours in the case of lhe gedimentary rocks after which they were
weighed in water (saturated weight). The excess water was then wiped
off' the rocks after removal from the water, and they werc welghed
in air (wet weight). The dry density was obtained from thie formulas

dry density = dry weight/(wet weight-saturated weight)
and the saturated dengity from the formula:

Sat density = wet weight/(wet weight-saturated weight).
In general, samples of igneous and metamorphic origin showed
saturated densities slightly higher than the dry densities but
rocks of sedimentary origin sometimes shoved congiderably higher
increage in density after saturation. In all eanses the nmecn of the
dry and saturated dengities wns assumed to be the valuc necber the
"true" density of the rock,

Although most smples weighed over 700 gm, some weighed about
200 gm, Since the balanee has an aceuraey of +0.2g, calculnted
density values are accurate to better than 0,02 g.cm‘5 for the

lighter samples, and +0,005 g.cm-s for the heavier snmples.

4.3 Denaities of Bagement rocks in the Areg

The mean values for the dry nnd saturated densities for each rock

type were divided into class intervals of 0,02 or 0.05 g.cn-j, depend=
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ing on the range of the distribution, Histograms of thcse mean values
were plotted to permit n study of the distribution of the densitieca,
Mean dengities range from 2,65 g.om™ for blotite granite to

3 for biotite-schists (Table 4). The increasing densities

2.7 ge.om”
reflect changes in chemical composition and the diversity of the rock
types within each group of' rocks forming the Basement Complex, Fig.}
shows the combined histogram for the densi ties of rocks of 143 samples
belonging to the Basement Complex, The calculated mean density for
these rocks was 2,70 g.c.m"5 with a standard deviation of the mean,
40,052 g. om=3, The freguency distribution is positively skewed which
indicates the presence of hecavier mafic rocks. The mode of the distri-
bution is 2.670g. cn™7,
L4e3.,1 Biotite Granite

The histogram of densities of 32 samples of biotite granite
fron different outerops in lhe area is shown in Fig. 4(a). The
caleulated mean densgity for thiz group was 2.65 g.c.m'j' with a
stondard deviation of +0,02 4 g.em™, The freqwney distribution is
negatively skewed and the mode of the distribution is 2.670z.cm=3.

4.3.2 Gromite Gneigs

14 samples of this rock type were ccllected and annlysed and
the histogram of their dengities is shown in Fig. 4(b). The calcu~-
1lated menn density was 2.68 g ™ and the slightly high standard
deviantion of +0.046 g.c:.:"z’ is an indicntion of the large dispersion

around the mean,
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!3 Migmati te

Fig., ll.(o) shows the hlstogram of densities for L5 samples of
migrmatite collected at diiferent locations in the area, The frequency
distribution is approximntely bi-modal and the calculated mean density
is 2,72 g.cmﬂj, wi.th a standard deviation of 20.0L7 g. cm"'j. The
slightly high s.tamlm':l doviation indicates a slightly large dispersion
around the mean. The menn, 2,72 g.om=3 is comparable to 2.7 g.om™>
(Ajakaiye, 1970) obtained in the Nigerian Younger Grrnite Province,

L.344 Granodiorite

32 samples were collegted and analysed and the histogrem of their

densities is shown in Fig.4(d). The frequency distribution is nenr

normal, and the calculated mean density was 2,66 goom "

which is near
the mode of the distribution, 2.670g.cn™3. Standard deviution of the
mean is +0,019 g.cm"5. The enleulated density is however low when
compared with the published value, 2.72 gecm > (Jakosky, 1960) and
the range 2.62=2,69 g, em™? is alse low when compared with published
value, 2,69-2.79 g.on~2(Dobrin, 1960).

ko3.5 Quorts Diorite

Only L somples were collected and hence no histogram is shown.

