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Abstract

The first conposite magnetic anonmaly map of the
Sokot o Basi n has been <conpiled at a scale of
1:3,000,000 froma total of thirty GCeol ogical Survey of
N geria aeromagnetlc maps. The conposite nap reveal ed
maj or structures in the Precanbrian basenent beneath
the sedinments, and delineated areas for nore detailed
investigations. A system of large scale NE-SWand NWSE
trending magnetic lineations were also revealed, and
t hese have been interpreted to be part of t he
continent-wi de conjugate strike-slip fault system of
probable tectonic origin. The magnetic lineations and
i ntrusive activities are concentrated along three
prom nent linear belts which probably represent pre-
existing zones of crustal weakness in the continenta
crust. The significance of these zones with regard to
m neralization and seismcity have been highlighted. A
magnetic depth to basement analysis has revealed that
the basement surface is generally shallow, and attain a
maxi num depth of 1.8 km at the extrene NW corner of the
basi n. The regional dip is gentle, and neasured 0.4

in the northwestern direction.

Al so gravity data were collected along al
notorable roads in the basin and in parts of the
adj oi ni ng basenent block of northern Nigeria. Thr ee-
di mensi onal interpretation of the gravity data led to
the followng conclusions: (1) The isolated dder

Ganite outcrops around CQusau coal esce into one big



(ix)

pluton just beneath the ground surface and extend to a
depth of 4.3 kmwth steeply dipping contacts which
suggest a magmatic origin for these granite bodies. (2)
The netasedi nents of the Anka Schist Belt are generally
outward dipping, and attain a general thickness of 2.5
km termnating in a characteristic flat base. This
sinple structural style suggests that the sequence was
pr obabl y affected by only one tectonic event which
left a NS trending structural grain on these rock
units. (3) A nunber of depressions in the subsurface
basement rocks have been revealed where sedinentary

t hi cknesses range from 0.5 to 1.0 km

Over the basin, both gravity and magnetic data
have revealed an irregular basenent floor resulting
from gentle folding of the basenment rocks along a
general NS axis, at wavelength scales of roughly 100
km and anplitudes of only a few hundred neters. Several
sedinment-filled troughs and depressions on the basenent
surface have been revealed which form targets for
groundwat er expl oration. The absence of major faulting
even at the sedi nent-basenment boundary tend to suggest
that this southeastern sector of the lullenreden Basin
probably originated from gentle epeirogenic warpings in

contrast to the western and northeastern parts.
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CHAPTER ONE

INTHRODUDCTION

ral rodu

. The mapping of the sarth's aravity and wmagnetic
fieida has had a lonr and distinguished history as part
of the inveatigations of the structurs and petrolegio
variation within the eapth's lithosphere, Understanda-
bly in Nigeria, investigations in hoth fleldsx Thave
hitherto been confined to limited mreas wilh preven
mineral reseurces and geaological ebjecitives,. In wne
Niger Delta area (Figure 1.1) for exanmple, extensive
gravity, magnetic and even seismic surveys have bean
carried out Iin connection with eil explorations by oil
companies, Rasults of these surveys have been
restricted te the proapecting firms and are o,

available to the wider geoscience community, The Chad

Basin (Figure 1,1) has attracted similar attention in

this decade mainly for oil and groundw: Ler
sxplorations, but again the rasults are largely
confidentlal. The other areas where larpga coOmprehen~

sive geophysical investigations have been carried sut
in the c¢ountry are the Benue Trough {(Figure 1.%),
pionaered by Cratohley and Joenes {196%);:; and the
Younpger Granite province pioneered hy pjakaiye (1970).
Fortunately results of surveys in these twe regions sre
readily avafilable as most of the survevys were carried
cut hy academic and ether researeh 1institutiens. Tn

other areas of the country, geophysical survavs have



largely been conducted on an ad hoc basis aimed at

aslving particular geolegzic preblens,

Recently there has been a conseieﬁs éffort en
the part of the geescoience gommunity in the ceuntry te
coerdinate eaffortas and standardize theae 3urveys to
preduce composite reglenal potential fleld maps of the
vabioua geoleglical provinees, and thereby te sstablish
regienal gravity and magnetic data banks for the
previnces and hence feor the entire country (Ajakaiye,

persanal communicatien) .

1.2 Review af Previsus Geephvsical Studiea in the Area

Ne ather sedimentary basin in the country has
suffered as much neglect in terms of ground geophysiocal
surveys as the Soketo Basin which is situated in the
northwestern part of the country (Figure 1.,1), The
reasen for this apparent neglect 13 net quite obvieus
but may be pelated to the follewing:

1) no proven hydrocarbon accumulatien petential
in the basin,

ii} noe known econemic mineral resceurces in the
basin,

111) adverse olimatic conditiens for the greater
part of the year coupled with relatively psor
road netwerk .

iv) 1lack of an =zcademic/governmental Iinstitutien

with the relevant geosclence department in

the reagion.

In eantrast, ground geologleal napping has been
syatematicec and ¢an be considered adéeguate. Xeghe

(1979, 1981) and Wright ot al. (1985) coencluded on the
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basis e¢f their geolegical investigatieons that the basin
is interesting frem beth ecenemic as well as secie-
econemic points of view. They both recommended an
intenaive pregramme eof geelogzical and geophysiloal

investigatiens te be carrisd eut ever the basin.

The firat cemprshensive geophysical investigatiens |-

in the reglon waes the aseromagnetic wapping whieh was .

part eof the natien-wide airberne geaphysical series
carried out fsor the Geelogical Survey eof Nigeria {(GSN).
A high sensitivity aereoradiometric survey was alse
oarriéd sut as part of the series ever the basin. The
results of these surveys have besn published as
centeur maps on & =cale eof 1:108,000 whioh are in the

custedy ef GS3H. ' o

Ananaba (1983) ecarried eut a recennaissance
remote sSensing study ever the entire area ef the
country nerth of & latitude using LANDSAT images.
Frem the mesajic eof LANDSAT images he compiled and
analyaed twe majer indicater maps namely: drainagé map
and lineament map. His interpretatien ef the lineament
mapy was based en the special and directional attributes
of their assemblages, and a purely statistf{oal appreach
was nadopted in erder te make realistic inferences en
the mineralegical implicatiens ef the data. Twe mean
tectonic trends - NE-3W and NW-SE, were established fer
the country. The lineaments mapped were however net
claasified as faults, Jjoints, etc, and as such the

LANDSAT study weuld require greund geolegiocal and
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geophysical follow-uﬁ. A lineament density map was
alse coemplled and en cemparisen with the primary
mineral map of Nigerla revealed sone reamarkabla
ecorrelatien between the arsas ef high lineament density
and areas of knewn primary mineral eocurence (Ananaba

and Ajakatye, 1287).

Uwah (198%), ocarried eut a ground fellew~-up
radiometrio survey eof some radioemetric anemalies
delinoateq frem the asreradiometric survey mentiened
abeve, . . The field acintillemeter and gamma ray
spactromater survay was oconfined te three lecatiena
with a teotal area ef abeut 1 km in the vioinity ef
Dange village, These leocatiens were oonsidered_ te
have the highest pessibility of uranium mineralizatien
Iin the Sekote Basin. These high activity areas ware
;baervﬁd te ocesincide with smedimsntary seoctiena with
exposed nompacted lataritiec irenstenes, The study
concluded that the measured uranium oencentiratiens were
lewer than the level nermally regarded te be eof
economis 1importance. Also attentien was drawn o &

large negative magnetio anomaly centred reughly at

1
latitude 12° 15’ N and lengitude 5° 23 E, within the

so~-called mest prebable areas of uranium mineralizatien

and recommended the area for further investigatien., It

was adduced that uranium carryling fluids ceuld alter
the magnetic prepertlieas eof a asubsurface mineral

deposit; and thus the magnetle anemaly was linked with

uranium mineralizatien eor uranlum enrischment in an iren

ore depesit,
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A few gravity measurements have aléo been oarried
eut on some major reads in this area betwaen 1381 and
1982 (Ajakalye, peraesnal oommunioation). “ In additien
there has been twe other published acgceunts of
gra#imeter massuremeants in this area prier te the
present sSurvey. Verheijen and Ajakaiye (1978)
sstablished a gravimeter oalibrafion line 1in which
abﬁut threes statliens are located wlthin this survey
ares, Twe of theze stations were reoccupied in thia
study, Osazuwa (1985) eatablished a primary gravity
.nat for Nigeria of which five baze statiens are lecated
within the study area, and these were alse éeboouﬁicd

a3 base statiens in the present survey.

Alao the Geolegical Survey of Nigeria had since
the 19303 carried eut several electriocal resisﬁi?ity,
electromagnetico, and aselsmie refractien. aurveys. in
different parts of the basain, Seme of thesa surveys
'wara done in cellaberatien with feresign gevernmental
agencies such as the United States Agency fer Inter-
natienal Develepmeant (USAID) and recently the Japan
International Coeeperatien Agency (JICA), teo mention a
Tew. The surveya were aimed at studying the. agquifers
of the basin with a view to seleoting favourable sites
fer groundwater bereheles, The results of seme eof
these surveys have bheen published elther as (Geelegical
Survey of Nigeria Bulletins er as apecial publicatioens
{Reeburn and Tattam, 1930; Jones, 1948; Ogilbes and
Andersen, 1965; Oteze, 1976: and JICA, 1989}, The mere

rescant surveys by the GSN have hswever remained largely



unpublished, Unfortunately nene eof the numereus
boreholes scattered over the basin is known te have

reaoched the basement, and as such depth te basement

estimates have been by extrapelatiens.

Frem the feregeing, it is ebvieus that ne
comprehensive groeund geephysical survey of any kind has
as yet been carried out in this basin prier te the
present survey. Alse nene of the published Bouguer
gravity maps of the country such as these by Ajakaiye
and Burke (1973), and Fairhead and Okereke (1987) has

included any data frem this area.

1.3 The Present Suryey

The present survey was in part metivated by the
need to remedy the poor state eof geophysical knewledge
which exists ameng geosclentists ever this great inland
basin; and in particular te investigate the subsurface

structure of the basin.

1.3.1 Cheige of Wetheds

Histerically, gravity and magnetic metheds have
been the obvieus cheice for rapid mapping of extensive
areas =as a means of evaluating er stimulating the
expleitation of earth reseurces,. Generally fer large,
previously unexplered area, the gravity methed is an
adequate inexpensive methed applied for recennaissance,
For example, where little er ne geslegical infermatien

is available in a regien, the first question that must



be answered is whether a sedimentary basin large enough
and thiosk eneugh te justify further investigatien 1s
present, Alse regienal gravlity surveys may often make
it poessible te detail major atruotural features suoh as
faults ér lineamenta where mineral accumulations are
likely te be found. If the geoleglaal structure 123
simples, the gravity msthod can previde this kind of

infermation rapidiy and ecenamically, The basias for

the mnaethed in this case is that meat sedimentary roeoksa
have densities lewer than basement rocks; the density
centrast thus makes it peossibles te map the bLeundaries
. and determine appreximate depth distribution of the
sédimentary basin. In the present study, the gravity
methed is dincluded te threw mere 1light en the

aubsurfaoce structure of the basin,

Magnetic methodé, en the osther hand ars most
impertant in their assistance te geological
regonnalissance and mappling. In particular the
asremagnetic geaphyslioal methed is yet unmatehed by any
ether geophysiceal methed in its rapld rate ef caverags
and lew oest per unit area sxplered. Its usafulness in
the acquiasition ef data over stherwise inacoessibles er
renete areass ls of partioular advantage in Lhe present
survey. Aeremagnetiac methed has alse been widely usad
te determine depth te mnagnetic basement roeoks 1in
sedimentary basins, It 1is alse pessible te usa the
methed te reveal major basement surface structures and
ether enceuraging expleratien areas which can then bhe

surveyed in detall by more cestly metheds. Thusa, when



basement i3 the objeot of study and the sadimentary
covar gets in the way, aéromagnetios previde 5 means ef
 sgeing through effectively nen-magnetic sedimentary
reck cever te reveal patterns ef magnetization in
crystalline basemsnt recks (Cerdell and Grauch, 1985),
In the present survey the mnethed i1is applied to
cemplanmant the gravity methed Iin an attempt te
elucidate the astructure of the basement beneath the

Cretaceous - FEocene sedimentary cever.