The ealeulated mean density of 2,76 g.cm"j is comparable to the value
2,75 g.om~2(Gibb, 1968) obteined for samples in some other parts of
the world,

ho3.6 Migo Sghist

12 samples of schists from 2 locations were collceted and analysed,

Six samples from onc locetion consist predominantly of muscevite while
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L.3 the other six from the othe location was rich in biotite, A
combined histogram for the two types ia shown in Pig, 4(e). The
caleulated menn density wos 2.76 g.cm-j and the standard deviation

about the mean is 0.0 ;,’..cm-j.

%347 Moteporphosed Rhyoli te
4 somples were collecied and analysed, The calculnted mean

density for this group of rocks which was 2,66 g.m"5 is similar to
the value 2,66 gr;..ca:-.-3 (Gibb, 1968) cbtained for similar rocks in

other parts of the world, and is comparable to 2,64 g.cm"j(xi.jskniye,

19?0) obtained for rhyolites in the Mgerian Younger Granite Province,

holi Dengitics of Sedimentary rocks in the Nupe Basin

The sedimentary rocks in the Nupe Basgin have a greater porosity
than the rocks of the Bascment Complex, The "true" densitlies cbtained
from the dry and saturatcd densities for 58 samples of sedimentary
rocks collected from verious locations were sub-divided into intervals
of 0,05 g.cm’j because of the wide range of thege densities,

g, 5 showa the combined histogram of all the different sedi-
mentary rock types collected. The frequency distribution is positively
skewed which is an indicrntion of the lerge oceurence in the gamples
collected of rocks containing r~ fairly high percentage of iron. The
cnaloculated mean density for ferruginous asandstones ond giltstones was
2.12 g.on"'j, while that for ferruginous sandstones w7ith a high iron
content was 2.64 g.om"‘j. Ironstones have a caleulated mern density
of 2.86 g.an-j, and a further consideration of Fig,5 shows that the

sandstones with high iron content grade into the ironstones,



FREQUENCY

2

42,

. SEDIMENTARY ROCKS
-—
2‘5' — v —--| —1
= [
_ V2 -
- -
2.00 220  2-40 260 2.80 3.00
DENSITY {gm.cm™>)
Fic. & Combined histogram of sodimentary rocXs



The caleulated mecn density for all the sedimentary rock types
was 2,51 g.on-B with o high standard deviation of the mean, 40,348
g.cm"j, which indicatus the lnrge dispersion about the mean, A
sunnary of the densities of the varlous groups 1s presented in
Table 5,

heliet Ferruginous Scndgtones nnd Siltstone

20 samples of Ferrugincus sandstone from two locations and
4 semples of Ferruginous sgiltstone from nnother location were collected
and analysed, The coabined histogram of the dengities for these two
rock types is shown in Pz, 6(a). The frequency distribution is near-
rormal with 2 mode of 2,125 g.em™ which is close to the caleulated
mean density of 2,12 g.em™2, The standard deviation of the nean is
+0,100 g. o™ =

lrelie 2 Ferruginous Sandstone with high content of Iron

12 sanmples were collocted from 2 locntions in the area, Thelr

densities were grouped in classes at intervals of 0,05 g.m:l-1, yielding
n near-nornal frecuency distribution with a calculated mean denaity of
2,64 goon™ amd a standerd deviation of 40,069 goon™ (Pig.6(b)).
The node of the distribution which is 2,625 g.cm"3 is close to the
caleulated mean,
hahe3 Lronstone

22 sanples of lronstone were collected from 2 loentions and analy-
sed. Fig. 6(c) shows the frensuency distribution of their densities.
The calculated mean density was 2,86 g. a2 with o standard deviation

of the mean +0.136 g,on™.
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4.5 Rock Densities Accepted for Models

A sumary of the densities accepted for use in models on the
basis of the density determinations carried out is showm in Table 6,

A value of 2,70 g.om™> wus gecepted as being the mean for the basement
rocks. This value exceed that of the Bouguer density by 0.03 g.am'ﬁ,
ond the error due o this (of a magnitude leas than 1 ngol for the
elevation range in the Middle Niger lﬁsig) is notv lik.ly o offect
the nmodels significantly.

Az explained enrlier on o nesn value of 2.5 g. cm-3 was calculated
for the sedimentary strata, This value was not thought to be very
representative of the typical Nupe sandstone at dopth beepuse rocgk
specimens of thig rock type could omly be obtained from the ferruginous
sandatone which appears to cover the sandstone area extensively,
Structural investigations in various poarts of the basin as well as
data from bore=holes have indicated that the ferruginous sandstone
capping is not likely to exceed a thickness of 50 metors ot i4s
moxinun thickness. for this renson, a dengity of 2,40 g.cm"3 for the
sedinentary strata wns thoughtto be more reasonable anl was used in

the nodels.
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A GENERAT, DESCRIPTION AND INTERPRETATION OF THE BOUGUER ANOMALIES

5«1 Introduction

The Bouguer values have not been contoured owing to the large
areas covered by the aurvey and the comparably low station density.
A high atation density has not been possible nmainly because of lack
of adequute ronds in the area, The present study should therefore
serve only as a preliminary investigation of the area and it is
hoped that it would be possible in the future to further extend
the work,

Interpretation of the anomalies in the area has therefore been
baged on Bouguer profiles drawn from traverses prinarily chosen so
as to run across the Nupe Basin in several places. The traverses
are, however, sufficiently nany and cover a relevant fraction of the

area to permlt a study of the major gravity variations in the area.

5.2 ~ Egtination of Regional Anonmalies and Gradient

In the interpretation of any gravity anonalies, one of the
najor problens is in separating the effects of shallow origin fron
those of deeper origin, These are the residual and the regional
anonalies respectively., No unique determination of the regional
effect is poassible and no mechanical nethod for its removal can
be found (Nettleton, 1954; Skeels, 1967).

The methods for separating them can be broadly divided into two,

nanely: the Mathematical trend frequency analysis or grid calcula-
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tion systems, and the graphieal method, As Nettleton (1954)
pointed out, any grid caleculation, once set up, is autonmatic,

It is an advantage in that the systen being autonatic, is not
subjected to the judgement of an operator, It is a disadvantage
in that it is not easily adaptable to gharging situations. In

the graphiecl method, the choice of o regional is largely enpiri-
cale This is usually done by drawing smooth contours and subtract-
ing this set of contours from those of ithe obsgerved map to contour
the residual fentures, A more refined method is to plot profiles
slong lines perpendicular to the direction of regional geological
trends and to draw snooth regional curves on these lines. Vejk
(1954) has indicated that there is a large "personal factor" in
the form of the geological bnckground of the interpreter in the
deternination of the regional gravity by the graphical nethod.
This includes "all the geological data known to hinm, and all sound
geological theories and nssumptions he accepts or develops"., This
night therefore have its advanteges.

In estinati:gz the regionnl anomaly trends, the graphicel
nethod of separating the regional from the obacrved gravity value
has been used. This method has becn preferred to the mathematical
trend frequency analysis because the station distribution is not
adequate and not an a2 regular grid, 1Moreover, there are several
gravity traverses in the survey which run scross the major
structural feature (the Nupe Basin) in the aren to permit a fairly

good graphical analysis. Fowr profiles were drawn along various
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traverses in the north-gouth direction and another three were
drawn along traverses in the east-west direction., The four northe
gouth profiles were particularly suitable for estinmating the
reglonnal curves because they run fairly parallel to one another,
and they extend into the basement area far beyond the boundaries
of the basgin, They were therefore aligned and the regional curves
drawn along then uging the parts of tle profiles over the basement
area as controls, Fig, 7 shows the northesouth profiles and the
regional curves while Fig.8 shows the approxiuately east-west
profiles. The gradients of the regional curves do not exceed
0,15 ngal 10:1-1 in the northesouth direction and the general indi-

cntion is that the regional plunges to the north,

Interpretation of the Regional Anonalies

A prelininary investigation of the Bouguer anomalies reveals
that there is a general correlation between Bouguer anonaly and
height, This is readily seen (Fig.9 and Pig.10) by the way in
which the Bouguer values tend to decreanse ns the higher ground
is approached, /4 plot of the computed mean Bouguer anomaly
against mean elevation for stations grouped according to their
elevation in 100 feet intervals (Fig.11) indicated that the
relation is approxinately:

Bouguer Anomaly = -7 mgal. - 0,01979 H
where H is the elevation in feet, Similarly, a plot of the

conputed mean free-air anonaly against mean elevatic,h indicated

L
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that there is a correlation between elevation of ground surface

and the mean free~air anomnlics, The relation is approximately:
Free-nir Anomnly = -7 mgal, + 0.01438 H

where H is the elevation in feet, The elevation in this arsa

varies from 60 metres to almost 600 metres, As would be expected,

the two curves converge to the same value (-7 mgal) at sea level

(zero eleVation).

A negative regional gravity ancmaly extends over the whole
area with o maximum negative value to the north, This negative
anomaly that characterises the HMiddle Niger Basin ares is con-
sistent with the negative regional obtained in the Younger Granite
Province Survey (Ajskaiye, 1970) and the Benue Valley Survey
(Cratchley, and Jones, 1965), This dominant gravity feasture of
central Mgeria probably reflects the distribution of low density
material within the earth's crust,

The gentle gradient of (he regional curves (s maximum of 0.15 mgal.
wm™1) indlcates that it is of a deep origin. Its continuous plunge to
the north is an indication that the crust is probably thicker in the
north than in the south of the area, The plunge represents an incre-
ase of about 20 mgal. witlin g distance of 360 km. from the north to
the aouth of the area, Assuming a density contrast of 0.40 g.cmm3
at the crust-mantle boundary, a computed value of 1.6 km. was
obtained as the increage in thickness of the crust required

to produce a change of 20 mgal, from the sorth %o the south of



Ob-

| I | ]
e

ﬁ
4 00272

00% 002®
o1+

02+ -

Aipwouy J1y 3344
B s|0bw Q¢+ -




5¢ 3

56.

the area., The genernl pattern of the Bouguer values increasing
over the basin and deercasing away from it is attributed to a
thinning of the crust bencath the basin as compensation for the
lighter sedimentary rocks in the basin. The feature is particu-
larly pronounced in the Abaji arca (Fig.7d) and is probably due
to the fact that this profile crosses an aree closé to the con~
fluence of the Niger and Benue rivers where the Nupe Basin joins
the Benue Valley and where considerable deposits of sedimentery
rocks were probably deposited,

In the absence of any other geological or geophysical evidence,
the main conclusion to be drawn from a preliminary investigation of
the Bouguer and regionel anomnlies is that, the crust is thicker
in the north of the areac than in the south and that it is thinner

under the basin than under the surrounding Basement Complex,

Isotasy in the Middle Niger Basin Area

The idea that elevated regions of the earth's surface are
compensated by mass defieciencies ot depth is not réw, OQuantita-
tive studies date from those mede by Pratt and Airy in the nine
teenth century, on the plumb line deflecticms obgerved during the
survey of India. These deflections proved to be less than would
be predicted by caleulation of the direct attraction of the
Himalayas, and both Pratt snd /iry suggested that the mountalns

were compensated.
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The fact that the earth is close to o state of 1gostatic
equilibrim is noﬁ supported by many fnots, deduced especially
from studies of the earth's gravitetionnl field and studies of
the structure of the earth's deep Anterior by the methods of deep
seigmic sounding and seisnology (Artenm'yev and Artyushkov, 1967).
Density heterogeneities of the earth's crust are expressed both
in the diversity of the surface topography and in the existence
of rocks of different densities in the erust., These heteroge-
neities are compensated meinly by changes in the position of the
lower boundary of the ecrust, the Mohorovicie discontimdty.
Heterogeneities in the crust mag thercfore be compensated by
changes not only in the position of its lover boundary, but
also in the density of the upper parts of' the nantle between
the lower boundary of the crust and the top of the Mohorovicic
d scontimd ty.