1.3.2 wammﬂ

Initially 1t was intended te carry out only. Q
ragionﬁl gravity survey ever the entire bhasin with
gravity statiens at 4§ km intervals aleng all moterable
‘reads within the basin (Figure 1.2), and seme parts ef
the adjeining schist belt (Figure 1.1). Gravity
measurements were teo start frem Gusau an’ appreach the
basin nerthwards through Kaura Nameda te Jaben Birnil,
weatwardas threugh Maru te Talata Mafara and seuth-
westwards threugh Anka to Gummi {(Figure 1.2). It was
later disasvered that the road netwerk was net adequate
;ver some parts of the baaln, Analysais ef aeromagnetic
data over the bamin aresa was then undertaken te
oemplepant the results frem the gravity meazsurementa.
Frem computer ~ aided interpretatien of beth data sets
it was hepsd that the survey would achieve the
fellowing specific ebjectives:

i contribute te the general knewledge of the
reglenal subsurface atructure of the basin,
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i1 in particular estimate the thickness of the
sediments within the basin whiech has a direct
bearing en its hydrocarben and greoundwater
accumulatien petential,

ii1{ proeduce a cemposite magnetic - anemaly map,
and a depth te basement map ef the basin.

1.3.3 Limitatiens

Certain preblems were enceuntered during the
course of the survey whlech either slowed dewn the
project or necessitated modificatiens in the original

survey plan. The first ef the these preblems and

infact the most serfous of all was associated with the - o~

very eld base map used for the statien lecatien. Part
of the road netwerk indicated on the map had long been
recenstructed or abandoned altegether and this created
difficulty in the lecatien ef gravity =statiens, Some
new reads in the area were net on the map, ner in any
ether published map, and suoh reoads were mapped using
majer landmarks such as rivers, villages, etc, Coupled
with this preblem is the faot that the existing read
netwerk 13 net adequate fer a uniferm distributien ef
gravity statiens in the survey area, Fer example mest
ef the area nerth ef Argungu and nerthwest ef Sokete
(Figure 1.2) had ne motorable reads en any published
map., Cenaequently ne gravity =atationa coeuld be

established in such areas.

Similarly mest of the benchmarks whose descorip-
tions and heights were obtained frem the Federal Survey
headquarters 1in Lagea prier to the field weork te

facilitate station elavatien determinatien ceuld net be

-

ATt
' 1 L)
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used during the survey.. Seme ef thease benchmarksa
lecated en farmlanda had been removed by villagers
while sema ethersa were located aleng abandened and
inaccessible old reads. Alse mest of the new roads in

the area had ne benchmarksa aleng them,

The adverse climatic conditiens prevailing 1in
this area fer the greater part of the year was yetl
another serieum handiocap that prelenged the field work,
Fer example, fleld werk can effectively be undertaken
enly during the dry seamen {Qctebsr -~ May) na most
reads are rendered unmoterable during the rainy season
(June « September) by floeds. The dry seasen on the
ether hand is oharacterised by very strong dust-laden
nertheast trade winds, and excoessaive high temperatureas,
Average dally temperatures batwasen 1100 and 1700 houra
{(1ecal time) are usually abeve 3¢ ¢C. Thesa faoters
| affected the nltimeters and the gravity metar adversesly
te the extent that these instruments tended te drift
erratically, and thus limited survey period= to only
early merning and late svening hours. The number eof
days ef field work were thus greatly ingoreased and the

ogest eften became prehibitive,

THao 'majnr preblema ware endduntered with the raclk
pampling exercise, The first was in the basement area
where it was sometimes diffiocult te ebdbtain fresh
{unweathered) samples ef some ¢f the main reck types.
Fer mxample all the eutecreps of phyllites found in the

asurvey area were largely fractured and weathered and no



trusly fresh samples of this reck type ceuld be
obtained. Fer the sediments it was difficult te find
outoreps of the representative formatioens as these were
largely oevered by either the 3=-5 m thick lateritio
ironston; {Kegbe, 1979) which has developed over mest
of the Calcareous as well as the Gwandu Fermatiens, or
a mantle of drift averaging 2 m in thickness in ether
places (Jenes, 1948), Even at the type localities,
~some ef the samples collected (especially for ashales)

wers unconscolidated, making bulk density determinations

almost impossible,



CHAPTER TWO

GEOLOGY

2.1 Ipgtredugtien

The Sokoto Basin of Nigeria forns the asouth-
ezatern sector of the Iullemmeden Basin, ane of the
young {(Mesozoia - Tertiary) inland cratenic sedimentary
hasians of West Africa. Thus 1t is impertant te discuss

briefly the gzeoelagy of the entire basin fer a clearer

underatanding of the dstaliled geolopgy of 1ts Nigerian

sscter,

enera -1} ¥ B

The large, nearly circular sedimentary basin,
generally referred to ag the Jullammedman Basin of West
Africa {Figure 2.1}, extenda frem Mali and the western
beundary of the Republic of Niéer threugh northern
Benin Republiec and nerthwestern Nigeria inte easntern
Niger {Kegbe, 1981}, The basin whieh covers an area of
abeut 700,000 km2 , has 1ta centre in the north of
Niamey in Niger Republic, and l1ies entirely within the
Pan African Province of West Africa, It 13 bounded by
the Adrar des Iferas, the Heggar and Air ranges to the
narth; the Gourma and Liptake mountaina and the crysta-
I1line recks at the northern heundary eof Benin Republio

te the west; and the Nigerian basement reocks to the

south and seutheast (Fileure 2.1),

The basin, like sther {ntra-continental basins ef
the repgien and the African ceentinent iIin general,

14
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develeped by epeirogeniec warping er stretching and
rifting of tectonically stabilised erust, These
movements commenced around the beginning of the Palae-
ezeic and continued until Upper Cretaceous, and are
respensible for the south-wastarly progradation of
sediments deposited within the basin (Furon, 1063;

Kogbe, 1979 and 1981; Wright et al., 1985),

There are three major fault trends in the basin
(Kegbe, 1981). These faults are responsible for the
existence of several structural depressions within the
basin. The most impoertant ef these are in a NNE-SSW
direction whieh are responsible for twe prominent
depressiens within the basin, The other two fault
directions are WUSW-ENE and NW-SE, The NW-SE trending
faults mark the western 1imit ef the basin with a dewn
threw of about 500 m (Kegbe, 1979). These faults and
asseciated depressiens thua result in lecal dips 1in
different parts ef the basin, whieh otherwise 1is
generally bread and shallew with gently dipping

sediments thickening inwards frem the margins.

Pluviate and lacustrine sediments began te be
depesited after areas affected by the Pan-African
Oregeny had becoeme worn dewn and peneplained te abeut
the same level as the craten., The phase of centinental
depesaitien centinued until the Loewer Cretaceous, After
the breakup ef Gendwanaland in the Mid-Cretaceeus,
marine cenditiens became established with one of the

mest extensive transgressiens 1in earth'sa histery
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(Rogbe, 1979). These were alsec relatively short-lived
fer at the beginning of Tertiary times, the Alpine
erogzeny ocoemmencead and the seas retreated once morse.
Thereafter sadimentatien was largely ef fluviatile and

lacustrine type,

Ecenemically, the Tullemmeden Basin has not been
as Impoertant as seme other Mesoezoic-Tertiary basins of
| "West Africa, because of the absence of any proven
petreleum eccurencs, With the thiokest sediments in
the range of 2000 m, there 13 hardly any prospects for
o1l and =<as accumulatien {Wright a% al., 1985).
"Chatellier and Slavin (1988) olassified the Iullemm~den
Basin ameng the compesite and cemplex multicyocle basina
"~ 1n which new field wildcat wells (NFW) were drilled but
| withesut any eil and gas discoverisa, but noted that
meat of the basinas in thilas ocategery are under-axplored,
However ether minearalas netably uranium, phesphate and a
hest of ether industrial minerals including limeatene,
kaelinitio olays, gypsum and salt eccur widely through-
sut the basin (Keghe, 1981; Wright 2% al., 1985)., 1In
addition metalliferouas depesalts of 2zine, lead, are
repsrted te ecour in rather amall guantlties compared
to basemant tprnanes.
2.3 D1Lﬁ1l1ﬂ_Q31lJEI*II_Ihﬂ—ﬁlkﬁllnﬂﬂﬁin
| The southeastern secter of the Tullemmedan Basin
13 kneyn lecally in Nigeria as the *Sekoto Baain' er
meEre appropriately the 'Soketoe Embayment!' {Aban,

persenal oommunicatien),. The geelogy of this ssctor
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has besn studied in more detail than anywhare else in
the Tullemmeden Basin, Netable am.né these studies in
this ceniary are those of Falconer (1211), Raeburn and
Tattam (1930), Janes (1948), MaCurry (1978), Ajlibade
(1976), Rahaman (1976), Grant (1978), Keghe (1979,
1681) and Turner (1983). The gensaral nature of the
. fermatiens in the basin and their struotural relation-
ahips pregented here 1s oeonly a suﬁmary that is
"necessary Iin the interpratatien of gravity and magnetic

data.

Figure 2,2 {8 a 2implified version of ths gecle-
gicai map of the basin. The geolepical structure se far
mappad appears fairly simple = a Precambrian Basemant
Cemplex of gneisses, granites, phyllites and quartzites
ferm the Tfeundatien eof the basin sn which 1ie the
Cretacecus and Tertiary ssdimentary rooks, The basain
consista predeminantly of a gently wundulating plain
eccaslenally interrupted by low mesa., The regienal dip

i1s geantle and i3 genarally nerthwestwards.

Since the pionsering work of Falconer (1911),
there have besn thres different detalled stratigraphi-
aal aqlesasaifioantiona ef the esadlimenta in tha arsa.
These are thase of Raeburn and Tattam (1930}, Jenes
(19h8) and Kegbe (1981}, The latter werkers have all
reviewed and improved en the detalils ef tha stratigra=-
phical sucoesslens as lald dewn by the earlier workers.
Accerding te Jenas (1948), the depositional history ef

the sedimenta eof the basin ocan he summarized as follows:
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14 A centinental peried represented by the Ille
and Gupdumi Fermatiena, These beds are preba-
bly lower Cretaceeus and are certainly
younger than Cenemanian,

2. A marine peried commencing in the Maastri-
chtian and centinuing inte the Eeocene,
during which the Rima Group and the c¢lay-
shale and calcareeus groups (Eecene) were
laid dewn.

3. A mevement of elevatien (Alpine Oreogeny),
prebably in late Eocene times leading te
the retreat of the sea and accompanied by
gentle felding.

4, A centinental peried represented by the
Gwandu Formatien whiah is prebably of Upper
Tertiary age.

The mest cemprehensive atratigraphical successien
by Kegbe (1981) pertrays a geolesgical history which is
applicable te a large part of West Africa - a sequence
ef twe centinental perieds separated by a Cretaceous-

Eecene period of marine transgressien(s) (Table 2.1).

2.3.1 The Basement Cemplex

The entire basin is underlain by the Basement
Cemplex whieh 1ineludes all recks elder than the late
Preterezeic (MeCurry, 1976). The Nigerian Basement
Complex lies within the Pan-African Mebile belt of West
Africa and 1is believed te have a polytecto -
metamerphiec nature (Oyaweoye, 1964; MeCurry, 1976;
Grant, 1978) and censequent metamerphiam, migmatizatien
and gneissificatien have extensively medified the
eriginal recks. Three majer rock successiens are

distinguishable (Odeyemi, 1988) and these are:



Table 2.1

Geolegical sequence in the Sekete Basin
(after Kegbe, 1981)

Ape Formatien Group Environment
Ouaternary Sandy drifta, = =-ce-- Continental
latarites
Fecene-Miocene GCwandu Formatien "Continental- Continental
Terminal™
e mmmm——em=== U N e o N formnity-—-—<ececarane- ——————— —-——
Primary Oeolitic-
Late - irenstene Sekote Greup Marine
Gamba Fermatien
Palescene KFalambaina Fermatien
Dange Fermatien
Wurne Fermatien brackish-
Maastrichtian Dukamaje Fermatien Rima Greup water with
Taloka Fermatien brief marine
intercalations
- U noeceoen f o rm i t y - - - -~
Late Jurassie Tl1le and
te earliest Gundumi "Continental Centinental
Cretaceous Fermations Intercalaire”

cmmmmeemmmemm=== 8 J 0 r " neeoenf oermity—conconcnnu=

Precambrian

Basement-—-Coempl e x




(a) & polyeyeclie erystalline complex of
migmatites and gneisses which are the
deminant recks, The evolutien of this complex
is believed te have started during the
Liberian Oregeny (2,800+200 Ma).

(b) The metasediments and metavelcanics whieh
ferm the appreximately N-5 trending schisat
belts, The peried of 1initiatien of the
sedimentary procesas leading te the depoesitien
ef these successlens had until recently been
assigned selely teo the Pan-African Oregeny
(600 &+ 200 Ma)., Recent werk by Ogezi (1977),
Grant (1978), Ajibade and Wright (1088),
among ethers hewever indicate that part of
these sediments may have feormed in the
Kibaran (1,100 &+ 200 Ma) times.

(o0) The Older Granite series which beleng to a
suite ef ayn- te late tecteniec granites and
granedierites that marked the intrusive phase
(700 - 500 Ma) ef the Pan - African Orogeny
in Nigeria, These graniteids intrude beth the
migmatite ~ gneiss oemplex and the schist
belts variably and are widespread in ether
parts ef the Nigerian basement and the Pan
African Prevince of West Africa.

2.3.2 Pre-Magstrichtisn Depesits

The Ille and Gundumi Greups are lateral
equivalents belenging te the upper part of the
"Centinental Intercalaire” ef West Africa (Keghe, 1981;
Wright et al., 1985), They beth everlie the Precambrian
basement uncenfermably, and are beth ef fluviatile and
lacustrine erigin, Beth greups are belieaved te be the
eldest unmetamerphersed sediments in the basin. The
heavy mineral assemblage in them indicates a high gradas
metamerphioc erigin, the seurce being censidered te be
the Basement Cemplex (Precambrian) recks in the

adjeining parts ef nerthwestern Nigeria (Kezbe, 1979).
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The 1lle Group censists of coress-bedded pebbly
grits, sandstenes and clays (Jones, 1948; Kegbhe,1981).
The greup includes a band ef piselitiec and nedular
clays and centains silicified woed but is otherwise
unfessiliferous, Laterites and lateritic irenstones

ferm a resistant capping en tep eof the grits,

The Gundumi Greup is alse an unfessiiiferous set
eof false-bedded clayey gritas and clays, with basal
cenglemerates, The clays and grity sands represent the
varieus c¢hanges in the dynamie cenditiens prevailing

within the depesitional environment,

2,3.3 The Maastriohtian depesits

The secend phase in the depesitienal histery ef
the Soketo Fasin sediments started during the Maastri-
chtian when the marine Rima Greup was depesited uncen-
fermably en pre-Maastrichtian centinental beds,. Three
fermatiens namely Taleka, Dukamaje and Wurne
Formatienas have been identified te beleng to this group
(Kegbe, 1981). Prinecipally these fermatiens are
cempesed eof fine grained sandstenes, mudstones and
celays 1in whioch 13 intercalated an impertant band ef

shales and limestenes,

2.3.4% The Late Palaseegene Depesits

The late Pal®ecene zediments called the Sokete
Greup was the next in successioen, and is made up of the
Dange, Kalambaina and Gamba Fermatiens, These

fermatiens ferm an eutorep band abeut 20 km wide near
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|
th§ :blrder with NWiger Republie, but which narrows
rapidly southwards and almeat pinohea out at Jega
(Figure 2.2). |
2.3.5 The Eecene - Miecens Depesits -

The set of grits and massive white olays with
saﬁdat-ne and mudstene intercalatiens which overlies
the marins Sekete Greup beleng te the Gwandu Greup
{BPrynmer, 1948 Kegbe, 1981). Theas sediments eutcrep
axtensively in Niger Republic and nerthern Benin, wherse

they are referred te as "Gres du Meyen Niger™ and have

|
beaen ocerrelated with sedimants of Miocene -~ Pliocene

age in Central Afriocoan Republio and 1in Mauritania,
where they are knewn as the "Continental
Terminalin, The nen-marine erigin is nertain and the
sediments can be attributed te a lacustrine environment
(Kegbe, 1979, 1981), | . . . o L
' _[ : . - . h o
2.3.6 Ihe Lateritio angd Ferruzigsys Depesits
| Capping the sediments ever extensive areas of the
baszsin ars ferrugineus depesits whiach have beaean
subdivided inte thres majer groups namely; ferruginsus
selites, arusty - cenoretienary laterites, and ferru~
gineus sandstenes (Kegbe, 1081%1), These greups ef
scedimants wheses osoourence Iis wideaspread in tha
Tullsnneden Baslin are gensrally ocensidered te be of

primary erigin, and attain a thickness of bstween 3-5 n

in the Sekete Basin area.
|
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2-3.7 MM—Q
| In the Seketo Basin the Basement Complex and 1ts

Qupracrustal cover eof Yeunger Metasediments vers
subjected to twe phaées of ¢tight i1secllinal felding
during the Pan African, which are resapensible for the

N~38 trending structures cemmen eover much e¢f Nigeria

- {Malurry, 1976}. A series of transcurrent faults have
’_alaQ besn observed te affect the basement  rocks
adJJihing the baain, Uright (1968) and Ball (1980)

| have beth identified a asystem ef NE-SW and NW-3E

;< I coenjugate pair eaf fractures which exist sesverywhers
within the Pan African Moblle Belt, Wright (1976}

suggeszted that theses fraoture systema represent

impertant lines ef weaknsss in the centinental crust

and aould ba loeci of ecenemic mineralizatiaen. Ball
(1980) attributes this cenjugate strike-slip system to
brittle dafermatien durling the latter part ef tha Pan
Afiioan eregeny. He argues that the geeometry is very
censistent over large areas and that this may infact be
refleating the atresa fileld eperative during the
indentatien of the Pan African Mebila Belt by a mere
rigid West African Craten. The sediments ln the basin
vare net subjected te any remarkable degree of faulting
as enly sons WSW =~ ENE trending faults have beaen

ebanerved in the vicinitiss ef Dange and Giibedi

villagen (Xegbe, 1981},
f
o
o
]
|

N
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2,3.8 Eqenemiq Geelery

The meat importaﬁt ecenomlia dep#sits.in ﬁh& Sekote
Basin are c¢clays, ironstenes, laterites, limestones,
gypsum and gravels, Others include lignite, phesphates.
and salts, and the presence ¢f radisactive minerals is
alss prebabdle, o |

The occurreﬁce af lateritlie and ferruglinized
sandstene is widespread threugheut the basin, and these
have been utilised mainly for road construction
purpeses, Limestone dapoemsits from the Palmoocens
formatioens around Sekete ars already being uvtilised fer
the manufacture of cement, Also gypsum, which 1ia an
essential Ingredient 1in the manufacture o cement
egaurs scattered within the Dukamaje and Dange ahales,
The Rima Greup eof sediments ias rich in gravels, lignite
and salt depoaits. Meat ef these mineral eccurrences

are yeat te be investigated in detail.

' .-The aquifers within the basin previde .tha .énly
sourae &f water fer the inhabitants during the 1long
(Dectober - May) dry seasen. A zone af permanent
saturatien has been established teo be centinuous
threugheut the basin and at shallew eneugh depths te bae

.reaohed by the 1lecal shafts (Jenes, 1948)., A
¢onmprehensive lnveatigatien ef these saguifers has been
embarked upen by a cellaberative effert of the GSN and
-sther internatienal gevernment agenciss and theses
efferts are centinuing up to the present time (see fer
example Ogilbee and Andersen, 1965; Oteze, 1976 and

JICA, 1989),

|
}
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CHAPTER THREE

DATA REDUDCTION

GRAVITY DATA

N
3.1 Intreductien

The gravity daﬁa was obtaiﬁed during three
separate field trips undertaken {in February 1986,
January 1987 and Way 1987 reapectively using a LaCoste
% HRemberg Mepdel ¢ gravity meter #G=-346, Station
elavations were determined alongside the gravity
measurements. bf meana of three Wallace and _Iiernan

meadel FAT81 aneroid altimeters,

[ ) . ) ) :
The readinpgs ebtained from gravimeter measure-

ments at statiens are usually in arbitrary units (scale

 read1hzs), and represent gravity differences botween an

arbitrary reference polnt and the field statiens. Alse
these readings centain the effect of all masses of the
A
eartﬁ's body, a2z well as the effect of the earth's
rotation., BHefore such readiangs ean be put to uvase, such
as for geodatic, gseelogic, and geophysical invesntiza-
tions they must bLe ceonverted teo gravity values 1in
milligals, brought te a apecific standard,. ”a;d
corrected for varicus large scale influenaomss (on the

measured valuesa), such as those due to the earth's

rotation and flattening, which would stherwise mask the

~desired affects resulting frem density variatiens 1in

the upper layvers eof the earth,

¥
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3.2 Cenversion of Instrument Readings te Gravity Values

The observed instrument readings were converted
te gravity values using the calibration tabhle contained
in the . Instruetien Manual for the LaCoste & Romberp
Medel G gravity meter =045 ( 1976). Tha entire
calibration table was read in as data inte a cemputer
pregram written by the auther which cenverted all the
counter readings te their corresnending gravity values

in milligals.

The gravity values are then brought to a specifice
standard depending en the use to which the results will
be put, Fer regional surveys such as this, 1t 1ia
necessary to make the data/results compatible with
sther surveys. The values were thus referenced to the
Internatioenal Gravity dtandardizatien Net 1971,
(IGSN 71), via a tetal of five first eorder gravity base
statiens of the Primary Cravity Netwerk of Nigeria
(0sazuwa, 1985), which were in turn linked with the
IGSN 71 FKaneo base station (Number 9551,3), having an

abselute gravity of 978120,773 mCals (Osazuwa, 1985),

3.3 Latitude Cerrectien

The measured gravity always comprises of a syste-
matically varying part which reflects the figure of the
earth and a part relating to density variationa ef the
upper layers eof the earth (the ebject of most gravity
surveys), The systematically varying part 1is a

consequence of the increase in gravity frem the equater
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te the poles caused by the retation and flattening of

the earth,

The gravity at zea level at any latitude is given
b} tha }nternatinnal gravity formula, Changesn in the
values of certaln parameters of the reference ellipsoeid
in the internatienal fermula, such as the equatorial
and pelar radii, have led to the zdoptlen of slightly
differant formulae over the yearé for the computation

ef the normal gravity. These include:

1930 Internatieonal Gravity Fermula (IGF):

Yy = 978.089(140.0052a1in ¢ =0.,0000059sin 2¢) ...3.1(a)

1967 Ceeodetic Referenoes Syatam (OGRS 67) Fermula:
¢=978.031846(1+40,005278893in ¢ -0,00002346231in ¢) 3.1(b)

and 1980 Geodeiio Reference System (GRS 80) Foermula:
$2978.,03267715(140.00530248in® -0,0000058ain 2¢) 3.1{e)}

wheravw i{s the gravity value 1n Gals at letituds ﬁ.

Te ensure cumpatibility with ether survays in
the eountry, the 1967 Geodetic Reference Syaten
(GRS 67} feormula was used to reduce the data feoer this
survey. The caloulated valua knewn as the theeretical
gravity value or nermal gravity is usually 3ubtracted
from the observed gravity in eorder +to obtain the

gravity anomalies,
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3.4 Ensﬁiz.ﬂzdmﬂm

iravity stations on land are usually at

elevations abave sea level, The gravity value at such

. astations -are thusz lower than the sea-level values

because of the deorsase ef gravity with elevation. In
free-air reductien, observed gravity at elevation h is
reduced to 1ta sea-level equivalent on the assunption
that tepegraphic masses are dlisplaced vertically doun
te zea level. The reductlen is in effect the dirferance
in pravity on the geoid and at elevation h in free air.
The reduction i3 given by the expressien

F m

vhere g iz a mean value eof gravity ever the earth; h
m

is the elevatien above sea leveal, and r 1is the earth's

radius. The second term glves approximately 0.3 mGals

for an elevatian eof 2 km, and was thus emitted as

elevations were not abeve T00 m (Dehlinger, 1978).

Fer greater accuracy, the slight decrease of the
vertlical gradlient of gravity with latitude was net
neglected. When this varliatien i3 taken inte account,

the free-air reduction {(eqn. 3.2) beceomes

. , , |
6p= (0.30877-0.000483in?® )h~0.073H : ees 3.3

whare ¢ 13 the pgeographie latitude, h i3 the elevation

In meters, and H iz the elevation in Kkilometers

(Heiskanen and Vening-Meineaz, 1958).