The nodern concept therefore implies that o state of hydro=
static equilibriun exists between the swrface irregularidéies of
the earth's crust whereby the apparent excess of matter represented
by & mountanin or the apparent deficiency of matter in an occean
basin is compensated by variations in the unlderlying crustal
materiala., The tendency of the Bouguer anomaly to go to large
negative values in elevated regionsg is evidence of conpensation
by concenled nanss deficiency, If the effects of' these deficien~

cies were added to the Bouguver anomaly, = new velue close to zero
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is obtained if compensation were nearly complete, The cxtent,
therefore, to which these rew values - the isostatioc anomalies -
tend to zero is a measure of the isostantic equilibrium of the
aren, The Isostatic anomaly is not un’que, but depends on the
paraneters such as density, and depth of couapensation of the

nodel chosen (Garlnnd, 197 ).

5¢3.1 Estimntion of the Isogtatic Anomelies
Approxinate isostatic anonalies were calculated for the region

by finding the difference between the observed Bouguer values at
some stations along the profiles, and their theoretical values
caloulated on the sssuption of complete isostatic compensation
of the surfnce topography, using the Airy-Heiskanen principle.
The erustal thickness is assuned to be 30 km, nnd n "root" of
thickness H' at the base of the erust dve to an elevntion H of
the station nbove a mediam height X for the traverse is calcu-
lated using the formula:
HX 2,70 = H x 0.4
where the mean density of the rocks above the median height was
2,70 g.m"’j, and the assuned density contrast between the upper
pantle and crust was O.4 g.cn . The isostatic effects at sea
. level due to these "roots" were then determined by caleulating
the gravitational attraction of a two dinengionnl body at the

depth of the "root" and thickness ecunl to H' (Nagy, 1964). To

thege values were ndded the pgravity attraction due to an infinite
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tlock of mass of thicknesge X and dengity 2,70 g.cm"z’. For
inastance, the median height for the Jebba-Keffi traverse waes
approximately 122n, and the height of 9507 =72 (Mokwa) sbove

thig median height was 39m., The equivalent "roots" thickness

wog therefore 263,2%5m, which gave o calculated isostatie

anomaly of =3.65 mgal. at sea level., The mravitation attraction
due to an infinite block, 1227, thick and denglty 2.0 geocn™ was
«¥3.81 ngal., The total isostntic effect ot Mokwa wags therefore

-1 7.46 mgol, The obgerved Bougwer anomaly at Mokwa was =11,69
ngal., The residual isostatic anomaly which is the difference
between the obgerved and calculazted anomaly is therefore approxi-
nately +6 mgal, Similarly, the residusl isostatic anomaly at

9501 -72 (Bida) which is in the centre of the basin is approxi-
mately +4 mgal., But the nean free—air anomaly for the area is

+5 mgal, Since in the essentially lowland areas of the basin,

the free-air anomalies should approximate to ilgostatic anomalies
(Cratehley and Jones, 1965), it would appear, therefore, that the
area is approxinately isostotionlly compenscted since the isostatic
anonalies calculated for Mokwa ond Bide sre close to the pean free-

air anonaly value,

Correlation of the Bouguer Anoualies with the General Geology

In general, there is good correlation between Bouguer

ancnalics and the napped geology of the area, but some pogitive
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anonalies were observed over the basin and these have no clear
correlation with the geology of the basin,

In the Kighi=-Zuru profile (Fig., 7a), the Bin Yauri positive
anonaly hns a nagnitude of about 20 mgrl. It ocours over basement
area and is directly related to mapped bodies of schist., Also
‘associated with seattered exposures of scliists nre the positive
anonalies (Mig.7c) observed between Tghe and Pategi and just
gouth of Zurngeru,

The Bida positive anomaly (Fig, 7c¢), however, has no clear
correlation with known geology of the arca over which it was
observed, It is perhaps the most prominent of the poszitive
anonalies ~nd extends north of Bida for 40 kn, and east of
Bidn (Fig. 8b) for 80 kn, In the Lapai nren (Fig. 8b) it has
a residual value of sbout +25 mgal and in the Bida aren (Pig. 7c),
it has a residunl value of sbout +18 mgnl, /flso observed over the
basin anl sinilarly not correlated with known geology is
the Mokwa positive anonaly (Fig., 7). It nverages about +10 mgal.
and extends northwards towards Kontagora (Pig. 7b) and eastwards
for 60 kn. (Fig. 8b).