) =2g (h;r}(1—3/2(hf’r)+ .-...) e n e 302
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3.5 Beuguer Reductien
Gravity is increased by the attraction of the
mass between the station elevation and the datum plane
(uaually‘ the sea level). The vertical component of
attractien exerted by this mass 1is the Reuguer
reduction, whieh 13 wusually subtracted from the

oebserved gravity to raduce the value te sea level,

Attractiens preduced by masses above sea leveael
can be approximated en three different assumptions
namely:

1a the simple Bouguer reduction - in which the
mass above sea level is represented by an
infinite horizental slab whoese thieckness 1is
the height of the station above the datum.

ii. the Bouguer reduction with terrain correc-
tiens - in whiech the tep surface of the
herizontal slab has the shape of the
surreunding terrain.

iii. the expanded PBouguer reductien - in which a
slab, whose upper surface represents the

actual terrain, has the curvature of the
earth,

The simple Peuguer reduction was applied with an
assumed average crustal density of 2.67 x 10 kg m
fer the slab. ITn cylindrical coordinates the reductien
for a slab ef constant density (with oerigin of

coordinates at the station) is given by

(Dehlinger, 1978)

4 20 h o

BS = Gpg é é ardrdzdo ces 3.0
st —
(r* % 32) 3/2

OCn integration this yields

Sgs = 2nG h ves 3.5



in whiceh b, the slab thickness, 1is the statien

elavation eor heigpht above the datum and G 1is the
gravitational constant. However the effect of the
herizontal slab of thickness h was replaced by that af
a apheriocal sesment of inner radius R, equal to the
sarth's mean radius, and external radius (R+h), and
bounded by a cone of spherical radius =17 2g9* 58!
{whiech o@orresponds to the external radius of Hayford's
O,~zane), hence the reduction was further medified by
the Bullard's termn

+ + 0 -
B = 2MGch (R+h)Cos b ce 3.6

JRE + 1224+ % 2 (R4h) RCosO]

3.6 Other Cenrsctiens
" Same environmental faoctera alse affect the
gravimeter and gravimeter readings te .an extent that if
these are neot corrected far, the aoccuracy eof the

gravity measurements will be severely reduced. These

include:

3,6.1 Iida) Effect

The attractien ef the sun and the meon en the
eﬁrth walkkms tha force of pravity at a point en the
sarth ta vary with time and latitude. Goguel (1958),
shéwed that the necessary tidal eerrectien c¢an he

axpresged as

e = P+ N cosp(cos ¢+ sind) + & coes¢{coes ¢ - sine) .. 3.7

where P ias the correction required at the poele and 1ia

uaually ignered in gravimetric proaspecting

measurements, and¢ ic the latitude, The guantities H and
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S are corrections at latitudes u§’”'n and U5° 8
respectively. These are givep on a daily basis at
heurly intarvals te an acouracy eof 5 wnials in tables
published vearly by the Eurepean Associatlen of
Expleratien Geophysialsts, Linsar interpelations were
carriad out to ebtain intermediate values of N and &
between their hourly vaelues, Alse the effect of the
deviation ef the laoangitude of the gravity astatiens fron
the oentral meridian of the time zone (15° E  for
Nigeria) was 1incorporated in the cerrectien, A
subroutine written by Osazuwa (1984), was wused to
compute the tidal cerrectien o, with the aid of Tidal
Gravity Correctiens tables for 1986 and 1987 (EAEG,
1985, 1986); and the cerrections added to the ebserved

gravity values in erder te eliminate the variation due

Y F1A01 afFfanto

2 Drift Cerrecgtien
All gravity naters are known te have saeame drift
er time variatien arising from smalil mechanical changes
in thg instrumentsa' springs and asseciated meuntings.
These variatioens called meter drifta, produce
measurenent arrers which can be large cenpared with the
grévity variatioens of intersst, Conaequently the
gravity measurements were made in 3uch a way that
correctiens can be made for meter drifts, MHeasurements

aleng a traverse began at a base atatien, and this bage
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statien was revigited after a short interval (not
exceaeding three heurs), 1in erder to moniter the drift

behaviour of the inatrument.

A llinear drift was asnsumed in each interval, and

'L | the drift rate, ., was ocenmputed using the formula:

yoe (8A2-8A1) - (802 ‘gOI) .. 3.8

.;,lwhenegﬂz and Al are the absolﬁte gravity values
' at the terminating stations of the leop, and By, 804 g
are the cerresponding ebsarved gravity valuesz at those

| statiens at times t2 and H respectively., To rafer
~any intermediate ebservation made at time ts toe the

time t,, the required drift cerrection is given by:

68 = .p(ts - tl)

An algorithm develeped by Osazuwa (19B3) which carries
eut the drift cerrectien was used te correct tha meter

raadings fer drift.

" 3.6.3 Terrain Cerrectien

I This cerreaction whioh allews fer  surfage
irregularities 1in the vicinity eof the gravity station
reguires a reod topographic centour map of the survey
area fer its cemputatlen. The terraln cerrection was
net oarried eut in this survey hecause there wus ns
centoured topographic map for the area. However using
the elevatiens ef the gravity statlons, terrain

oerrectien was attempted for seme of the statliens but

3.9



it was feund that the contributien to the Bcuguer'
anemaly froem this facter, out te zone M of ti Hammer
terrain correctien chart, (Hammer, 1939} wis zero
~because of the small slevation differences. T:4u8 the

.'g-terrain in the viaeinity of the gravity statiosns was

ecensidered generally flat, so the simple »ievatien
.. earpectien applied i3 assumed tp provide 1dequate

B compensation fer topegraphic effects,

3.7 Gravity Anemalies

' When the observed gravity has been coriccoted for
the effects of the environmantal factors list«c¢ above,
twoe basic gravity anomalies are recopgnized 11 these
are distinguished by the gravity reductiens vi tech has

been applied te the ebserved gravity g}) . Thet s are:
nNnug .

1. ther Free-air anowaly - obtained when tlie fre. - iir
reduction has been applied ta tlie observed grevity and
this is defined as

QEF=(gObS+5F)“ ‘Y¢ v ) e 3.10

ii. the (simple)} Bouguer anomaly - obtained wlhen 3 uguer
reduction combined with the free-air reduction and
terrain correc.ion, (where applicable) are aps led.
This ig definsd as -

bgpe = fg, + 8p = (8pq + B)} -

BS To .. 3.1

A third anemaly, isestatic anemaly, 13 alase
distinguished mailnly in large scale gravity surveys
when isestatic ocorrectien has been applied to acceunt
for large scale density variations within the carust.
In this asurvey, this cerrection was not appli~wxbaeause

of the generally flat tepography and the 1rrlatively
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2
small area (approximately 67,500 km ) covered by the

survey.

The gravity anomalies, (equatiens (3.10) and
(3.11)), resulting frem the data reduction exercise are
usually presented as maps of gravity isocanomalies,
Manual preparation ef such maps can be very subjective
and time-consuming especially if the station density is
net adequate, On the other hand, graphical precesasing
of geophysical data by means of a cemputer 135 often
based on a set of values of a function at peints en a
regular grid, The function which in this case is the
gravity field anemaly f(x,y), ¢an as in mest regienal
surveys be distributed {rregularly, thus necessitating
an eperatien which has been labelled ‘'regularizatien!'
er 'gridding' (Baranev, 1975; Patersen and Reeves,
1985). A seftware package from the Gelden Software
Inc, of the United States of America was utilised feor
gridding and conteuring ef the gravity data en the IBM

PC/AT te produce the Beuguer anomaly map (Figure 3.1).

3.8 Agouracgy ef the Beuguer Cravity Apemaly

Several faoters which could intreduce erreras in
the computed Beuguer anemalies include the completeness
of the fermulae wused and the cerrectness eof the
numerical values ef the censtants eccuring in them. Fer

example there could be

error in the calibratirn factor of the instrument used,

it. error due to non incorporation of terrain correction,
and
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Fig. 3.1 Bouguer anomaly map of the survey area. (Contour interval

2 mGals)
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111, error due to wrong essumption ¢l mean crustal density
for the Bouguer correction.

The calibration facter ef the modern LaCoste & Romberg
gravity meters depends enly on the quality of the
naaaurin& screws and the lever aystem, boeth of which
are accurately calibrated ever their entire range
(LaCeste & Romberg, 1976). Thus the calibratien factor
dees net change perceptibly with time, which eliminates
the need feor frequent checks ef calibratien (LaCeoste &
Remberg, 1976). Any errers arising frem this factor are
thus theught to be negligible., Similarly errors due te
non 1incerperation eof terrain cerrection are censidered
insignificant because of the reasens adduced in sectlon
3.6.3. With reapect te the third facter, an assumed
average crustal density ef 2.67 x 107 kg m> was used
fer the Bouguer cerrectien, while the measured mean
density ef the basement recks was 2.70 x 107 kg m> .
There was thus a difference eof 0.03 x 10° kg m~J
betweaen the assumed and 'actual' values which fer the

elevatien range of 313 m ever the area could centribute

a maximum errer of abeut 0.39 mGal.

In additien, it is necessary teo assess the effect
of randem errers of the parameters of the fermula, the
values eof which are determined separately fer each
gravity statien. These parameters include the measured
gravity value g, the geegraphic latitude §, and the

statien elevatien h.

Frem repeated readings eof the measursd gravity at

a number of centrel statiens, it was found that the
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gravity value at aﬁy statien 1s accurate to within 0.11
mGael, The gravity statious were pletted on a 1:500,000
base map te an accuracy ef #500 m because of the
difficultias discussed 1n seatlien 1.4, and the
latitudes of these statiens were cbtained by super-
impesing a.rﬁgular grid sn the base map and this could
be {in earror by as much as 250 m, Thus the tfotal
poaitiﬁnal_ serror of abeut 750 m at esach statien would
intreduce s marlimum error af 0.28 mGal in the gravity
value if the errer eccurs in a N-S5 direction for a
statien at the mest nertherly latitude ({13.75° N),
Inaccurate determinatien of astation elavation is often
the majer ssurce of error in any gravity survey,
e#specially when station elevatisns are detsrmined wlth
altimeteras,. In this survey all necessary precautiens
were taken te reduce the level of errer in station
elevation by ensuring tiesa te survey benchmarksa
soatterad aleng reads In the survey area. It was thua
pesaible te determine the elevatien of most ef the
gravity statiens te an agcuracy ef +3 m, The maximun
érr;r: in the Bouguer anomaly due te this elevatien
inaccuracy amounts to abeut 0.6 mGal, Using the same
gltimeters 1n a different survey 1in other parts eof
nerthern Nigeria Verheijsan and Ajakaiye (1980) reported
an inaccuracy ef +5 m in statien elevatien; which is
about the same order of magnitude as feor this survey.
Taken together, these different sources of errer would
thus 4intreduce o standard errer of abeut 0.78 mGal 4n

the value of the Bsuguer anemaly at each statien,.
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Sa nigus

Gravity anemalies e¢f interest 1Iin geephysical

~ expleratlen surveys unsually result frem variations in

denaity eof materials within the uppermest 5 km of the
earth's crust (Grant and West, 1965). Thuz an acecurate
detarmination eof the densaities of near surface rocks
Wwithin a survey area ferms an essential cempoenent of a
gravity survey especially when quantitative interpreta-
tlon of the gravity anomalies is to be atteupted. Te
this end, rock samples were collected both during the
gravity measurementz and 1in a aseparate fieald trip
undertaken after the gravity measurements and deveted
selely to reck sample ceollection for laberatory deter-
minatien of avsrage formatien densities. Samples wers
ugually knecked off frem eutareps aleng gravity
traveraas and in special cases samples wersa ehtained
frem quarpies and cuttlings at the type lecalities ef
the sedimentary fermatiens, asuch aa at the quarry eaf
the Cement Factery at Kalambalna near Sokote, the local
gypaum mining pits at the eutskirta of HWurne villags
eand water-well) diggings at Dange village, A total ef
196 reck samples were cellected and identified frem the

whele arsg; 64 frem the basement recks ef the adjoining

- achlist belt regien, and 132 frem the thres main

sedimentary sequences that filled the basin in the

survey aresa.
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3.10 Methed ef Density Determinatien and Analysis
The bulk density o eof each reck sample was

estimated using Archimedes Principle

L 3.12

where H; is the weight eof the sample in air and ﬁ, is
the weight ef the sample when fully immersed in water.
Using a Mettler Balance model P515 with an accouracy of
1.0 X 10 kg beth the dry and wet densities were
determined, and the mean of these twe was taken as the
representative sample density. The mean dansity and

standard deviation were then computed for euch of the

ma jor rock types as depicted in Table 3.1.

Fer purpeoses eof quantitative interpretation the
ebaerved mean density of 2.70 x 10 3kg > was adopted
as the 'true' bulk density ef the migmatite-gneiss
complex which i3 censidered to be the hest rock of the
basement cemplex in this regien. Other reacks of the
basement complex whese outcreps ceincide with gravity
anemalies ef interest are the Older Granites and
phyllites, The O0Older Granites were alse assigned the

ebserved mean density eof 2,64 x 103 kg m"J, but for the

phvllites the observed mean density ef 2.58 x 103

kg w , coeuld net be used because eof the highly
fractured and weathered nature eof the samples which
yielded thias lew mean value, Alse Figure I.5 revealed a
positive residual aneomaly (ne. 5) at the 1lecatien

vwhere this phyllite is outcropping. Thias suggests that

the density ef the phyllites at this lecatien is higher
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than that of the host rock which is the nipgmatite-
gnelss oemplex whese density was .pa ebsarved te De

—-—

3 3 -

2.7T0 x 10 kg n . Thus a density af 2,78 «x 10 kg n 3
, whieh‘ ias the upper limit of the measured range of
densities fer the phyllite samples (Table 3.1), was

eonaidered to be a mera reaglistioc density for the

phyltiteasa and utilised fer the quantitative

'”Q interpreatatioen,

© The adepted denaity values are cemparable with
these determined for similar rock types in ether parts
" 9f the schiat belt of nerthern MNigeria, such as Udensi

et 8l, (1985) whe ebtained a value of 2,63 x 100 kg n3

3

fer the Older Granites, 2,70 x 103 kg m ~ for gneisses,

H -3

2,70 x 103 ke m_jfor migmatites, and 2.78 x 15 kg m
fer fresh phyllite samples ebtained frem a quarry
blast,., Alse Candu st al. (1585) ebtained a value of
2,63 x 103 kg m-3 for the 0ldar Granltes, 2.78 x 103 kg
m > fer the sohiats, 2.6% x yo3 ki n®  for the
migmatites, and 2.70 x 103 kg m"3 for the gneisses.
'Similar results have also been reported by Adeniyi
(1987) and Oladesu (1987) in ether gravity surveys

within the baszement bleck of nerthern Nigeria,

Fer the sadiments, tﬁ; difficultiaes pesed b?”the
wiﬁesﬁread lateritic ocever and the uncenselidatad
nature of seme eof the samples cellected, made it
unrgalistic to aaslgn aeparate denzsities te the varieus
formatlenas mapped in the basain. The Xlle Farmation, fer

example did nat outecrep in any area coverad by the
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gravity stations because of this lateritic cover, and
as such ne samples eof this majoer fermation was
ebtained, Kogbe (1979) reported that all the sediments
within the basin were very shallew; the estipated
maximum thicknesses ranging frem 350 m fer the Cundumi
Foermation te just 84 m fer the Gwandu Feormation, It
was therefere considered more reasonable to adopt a
single mean density of 2.3%4 x 10° kg m~> , which was
ebtained frem all the samples fer the qguantitative

interpretatioen.

This mean value of 2,3) x 10° kg m~3 appears low

] kf’: m"]

when cempared with a density of 2.51 x 10
ebtained by 0Oje and Ajakaiye (1976) as the mean density
fer the sediments in the Nupe Basin, gnd 2.52 x 103 kg
m obtained by Osazuwa et al. (1981) fer the Gombe
sandstene in Upper Benue Treugh. Also Ajayi and
Ajakaiye (1981) published values ranging frem 2.42 x 107
kg m-J te 2.56 x 103 kg m_3 fer the Cretaceous
sandstenes ef the Benue Trough. No estimates of the
density ef any shale samples were reperted in any of
the references cited abeve, but Grant and Vest (1965),
gave a very wlde range of between 1.93 x 163 ke m-3
and 2.72 x 103 kg m-3 fer shales pgenerally, The shale
samples eof the Rima and Sekete Greups and ¢the =silty
sandsteone and iroenstene samples ef the Gwandu Formatien
were in a highly unconsoiidated state and their
observed densities in Table 3.1 were thought te be low

and net truely representative e¢f the densities eof these
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pormations at depth.  Thus when the densities of the
shale and gwandu sandstene and irenstene samples were
exciuded, the mean denslity of the ramaining samples
beeame‘z.ss X 163 kg m—3 , which was alse utilised 1in

the guantitative interpretation to produce the

alternative mnedels.
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MAGNETIC DATA

3.11 Data Seurce

The Geological Survey of Higeria (GSN)
commissiened Hunting Geology and Geesphysiecs Ltd of
Canada teo carry out airberne geophysical surveys of
parts of the country, including a low-level
aeromagnetic survey for which flying was cempleted 1in
July 1975. Final coentour maps of the total magnetic
intensity were produced as part eof GSN Airberne
Geephysical 3eries in 1976 en a scale of 1:100,000 in
half dergree by half depgree sheets for the Sokete Basin

area,.

Thirty ef these maps covering the entire baain
lying within the area beund by Latitude 10.5 to 14.,0° N
and lengitude 3.§’to 6.5 E were acquired for this
p oject by kind permission of the Geological Survey of
Nigeria, Freom these maps it was deduced that the
neminal flight altitude was 500ft (152.4 m) above
terrain, while the nominal flight line and tjie 1line
spacings were 2 km and 20 km respectively. Over the
Sokote Basin the flight 1line directien was mainly
150°7330° while the tie line direction was 60°/24%0° .,
Regienal correction wvas based on IGRF (epoch date 1st
Japuary, 1978), It i3 eof interest te note that the
erientatien of the flight 1lines {13 approximately
perpendicular to the NE-SW strike of the basin, and as
such the most accurate and useful picture of ¢the

magnetic anomalies ever the region weuld be obtained.
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3.12 Cempilatieon
The compil?tinn of the cnmposita magnetio anomaly
~map ef the entire baszsin was based on the thirty EO::EO
centeur maps of total mampnetie intensity mentiened
abeve. The recovery of digital data from the ocentour
maps included the follewing operations:
1. disitizatien, |
2, gridding/interpeolatien,
3, recentouring, and
Sl 4, merging. _ _
.3.12.1 Digitizatien: The magnetic iaeline 1nterceot$ aleonz
o every flight line on each map were digitized wusing a
cemputer pregram Aerodie (Dyrelius, 1983). On the
click of the merse, the program automatiecally recoraa
the fleld value at each intercept together with a
traﬁsformation ef the arbitrary ceordinates of the
digitizing table to gmographio onoordinatez (latitude
and lengitude}, The data thus generated are stored in
files by geagraphic coardinates and total field values,
as well as the map shest-numher and Flight 1ine numbef
fer easy reference, These files conatitute the basic
unita for the magnetic data bank. On the average shout
1,500 line kilemeters of aeremagpnestic data weras

analysed fer each full 4% % %7 shest,

This methed was considered to be Lhe .most
accurate way eof recevering the eriginal toetal fimeld
data since the recerded digital data 1s not available
(Deds et al., 198r7). It is an erder of magnitude more

accurate than the methed of super-~imposing a regular
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grid on conteur maps which was usged by earlier workers
(Tunyi, 1984; Ajakaiye et al., 1985, and Nwoezbo, 1287).
The latter methed uszually invelved a 1ot of manual
interpelation and {3 c¢onsequently mere ouvrone to

computational errors and definitely more laborifous.

3,12.2. QGridding: The data from each sheel waa transformed
inte a regular grid using a computer program Interpol
{Klingele and Dyrelius, 1972), which is based on La
Pertet's method of regularization (Baranov, 1975). The
basls for the method iz parabelic interpelation, and a
detalled disoussion of the metheod is given in Appendix
A, & search radius of 0.1 latitude degree (11 km)

.waa used, and the grid size was 0.071 latitude degree
(1.1 km x 1.1 km) thus creating a 51 fow by 51 ¢elunmn
grid er appreximately 2,600 grid positiens for each
~heet, A tolerﬁnce of ten percent was allowed for grid

peint values beforea masking.

In erder to ensure that the data at the besundary
of adjacent sheets are conpatible (a necessary
condltion fer a sucpessful excution of Lhe next stage),
it was necessary te inelude part of the data frem all
aurrocunding maps in interpalating near sheet
beundaries, An extra margin of 0.15 latitude degres
{16.5 km) was included frem adjacent sheets at each
beundary. As can be seen froem the 1llustratien in
Flgure 3.2 the input te the interpolation pregram for
each map thun comprised data frem a tetal of unine maps.

The actual data utilised are these aontainaed within the
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0.8 x 0.8 degres dashed rectangle. In this way it was
enaured that the laat rew/celumn in a sheet is
identical to the first row/ocolumn of an adjacént sheet

at all beundaries, and vice versa.

3.12.3. R. y ou” Ii The pgridded qeromagnetic data
o generated above was machine contoured using the pronran
Iserev (Klingele and Dyrelius, 1972). The map preduced
was compared with the original centour map, and any
errara/incensiatences resulting from either the
digitizatian or gridding of the data were corrected and
the map recontoured, Thia step was repeated until an
accurate map was repreduced, Different grid nlzes wvere
tried, and a comparlisen ef the differant centour maps
showed that the 1.1 km x 1.1 km mesh wius most sultable
for the purposs of proeducing the cempeasite map at the
dezired azcale as ne further details could be galned by

using a smaller grid aize.

3.12.%, Merging: The gridded data for the individual shsets
were then cembined into a master prid fer the aentirms
basin wusing a computer pregram Combin written hy the
author. The magter grid which represcent the total
intensity magnetic anemaly fiewld over ths hasin forms a
vital maznetic data bank for thia area. It is useful
for machine centouring ever a wide range of acales and
contouring intarvalas, and also fer gquantitative
analyses, because beth the digitizing and gridding
eperatiens ensured an accurate regovery of the original

tetal field datsa. A machine conteured compesite
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magnetic-anomaly map was then produced from this master

grid at a scale of approximately 1:900,000 and contour
interval eof 20 nT on a Calcemp elegtro-static plotter
(Med=l %5825} at the Department of Solid Farth Physics,
Uppsala University, Sweden., The map was then photogra-
phically reduced to the publication scale ef
1:3,000,000 (Figure 3.3).
The same data set was utilised on another
software packape Geopak on a Tektronix 4696 plotter teo
- generate a raster plot (Figure 3.4} at a scale of
roughly 1:3,000,000 directly. The raster plot is
essentially a variable back- and-white dencity rlat,
The format was chosen hecause density plats are leas
expansive and faster teo produce, With proper choice of_
centeur lavels, such plota have immadisnte viaual appeal
and deo net require olese examinatlion that centours de.
Alse when raestrioted to black-and~white format relative

magnitudes en the plets are more easily discernible.

3.13 pisguasien

The advantages of the composite nagnetic-anomaly
maps (Figures 3.3 and 3.4), and the repgional set of
digital data preduced by the precesnes discusaed above
are numersus and ebvious., One outstanding advantage i3
the facet that zuch a map prevides geoscientists with an
overall pleture of the structure of a large area, oven
though beundaries may be abscured by overburden, Such
mnaps reveal majer magnetie divisienr/previnces whieh

may net be recognized in the field if small areas are
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mapped, and is thus wuseful in mineral or 0il
exploration programs, The value of the compiled
compesite magnetic-anomaly map of the Seketn Basin is
bound te increase as mere data en the neology of the
basin hecome available. The task ef compilatien was
greatly facilitated by the fact that the flight
eperatiens ever the regien were uniferm, and as such
problems associated with adjustment of data to a coemmon

datum or elevatien did net arise.



CHAPTER FOUR
GRAVITY INTERPRETATTION,

4.1 Intreduotien
Twe main preblems have bean idantified in gravity
interpretation, and these can be summarized as follews:
i, the preblem of separating the effects that
- are asaseciated with geological featurea eof
intereat from thesas features which are net ef
interesat, and
14, the problem o¢f analysing the anemaliss of
interest once they have been separated frem
others (Skemsls, 1967).
The first problem is gommonly termsd regienal-residual
separatioen and is thus intimately related te the sscend
in that the anomalies of interest sheuld rirat be
isolated before they can bhe analysed, The secand
prehlem 12 concernad with cheoaing frem a large number
of pessible geophysical medels thoss whiech are meat
ocoompatible with geoclogical and ether informatien at tha
interpretar's dispesal. - N
/;{-l J:Jf»\ B { 5 f:[_ [ 5 1 DL‘:‘!.S‘%Q R Y
SR NGERR, VERSITY
4,2 The Bouguer Anomaly Map
' The Bouguer anemaly map, Figure 3.1, shews that
the survey area 1s characterised by negative Beuguer
anomallies in the range ef -~64 te -UZ mGals, with a mean
value of =51 mGals, Ne definite regienal trend isa
immediately apparent on this map, whioh is prebably due

to the affesct ef local shallow structures.