In nost instances, the negative anomnlies can be related to
thick sedinents in the basin area; for instance, the Lenmu
regative anonaly (Fig. 7e) and the "ayn ne:ative anomaly (Fig. 8b)

are correlcoted with sandstone deposits of' the Nupe Basin, The
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Wuya negative anomnly is flanked by the liokwa positive anonaly
and the Bidn positive anomaly, and has a residunl value of sbout
~6 ngal, The Lenu negative anonaly lies north of the Bida posi-
tive anomaly and hasg a residual value of nbout =5 ngal.

Also associated with papped sedinentary deposits is the
negative anonaly which lics between Lune nnd Bin Yauri (Pig.7a).
It is correlated with the sandstones of tle I1llo Pormation of
southera Sokotc, Details of the northern nart of the anonaly
are unavailable owing to the lack of adequate naps of the area
during the field work, but detoils shown in Fig.7a indicate
that the anomaly has n residual value of sbout =25 mgal, An
assuwed density contrast of 0,30 g.m"3 with the basement rocks
should therefore give an estinated thickness of 1,9 kn, for the
sandstones in this area of the Sokoto Basgin, It would cppenr
that the thickness obtnined here is grenter than thicknesses to
be expected in most parts of the Nupe Brasin, by conmparing the
values of the negntive rnonclies observed in both arens.

A pronirnent negative amnonaly with o residunl value of
about =20 ngal, observed over basenent aren near Minna (Fig.8a)
cannot be correlated with known geolegy ol the area. Exposed
intrugions of 0lder Granite rocks are observed about 30 km from
the area., This anonaly nay therefore be cssociated with sub-

surface intrusion of the gome granite suite,
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5.5 Main Gravity Feoture of the Bagin

The gereral indication from the three nortlegouth profiles
that cross the bagin is that, positive residual anonalies are
centred on the basin around Abaji (Fig. 7a), Pidn (Fig. 7¢), and
Mokwa (Fig. 7b)., They deerease in nagnitude from Abaji westwards
to Mokwa with a value of nbout 25 mgal., at 'baji, 18 mgal. at Bida,
and about 15 agal, at Mokwa, In the central basin region at Bida
(Fig. 7¢), the anomaly is flanked to the north snd myuth by two
negative anonalies,

The enst-west profile (Mg, 8b) indicates n central negative
andnnly fleorked by two positive anonclies which are the Mokwa
and Bida pogitive anomalies. It nlso indicateg that the
Mokwa pogitive anonaly extends ns far ns 60 kn, enst of Mokwa,
and that the Bida positive anomaly extunds ns far as 80 k.
east of Bida, It would therefore appear from the cast-west
profile that the pogitive anémalies observed in the three
Rorth-south profiles do not form one continuous trend. They
nay therefore be associated, at least at shallow depth, with

separate origins,
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CHAPTER _ VI

THE RESIDUAL /JIOMALIES

6.1 Introduction

Residual anomnlies are oblnined by subtracting the regional
anomaly from the observed Bouguer values for the profiles, In
this respect, the final resulis derived from these residuals would
to a certain extent depernd on the assumed regionsl.

The modelling principle normally uscd in interpreting the
residual anomnlies is to compare the residual Bouguer values
with anomaly values caloulated for a hypothetical set of bodies
extending into the subsurface with different shapes and density
contrasts with the surrounding bnsement rocks., When the diffe-
rence between the obgserved .nd calculated gravity values is
amzll throughout the region of comparison, the model configu-
ration constitutes a possible repregentation of mass distribu-
tions which exist in the upper crust. In theory, an infinite
nunber of model configurntions will generate the observed
anomaly pattern but the regtrictions imposed by surface
litholeogic digtributions and gdructures, and general physical
and chemiocal considerations will eliminate most of the models.