Within the basin area, the map reveals & number

of isolated relative gravity lews in the vicinities oef

55
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Koke, Birni Kebbl, Bedinga and Saben~Birni villages,
and these have besan nuﬁbered 'y 2, 3, and ¥ respec-
tively for easy reference (Figure 3,1), At the eastern
beundary aef the basin at Talata Mafara, there i3 a
roughly N - S striking relative gravity high which has
baen nunbered S5, A rather steep gradient of about 0,33

mGal rm~1

separates this anenmaly ne.5 frem ansther
gravity lew in the vieinity of Gusau tewn whish has
baen numbered 6, A similtar gradient 13 neticeable in
the northwestern corner of the map between gravity lew

ne.3 and an incempletely defined gravity high te the

noerthwest,

The relative gravity lews within the basin oould
all be due to increased thickness of lew density
saedimentary rocks at basement depressiens, The gravity
high that marks the eastern margin of the basin oeuld
be due te a high density reck within the adjeining Anka
Schist belt, while the low arcund Gusau 1s prebably due
to the Older Granite intrusives which are widespread
in this area, The ateep gradient could thus be
indicative ef a sharp contaot between the granltes and
the surreunding btasement rocks, A large pertien ef the
basin, especially nerth of Argungu and west eof Sekete =
. Illela read, ceuld not be adequately coevered by gravity

statlions because ¢f inadeguate read netwerk.
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4.3 Reglopnal - Residupl Separatien

B L Observed gravity anomalies usuélly represent the
ecentributiens from all anomaleus masses within a given
velume, frem the grassreots down te the core, It 1ia
often desairable to separate attraotiens ocaused by
reglonal featurea from these caused by pertinent 1loocal
structures, Thus the observed anemaly can be 3sub-
divided inte a regienal anomaly - repreaenting the
affects o¢f bread and deeper regional structures ef
little or ne cencern in the analysis; and a residual
andm#iy - rebresenting the effects of loc¢cal narrew
geolegical features with shallew origin and which are
often the ebject of gravimetric prespscting surveys,
Other definitiena of the terms regienal and rasidual
anomalies abeund in literature as neted by Nettleten

(1954), and Skeels (1967) ameng ethers, The residual

anemaly Ag is expressed as:
res
'ﬁg = ﬁg - ﬁ_“g . .. . ||34n1
res B
where A4Apg s the (simple) Bougzuer anomaly equatien
B

(2.11) and EE is the ragioenal effect.

" The estimation of the regional effeot 1is ef
critical 1impertance in gravity interpretatien in that
it determines what 1s left fer further analysis after
its subtractien frem the ebserved Bouguer anemaly. The
varieus schemas which have bean used in the past te

.estimata the regional effect have been categerised inte
two bread classes namely, the graphical systems and the

numerical/mathematical systems, and thelr operaters
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;commdnly Earefrad te Ias 'smoﬁthéra‘ #nd .'griddara'
respectively. Nettleten (1954) cencluded that nene ef
f these schemes provides a seund philesephical basis fer
1 separating vetential field inte regional and residual
_oomponents because eof the inherent ambiguity 1in the
' souroéé ef petential field. Thus an interpreter eften
has teo decide which of the local anomalies asn the
'.'Bouguer gravity map are pesaitive and whieh are

negative. o - -

In this werk the method of least sguares

- pelynemial surface fitting was used te estimate the

reglional effect. . An advantage of this technigue 13
that 1t makes Iusa of the original data points
themselves in estimating the regienal, thus eliminating
the influence of any oenteuring errers in the Eeuguer
gravity map; and 1is alss much faster previded a
- ecomputer i3 available, The general squatien fer the

pelynenigl used te approeximate the reglonal effagt 18

n 0 :
G(xly) = b Le Xij ' e unz
1% ¥ :
.. 1, 1"0 j:’:o . .

~where n i3 the degree of the polynomial and the ¢ 's
are the cosfficlents to be determined. A oompiger
| program at the Depnrtmant eof Physics, Ahmadu Belle
University, Zaria was used te astimats the reglesnal

effect by this technique. - S

. .

In erder te get a better sstimate of the ragianal

field, varieus affarts were made te ebtain data fren

areas frar bheyend the preaent survey area. 4 pqaitive
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'reapbnﬁa came enly frém the United States Defence
Mapping Agenay Aercspace Center (DMAAC, 1988) whioh
released fo ma. the then latest version (Haf 1988
'editian) of the 1° x 1° mean free-air anemalies and
~#levationas fer the area between latitudes 5 and 20
degrees nerth, &and longitudes 10 degrees west te 10
Idagreaa sast {Figure 4.1). The data set cevered net
.Only the entire Iullesmmeden Basin but alse the whele ef
the Nigerian land maas and ether parts of the West
African subregilien, The 1° x 10 mean Beuguer anemnaliss
were generated from these twe data setas using the
equafion {Wiloex, 1974):

Ag = A2 =~ 0.1719h ; 'f | 1 - .....n.é

B F

where og a2 f x P .mﬁah Bouguer anomaly (mGals)
48 = £ x © mean free-air anemaly (mGals), and

F

h o= ?1°

x 1 mean elsvation (m),

The Beuguer anemaly was then regridded te a 0,5 x
. 0;5 degres mesh in order toe produce the Bsuguer anemaly
mapa ef Figure 4,2(a) and (b). Figurs 4.2(a) oovars

the entire area of the data set from Figure 4,1, while
Figure %.,2{(b} covers enly the Tullemmeden Basin area.
The Beuguer anomaly map (Figure 4.2(b}) 1s oharac-
terised by twa large negative gravity clesures saligned
roughly aleng a N-3 axis, One of these marked A 1is
" located within the basement bleck ef nerthern Nigeria,
and the cause 1s neither ebvieus from surface geelegy

ner has it been earlisr investigated geephysically.
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Boundary of Iul lemmeden Basin.

Fig. 4.2(a) Bougner anomaly map of the lullemmeden Basin and
surrounding areac, (Contour interval 5 mGals).
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Fig. 4.2(b) Bouguer anomaly map of the lullemmeden Basin area,
superimposed on some tectonic features in Fig. 2.1

(Contour interval 5 mCals).
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The anemaly marked B is located near the center of the
Tullemmeden Basin inside Niger Republie, ceincides with
a depressien ef the basement surface shown in Figure

2:%% Over the Sokoete Basin area, the centeurs are

smeothly varying and trend reughly NW-SE,

The regienal gravity field derived by fitting a
first degree pelynemial te the DMAAC Beouguer anemaly
data is shewn in Figure (4,3). The map (Figure %4.3) is
a plane dipping nertheastwards at the rate of 0.01 mGal
km"1 » Subtracting this regional effect frem the
ebserved Beuguer anemaly (Figure 3,1) gave the residual
anomaly map shewn in Figure 4.4, Seme of the anomalies
shown on this map (Figure 4.,4) cannot be explained by
the known surface geology of the survey area. Fer
instance, aleng prefile B-B' which cresses many
different reock units having beoth positive and negative
density centrasts relative te the hest migmatite-gneiss
complex, the residual anemaly 1is almest entirely
negative (see Figure 4 .,5(a)). Alse the residual anemaly
along prefile A-A' with a magnitude of almost -30 mGals
(Figure 4.5(b)) 1is tee large, and its gradient tee lew
to be entirely attributed te near surface, relatively
thin sandstones ef the Tllo Fermatien. Thus the
residual anemalies based eon the DMAAC first degree
regional field (Figure 4.,5) appear to contain a majer
compenent which reflects the effect of very deep seated
and large structures probably at the lithes-
phere/asthenoesphere boundary, which is superimposed en

the relatively smaller gravitational effect of near
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Fig. 4.4 Residual anomaly map of the survey area obtained with the

LJAAC regional gravity field.
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surface basement features which are the objective eof
the present study, Becaunse of the limited area eof
survey and the sparse data ceoverage caused by the peer
road network, 1t was net censidered prudent te attempt
the dinterpretation of these data to very deep 1levels
represented by the lithesphere/asthenesphere beundary.
Instead 1t was decided to fit a lew degree pelynomial
surface te the observed data as an estimate ef the
regioenal field, Varieus degrees of the pelynemial were
tried, and the first degree surface (Figure 4.6) was
eventually selected as best reflecting the regienal
character eof the gravity which cerrelates better with
the knewn surface geeology of the area, The map (Figure
4,6) 4is alse a plane dipping tewards the southeastern
directieon with a gradient eof 0.01 mGal km~! . Figure
4,7 1is the cerresponding residual gravity anemaly map
ebtained by subtracting this 'lecal regienal’

effect frem the observed Beuguer anomaly.

A comparisen of the two first degree regienal
gravity maps (Figur~s 4.3 and 4.6) reveals twe
different regional trends. While the DMAAC regienal
map trends NW-SE, the 'local regional' field derived
from the cbserved data shows a NE-SW trend. A pessible
explanatien is that the twe regional fields reflect the
effects of seurces ef disprepertionate magnitudes at
twe different herizens, Tt is suspescted that tectenio
features in the medium depth range have influenced the
'‘lecal regienal' field derived from the data ever the

survey area,
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Fig. 4.7 Residual anomaly map of the survey area obtained with the

'local regional' gravity field.



In particular the regienal fleld ef Figuée h.&
appsar to haie beeh influenced by the 65 mGal negative
anemaly A in Figure 4,2(b), towards which it decreases
at the rate of 0,01 nGal ko !, The regienal effecta
deduned 1in sarlier surveya in adjacent areas (0jes and
Ajakaiye, 1976; and Gandu et al., 1985) sppear te have
ﬁiée been influenced by the anemaly A in Figure 4.2(b).
A thilokening of the eruast towards tha peslitien ef the
anemaly A (11.8° ¥ and 7.5° E) ceuld poessibly explain

tha sbserved recisnal effeot,

4.3 The Resjidual Anemaly

o The residual anomaly map {(Figure 4.7} raveals
aevera; _prominent clesures numbered 1-~-56 aa ;n the
Bouguer. anemaly map, Fer aszy cerrelatisn between
geslogy and geophysilocs, the residual anemsly map 1is
superimpoased en a simplified gealogical map of the area

~ “in Figurs 4,8, This uap indicates that the 10 mGal
positive anomaly noe.,5 is loecated pt the eastern margin

of the basin where the GCundumi Formatien ia in centmot
~with eutcreps ef the basement ocemplex., The anomaly
extenda for a distance of roughly 55 km ssuthwards fren
Talgta Mafara te Anka befere extending westwards fer a
rﬁrfher 50 km, The anemaly coincides with eutcreps af
undifferentiated metasediments (Kogbe, 1581} which
Turner (1983) mapped as phyllite/siltstene in tﬁa Anka
achlat belt, Field eobservations during this survey
cenfirm that the metasedimentary rock unit that berdera
the basin at Talata Mafara 1s infact phyllits (density

2.78 x 10 kg m'3}which sutereps extensively at the
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river bank east ef Talata Mafara en Gusau - Sekete
read, The peripheral positive contours en the western
side of this bedy extends inte the basin beyend Talata
Mafara, and suggests that this phyllite eutcorep extends
westwards bensath the sediments. Thus the zere centeur
line 1in this direoctien geuld infact be the 'true’
western limit ef the Anka schist belt, Furthermere the
fact that the gravity methed could reseolve the meta-
sediments in this regien suggests that these must be

relatively thick.

Te the east ef this anomaly, and separated by a
rather sharp gradient 1s a 10 mGal pesitive anemaly
ne,.6, This anomaly correlates well with outcreops ef
Older Granites (density 2.68 x 107 kg m > ) that have
been mapped areund Gusau, The shape of this anemaly
suggests that the iselated ecourences ef the Older
Granite outoreps mapped on the surface in this area
oeuld net be reselved by the gravity data due perhaps
te either te the fact that these iseclated esutoreps
coealesce 1inte ene bilig pluton at depth, er that the

gravity statiens are net clese eneugh,

Anemaly ne.1 is lecated partially in the seuthern
portien of the basin where the basement is everlain Dby
enly the Tlle Fermatien, The east-west trending
oontact between the 1Ille Group and the yeunger
fermations te the north 1s alse marked by east-west
trending centours decreasing te the nerth and te the

south indicating a ridge-like structure,
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Anomaly ne. 2 centered at Birnin Kebbi, 1is
located in the Gwandu Fermation, while anomaly neo. 3
at Bodinga is located en the narrew strip of the Seketo
Greup bound by its contacts with the Rima Group and
Gwandu Fermatien te the east and west respectively.
Anomaly ne. 4 centered at Sabon Birni is lecated in
the Gundumi Fermation. These negative anemallies
(nes,2, 3, and 4) ocould possibly be caused by increased
thickness ef sediments at basement depressions, low
density intrusives in the underlying basement recks, er
even litholegiec changes in the basement recks, or a

ecembination of a2 number of these facters.

The shape of the major anemalies suggest that the
causative bedies are of three-dimensienal nature, Four
profiles A-A', B-B', C-C' and D-D' whieh have been
chesen across and along the six majer anemalies en the
reaidual anomaly map te gain a cross-sectional view of
the these three-dimensienal bedies are indicated in
Figures 4.7 and 4.8, The Bouguer anomalies, assumed
regional effects and resulting reasidual anomalies aleng
these profiles are shewn in Figures U.9(a), (b)), (e)

and (d).

4.5 Quantitative Interpretation ef the Resjdual Apemalies

In quantitative interpretation of gravity data,
attempt 1{s made to determine a aseurce distributien
whese gravitational effect matches as clesely as
pessible the measured gravity field on the surface of

measurement. Unfortunately this task is made mere
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Fig. 4.9 (2) Bouguer anomaly, assumed regional and residual anomaly

along profile AA",
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difficult by the preblem of non~uniqueness in that the
same anomalous field on the surface can be caused by
different combinations of the spatial distributiens eof
the anomalous subsurface masses and of their densities.
This proeblem 1is partly overcome by making seme
assumptions which must be justifiable in the context of
what 1is known er can he reaseonably inferred abeut the
geological envirenment, Thus censtraints are introduced
in the form of simplification of geometry, limits to

size and depth, and range limits on density.

The process by which the source distributien 11
dAeter mined follows one of two routes, knewn as
"forward meodeling"” and "inversion” respectively
(Paterson and Reeves, 1985). Here the forward medeling
appreach 1is adepted and this comprises the feollowing
steps:

1, human astimation of an initial medel,
compatible with what is known ef geolegy.

ii. cemputatien of the exact theeretical anemaly
for this model,

ii1. cemparisen of the observed and computed
anomalies,

iv, Jjudieioeus adjustment of the medel by human
interaction and within geolegically reasonable
limits in the hope of impreving the fit ef
the cemputed data te the observed peints,

V. return to stage ({{) and se en, and

vi, stop at stage (iii) once the fit is acceptable.

Besides the apparent time consuming aspect ef this

trial-and-error process, anether disadvantage is that

there is usually no guarantee that any imprevement will



be obtained at stage (iv). However, the pr;cedure has
nerit in Lthe egpse of programming on miorecomputers and

the human Interactien breught in at every Ilteration
{

il
which  ensures that the medel retains geologle

credibilivy.

| Inverse medeling on the other hand, invelves
determining estimates of model parameters given a set
|
of Gbservational data and a general model fer their
cause {(Patersen and Reeves, 1985). This is an over-
determined problem as there are usually far more
ohselvatians than are needed fer a aingles selutien, =
that the acceptable solutien 1s that whieh Dbest fits
‘all the available data, A maj)er advantage of inveraion
is  its ability te eperate efficiently in multi-
parameter space, and ability te preduce solutions
within a relatively amall nunber of i1terations even
Wwith poor starting moedels, Hewever the technigque dees
net usually allow for user interactlien, but when such
interaction 13 necessitated by the naed te impose aonma
gaoiogto acceptability en the result, the zelution 1is

then no longer necessarily the best peossihle it in a

mathematical sense,
i " . N -I
! ' .
,5.1 Thaery of Lthe Foward Medeling Mathed

' Mast oaqomputerised interpretation techniques have
identical procedure; namely, cenmplex structures are
built wup from nimple basic unita, the numbers and/or
sizgs of whieh are adjusted by a ocoentinual recyoling

|
process until satisfaotery agreemant ias ebtained
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batween the ghserved and calculated gravity anoemalies
at field points {(Grant, 1972). In this method, first
propoaad by Talwani and Ewing {(1960), pelygenal shaped
1aminJe _ﬁra used as the bvasic medeling blecks. Thea
three - dimensional bdbedy 1is first represented by depth
gentours, and each c¢ontour 1s then replaced by a
heorizental h-sided polygenal lamina, The pravity
affsat, {i,e, vertical compenent af gravitational
attraction) caused by each lamina can he determined at
any external point (field peint), and the gravity
anemaly ocaubed by the entire body can then be ebtained
by numerical integratien.

IThe basic principles of the fthecery 1is illuafrated
in Flgure 4,10, Let P, the origin of a 1aft~handed
coordinates system, raepresent the field pelint at whigh
the gravity anomaly caused by the massive bedy M 1is
being evaluatad, A centeur on the bedy at depth Z ia
raplaced by the poelygenal lamina ABCLEP..., of

infinitessimal thickness dz. The gravity anomaly Ag

causesd by ABCDEF,., at P i1s given by

AR = de . :Dt.' 15.4

where V = thé anomély o#usud by ABCDEF... per unit
thickneas, V c¢an be expreassd by a surface integral,
the integration being ocarried out sver the surface of
the lamina, Thias ean hgain be reduced to twe line
integrala, beth along the boundary ef ABCDEF...; V 1s

then given by the expresaslen:
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Fig. 4.10 Geometrical elements involved in tha compution of the
gravity anomaly caused by a three - dimensional body.
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2 2y
V= Glsdy- s2z/(r + 2 ) dy] vees 8.5
where G ias the universal gravitational constant, , 1a
the velume density (density coentrast) eof the 1lamina,
and =z, @ and r are the cylindrical coordinates used to
define the beundary eof ABCDEF... (see Talwani and

Ewing, 1960).

Let P! be the projection of P an the plane of
ABCDEF...; r is the radius vector in the plane of the
lamina, and ¢ 1is the angle which this radius veotor
makes with an arbitrary x-axis in this plane (Figure

4.10(b)). The total contribution te V frem BC is

zensgl zeosd

Cop v - Y, = arcsin i + aresin i J
T T N
(p L +2z°) {pi + z2°)°*

L B hlﬁ

where p, © and ¢ are as indicated on Figure 4.10(b).
The gravity anomaly caused by the whole polygonal
lamina ABCDEF... per unit thickness 1s obtained by
summing up expressien (4.5) over the n sides of the

pelyzen to aobtain:
n

zcos0 i zcos*t1
V=G, | L{w, ,~¥,-arcsin + arcsin }]
jui 3V 3 7. 2.5 T2, 28 oo
(p1+z ) (pi+z )

The tetal anoemaly g caused by the entire bady M can be

obtained by integrating (4.3) between 2 and 2
tep bettem
1.0. "
‘tnp
a gtﬂt'al - J- "’d?’. a e e u .B
bettom

This 1integral can be seolved either graphlcally er by

numerical integration. The pesaibility that density
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varies with depth may be easily incorporated by

assigning a separate density te each contour.

For interpretatien by high speed digital cemputers

equatien (4.6) 1s expressed in terms of X o Yoo 2 and =
T PO z, the coordinates of twe successive vertices
of the polygon, for ease of pregraming thus
V=0 p[W arccos [(:1) (*i+1) + {Ii)(yi+l)} - arcsin “!; S
"1 Ti+ "1 Tisl e
arcsin Zfls - | pi 5
(pi + 22)!; L] t‘.g
where § = +1 1if Pi is positive, § = -1 if P1 is negative
W= +1 if my is positive, W = -] if my is negative
- Yy~ Y4a _ X, =X
Pi 1 itl Xy i i+] Yy,
"1, 141 Y1, i+l
B ST S © W S SRt U5 O |
1,141 Ty "1, i+l i
fy = %~ %4 X+ Y1 T Yaer Va4,
i, a4l Tinn fp,i4 Y141 '

=
]

¥ .
i D) ey Pier?) ~ Ygna/fas) (eg/rpds
Ty
2 2 &
T = + (x1 s yi) .
T 1

41 - 2 4 2
i+1 + (xi+1 Y41 )

L]

2 2 S
Trgvy = TlEp = xgd ¥y - vy

Similarly the numerical integration (4,8) 4{is more
conveaniently performed by fitting parabolas teo
sucoeasive sets of three points (ebtained by plotting V

against Z) and
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then ;finding the area coentained betweeﬁ the parabelas
and ?he Z - axis, Thus if Vv,, v, , and V; are Lhs
value# of V corresponding reaspectively to centours at
hsights Z,v 21y and z,, then the gravity anemaly caused
by the ~portion of the hody lying betwesan herizental

planes at depths z_  and 2z, is given by

zZ ~% '
Z -
rea Vd? = 1 (g} ° {32 -z —2zo)+ v (zo 22) +
z . -
0 6 ..__zo-zl.\ 1 2 ..(zl— 22) (zl— zo)
. 2 ) :
v o -2 (Bz,- z ~ 22)] N
2 z, = Z 0 -

1 _ .
A single computer program {Talwani, 1965) which handles

) bhoth oaemputatiena was adapted fer use on the IBM
PC/AT and modified to plot the observed and cemputed

gravity anemalies autematiaally.

4.5.2 Mpdel Fitting Pregedurs

The c¢ausative bodies of the major anoﬁaliﬁa
{(numbered 1 = 6) en the reaidual anemaly map {Figpre
4.7) were determined by the aboeve modeling technique,
First, irregularly shaped poiygons representing depth
gcontours wera fitted to the various anemalies in such a
way that the pslygens fitted as cleosely as pesaible the
assumed shape of the causative bedles at different pre-
selected depth poeints {Figure 4,11), In the next stap,
the o6eeordinates of the vertloes of the pelygons were
determined: - the X=- and y- ceerdinates were with
reaspeat to latitudes and longitudes ma twe mutually
perpendlcular axes 1n a horizental plane, the =z-axia

was vertically dewnwards. The input te tha computerilised

i
i
I
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Fig. 4.11 ! Three - dimensional model of bodies used for the six major anomaligs.
Depth contours and depth values (in km) for the first modgl are shown.
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interpretation thus comprises:

ﬂo ~ the coordinates of all the field peints as

i well as the obsarved residual anomaly at

- these peints aleng the prefile of interest,
ii. the ceerdinates of the vertices and depths
i . of the pelygonal laminae as well as the
{ dansity contrast for each lanmina,

The sutput comprisaes:

io_: a listing of all the input data which acta as
! a check (optional),

14, the contribution of each polygon at each
; field peint

1ii, the coemputed tetal snomaly (i.e. the resuilt
. of the numerieal integratien fer each body
f summed for 8ll baedies} at each fisld peint,
iv, a plet ef the obhaapvad and conmputad
, anoemalies at eaoh field peint aleng the
; chosen prefile. )

In this survey the lield points were chesen at
equal intervals aleng the prefiles and ceomputatiens
along different proefiles yere handled separately, The
medificatien effected on +the ariginal pregranm of
Talwani (1965) te 4include autematic pletting of
ehservad and computed anemalies on the pgraphic =acreen
after each iteration minimised the time consuming trial
and arraer process of the foward medeling technique, In

addition the scatter of the points en the pleta were

used a3 a rough measure of the goodnass of fit,

f The acouracy of the methed depeﬁds on how nrlesely
the f irrepgular peolygons Ffit the individual depth
oont;urs and how precise the numerical integratien was.
The fit of the pelygons can eof course be made as

clesely as desirad by inaoreasing the number of sides,
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However as néfed by Talwaui and Ewing (1960}, it was
recognized that the clese fit of the centours i{is aonly
important when a poftion of the contour beundary 1liles
cloae to the point at which the goemputatien is being
made, Thus by fitting enly sueh portiena of the
contour very oloseiy, the acouracy of the integration
Wa8 malntained without incressing the computatien time

unduely, o - o - o

As discussed in sectien (3.10) twe different mean
dengities were utilissd for the sediments viz: 2,34 x .’
103 kg W repregenting the mean of all the gedimentary
reok samples collected in the basin; and 2.5 x 107 kg
m—3 repre- senting the mean of the remaining samples
after excluding the =shale samples, and sandsatone
sapples of the Gwandu Formatien whose densities were
theught to be too low and not truely representative of
the ashales and sandstones at depth. This led to two

alternative models for all structures within the basin,

rafearred to as firast and alternative medels

reapectively,
4,8,.3,Three-dimensisnal _JIntarpretation of the Residual Anemaliss
r =A': This prefile whiaoh i3 centered on

anemaly ne. 1 with an amplitude ef -12 mCals, extends
for a distance of about 110 km from west to east acress.
the seuthwestern corner of the survey area whera only
the Tl1le Formatien overlies the basement. Figure 34,12

shews the observed and calenlated anemaljies together
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with the vertical cross section for the 1interpreted

medela. The models suggest that anomaly no, 1 i3 caused
by a bowl-type depression on *the subsurface basement
midway aleng the prefile, The sediments in this
depresaion attain a maximum thickness of nearly one
kilometer for a sediment density of 2.3H8 x 161 kz m-j,
(Figure 4,12 (a)) and a maximum thickness of 2.0 km fer

a density eof 2.55 x 100 kg n3 (Figure 4,12 (b)).