Only two dimensional models were caleulated using a
computer programme (Nagy, 196L) ndopted by the writerto suit
the ICL 1901 computer of the Computer Unit at the Almaodu Bello

University (ﬁppendix IT), Tlo orogramme uses the polygon
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approxination nethod of determining the gravitation attraction
over a cross-section of a polygonal body which extends infinitely
in a direction perpendicular to the cross-section, Although
the basin 1s a three dimensional structurce and a three dimensional
model would therefore have bsen nreferable, it was felt that the
difference in depth estimatcs made by a twe dinensional and a
three dimensional model would be anall enough toc justify the use
of two dimensional models, and two dimensional models can be
nade to fit the residual gravity profiles more exactly.

Of all the seven profiles, Prafiles A=-A', B-B', C=C', and
D-C' (Map.2) cross the basin subet ntislly., Three of the latter
profiles run in a nerth-gouth direction while the fourth runs
in an east-west direction, The sections of the profiles which
run over the bagenent far away from the basin were used in
estinating the regional curves, :nd only the sections which
cross the basin and its immediate surroundings have been
studied in the subsequent models described later in this
Chapter,

6.2 General Degoription gnd Prelininary Interpretation of the Regidual
Anomclies

As mentioned above, tne area of particular interest is the
Nupe Bagin and its contacts with the basement., The basin is

characterised by positive residual anomalies which are observed
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in the profiles that oross the brsin (Pig, v-d)s In the central
basin region of Profile B-3' (Pig.7c), a central positive anomaly
is flanked to the north and south by two negative anomalies.
These and other negative anomalies which are observed over the
basin are most reasonably aseribed to great thicknesses of the
Cretaceous strata in the basin,
The positive anomnlics on the other hand can be produced
by the following hypothcses:
I. Congiderable thicknesses of the ironstone capping which
characterises the bnsin,
II. A significant rise of the order of 2=3 km, in the Mohoro-
vicie discontinuity.
III. A shallow basin floor coupled with a zone of basic igneous
intrusives occuring predominently within the basement,
IV, Extremely shallow basin floor which is underlain by
predominantly highly metamorphosed rocks of intermediate

composition of the schiat or amphibolite type,

On the assumption of I, thicknesses of the order of 3km,
or more would be required to produce the positive anomalies
cbserved in the Lapai area (Pig.Bb); but records of boreholes
in the Nupe Basin (Geologicnl Swrvey Nigeria records) and
various geological repoirts of' ‘he aren (Jones, 1948; Jones,

1955; Adeleye and Desssuvszie, 1972) heve shown that nowlere
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in the area does the ironstonc capping exceed a thickness of
Oom, It is therefore consgidered that this hypothesis is mot
probable,

With reference to IT, while the positive anomalies between
Lokoja and Kwali (Pig. 74) may be explained by a rise in the
Mohorovicic discontinuity, it seems unlikely that this is the
case for the Bida positive anomaly (Fize. 7¢ and 8b). At the
eastern margin of the Bida positive anomely (Fige 8b), the
gravity gradient is about 6 mg:-,l..km""1 which implies that the
anomalous body that ceuses it is at a ghallow depth, An
estimate of the limiting depth of the anomalous body (Bott
and Smith, 1958) gave a veluc of 3,6 km, ns the maximum depth
to the top of the body. “inee the depth of the Mohorovieie
di scontindty is of the order of ’Okm, in the area, hypethesis
II cannot completely explain the positive anomalies,

Several models calculs:ted based on hypothesis III shoved
that the basic igneous intrugion reguired to explain the positive
anomalies would be fairly massive (70 km. long and 9 km, deep in
Mg, 12-A). While an intrusion of this dimension is possible,
it would be expected thit some geological evidence for it within
the basin and beyond tho murging of the basin should be present.
In the absence of such eviderce, hypothesis III is considercd

unlikely.,
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