Although the computed anemalies fitted the
observed anemalies fairly well in beth models (Figure
4.12), they were not censidered geologlerlly suitable
because:

1. it 1is perhaps unreasenable to infer that the
Tl1le Formatien alene could attain a thickness
of between 1 and 2 km at the periphery of a
basin that 1s stated ¢te have a maximum
thiokness of just ever 2 km at its deepest
portiens 1in Niger Republie (Koghe, 1981;
Wright et al., 1985).

ii, a pertion of the anomaly actually oxténds
inte the basement area (see Figure 4,8) and
this cembined with the shape of the residual
anomaly is suggestive of an intrusive

Thus various medels were tried in which the anomaly was
attributed te 1intrusive bedies buried under thin
sadimentary ceover, One such model with the beat fit
shewn in Figure 4,13 assumes a granitic intrusive at a
depth of 0.%0 km beneath the sediments whose root

extends to a depth of 5.0 km.

Prefile BB': This is the lengest ef all the prefiles
extending frem Birnin-Kebbi {in the West, passing

slightly north of Gummi and Anka thence te Guann in the
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east - a distance of almest 320 ¥km (Figure #.8).
Anemaly ne.2 on this profile is centred at Birnin Kebbi

and results from a depressien of 0.8 km at the basement
surface assuming a density of 2,34 x 1& kg m“3 fer the
_ aodimenté (Figure 4.14(a)). This depressien is nearly
50 km wlde in the directien of the profile, and has a
strike length eof 90 km in a nerthwesteriy direation,
Erom this depressien the thickness of the sadiments
decreases ateadily to less than .20 km tewards CGummi.
A slight depreasien 1s again evident areund Gumml and
after this the thiokness of the gsediments decreases
gently until the sediment-basement centaot areund Anka.
The alternative medel {Figurs 4,14(h)) which assumes &
density ef 2.55 x 10° kg m° for the sediments

indicates that the sediments attain a maxinmum thickness

ef 1.4 km at the deepesat point en this prefile,

The profile alae outs aofnss the phyllite nutc;op
of the Anka schist helt whieh 18 resspensible fer the
positiﬁo anemaly ne.%5, The width ef this outorep in
this Anka area is abeut B0 km and the general depth is
2,5 km, as deduced from the gravity medels assuming a
density of 2.78 x 103 kg m~3 fer the phyllitea. The
gentacts eof the phyllites with the hest reck 1ia
. generally outward dipping in both directions = 4y
towards the west and 67 tewards the mast, the phyllite
body extending westwards for almest 60 km beneath the
area where the Qunduml Fermatlen ls nmapped on the

surfaone,’
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The negative anomaly no.f ceantered at absut 40 knm
to the sastern end ef the prefile 15 caused by Older

Granite intrusives, three iselated outarops of whieh
have bheen mapped areund Gusau (Figures 4,8 and 4,14),
The modslled granitie body 1s elliptical in shape and
is alligned N-8 with a strike lasngth whiah ias
approximately 110 Kkn while the width is about 67 km,
The medel szuggests that the granite body dips eutwards
at angles of 75 and 64° in the western and eastern
5iden respectively, to a depth of 1.3 km. Frem thia
depth the dip is inwards at angles of 72° and 6B° in
the respective directions until the bedy terminates In

a plug at a depth of ¥.3 kn,

Profile CC': Thia prefile wﬁs nhesen to ocroess anomaly

ne.3 and the nerthern end of anomaly no.S (Figure 4,8),
It axtends for a distance of almost 240 km frem Lema in
the weat through Bedings to s little beyend Talata
Mafara in the east, The first model (Figure 4.,15(a))
assuming a density of 2.34 x 103 kg m—3 for the

sedimenta reveals that the bssin 13 generally shallew

aleng this prefile, Frem Lema the bhasin dips gently

~frem 0.2 km tewards a lecal depression at Bedinga where

the sediments attain a maximum thickness of 0.5 km in a
wide depressioan, The alternative medel {Figure
,15(b)) assumss a density of 2,55 x 10 3 kg n™  fer
the sedinents and yielda a maximun sedimentary
thickness of 1.0 kn. Frem there the aesdimentary

Ehickness decreases gently until the centact with the

basement rocks areund Talata Mafara.
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The prefile also cuts across anomaly ne.5 fer a
distance of about 20 km. The phyllite bedy again dips
outwards in beth directions - 39° towards the west and
71 tewards the east attaining a large width of almost
120 km ai the base at a depth eof 2.5 km. The otherwvise
flat base sxtends in a v-shaped ferm te a depth of 3.5

km over a lateral distance of 40 km.

Prefile DD'; The first half of ¢this profile 1lies
within the pertien of the basin where only the
centinental Gundumi Fermatien overlies the Dbasement.
It extends in a reughly NNE-SSW directien frem Saben
Birni at the nertheastern end ef the survey area to
Talata Mafara and thence to Anka (Figure 4.8). The
first medel which assumes a density of 2,34 x 10° kg m™>
(Figure 4,16(a)) reveals that the Gundumi Fermatien has
a maximum thickneas ef 0.5 km in this direction, while
the alternative model with assumed sediment density .of
2.55 x 103 kg m-s (Figure 4,10(b)) yields a maximum
thickness of 0.8 km fer this fermation, The prefile
gives the strike length of the metasedimentary seguence
causing anomaly no.5 as reoughly 100 km, and the general
thickness as 2.5 km as ebtained frem prefilea B-B' and
C-C' respectively, The causative bedy dips outwards
at an angle ef GTo towards the NNE direction and 55°
towards the SSW directien. The general thickness ef

2.5 km is again extended to 3,5 km in a v-shaped reot

fer a lateral distance af about 30 kmn.
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_ 4.6 Diacussien

- ' The results of the gravity investigation are
gene;ally in agreenent with the known/inferred geelogy
of the aurvey area, In the basement regien the
pfemlnent negative anemaly no. 6 oerrelates well with

- mapped eutoreps ef Older Granite intruaivas with a
relatively lew density (2.68 x 103 kg m=3 ) cempared
with the host reek whieh {in the region are the
migmatite-gneiss complex (average density 2,70 x 163k3
mﬁj) Thus both gravity and density evidenoe oenfirm the
aagidic nature of the Older Uranite suites in this part
of the hasement block of narthe:n Nigeria. Thes results
from three-dimensienal interpretation of the ﬁihglu
prefils that cuts acroas the Older Cranite sutoreps
have thrown some light on the structure and peasaible
mode of emplacement of these granites, Firat the sheer
size of the granite beody at depth is an indication that
either the 2small isclated oeutcreps around Gusau
aoalesce at depth as one big pluten {batholith?) atill
ba;ng unrocfed at the present time {(Fitohes at al..
1985); or that the 5 km gravity station spacing in thias
areaz 1is qpnot adequate to resolve the intrusives as
distinct small bedies. More detzailed gravity investi~
gations will  help te reselve this issue as well as
determine the extent and fine structure ef these
bodiea. The sharp centact with the heasat reck and the
characteristic ovoid te alongéte form concerdant te the
regional N - 8§ trand support magmatic ateping and/er

diaprioc proocess as the likely mode of smplacement for
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the Older Grﬁnites. Thus thess granite bocdies meat
prebably beleng te the widely distributed Pan African

magnatic suite,

Alé# the positive ansmaly ne. £ ceincides with
sutereps of phyllites/ailtstone of the Anka Schist Belt
(density 2.78 x 10° kg w>) The models show that the
metasediments in this area have outward dipping
centacts with the heost reck., The single phyllite
outearep modealled reveal that this reck unit attained a
general thiokneas of about 2.5 km and the width at this
depth axtends laterally te a distance of at least twice
te four times the eaxposed wlidth en the surface - giving
the sequence a characteristio flat bettem ahape, The
single reot indicated eon the medaels in prefiles B-D!
and C-C' and D-D' (Figures 4.15 - 4.,17) are aligned in
a roughly N-S directien and may prebably cerreapond to
a feld axis in this genaral -3 directiosn. The fairly
aimple asatructures revealad feor the metasedlmengavy
eequence' in this region is an indicatienm that the
sequenca has prabably been affepted by only one
tectonic eplsede which has Imposed the ebserved aimple
feidz pattern with axis in a RB-2 dirsction. This
" general N-5 structural grain is a Pan African (6004150
Ma)} trait., On aococount ef this fairly simple structural
" astyle el the metasediments ip this regien, the gravity
results tend te support the view that the Anka Sohiat
Belt belongs to the yvyeunger group ef metasediments
(Turner, 1983; and Fitches et al., 1385). Rewevar,

Helt et al. (1978) suggested that the belt alse has
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some Kibaran (1100 £ 100 Ma) trait, which tends to
group the Anka belt with the older group of
metasediments, More geeophysical and geological inves-
tigatiens of this and ether schist belts might throw

more light en this issue,

From this study, and previeus gravity surveys in
other parts eof the schiast belt region ef noerthwestern
Nigeria (Udensi et al., 1986; Gandu et al., 1986),
there has not been the characteristic paired linear
gravity anoemalies usually associated with suture zenes
as reported in Turner (1983), Thus the view that the
Nigerian schist belts might possibly represent
additienal suture zones similar to those found near the
active margin between the West African Craten and the
Pan African Prevince (Turner, 1983) is unlikely. The
ether alternative that the schist belts 1in Nigeria
might represent defermed intracentinental basin(s)
(Turner, 1983), develeped during the subsidence stage
eof the Pan - African oregenic oycle (McCurry, 1976,
1978) may be mere likely, More extensive gravity
investigatiens ef the region are hewever required te

coenfirm this view,

Over the basin the preminent negative residual
anemalies (nes, 2 - 4 en Figure 4.,8) have all been
attributed te 1noreased thickness ef asediments at
basement depresaiens in the absence ef auy eother
geeleglcal evidance to the centrary. Difficulties

asseociated with a thin crust eof lateritic cever eover
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mest of the formations, and the relatively small
thickness of some of the fermations led to the adoption
ef a single mean density fer the sediments in the
interpretation of the gravity data, Maximum sediment
thicknesses of 1.0 km and 2.0 km were ebtained wusing
mean densities of 2.34 x 10° ke m~° and 2.55 x 107 kg
m respectively., A cheice between the two thicknesses
depends on which mean density 1is oonsidered more
represantative for the feormatiens in the basin. Ir
available geological evidence on estmates of the
maximum sediment thickness in the basin 1s cerrect,
then the mean density eof 2.34 x 10° kg m > gives
results that agree more with the geeology. Thus the
mean density ef 2.34 x 103 kg m~3 determined for all
the rock samples, and the cerrespending maximum
sediment thickness eof 1,0 km are hence adepted as the
representative mean density and maximum thickness Pf
the sediments in the Sekote Basin. This result is
hewever subject te further verificatien when more

geophysical informatien become available te conatrain

the models,
314057

The models reveal a very gentle dip eof the
general basement surface towards the border with Niger
Republic. Superimpesed on this gentle regional dip are
small wundulatiens that produce basement depressiens
tewards whiech the basement surface dips 1leocally in
varied directions and magnitudes, At least four such

depressisns were identified in different parts eof the
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basin in which the sediments attain maximum thicknesses
ranging frem 0,5 to 1.0 km, A ridge -~ 1ike feature
meanders wildly threughsut the basin followihg almoat
the 2zere conteur lipe on the residual anomaly map
(Figure ‘u.v). and this centrals the location of the
depressiens. Two of these depressiens on the buried
basement surface are aligned roughly alonz the same N-3
axis en prefiles B-B' and C-C' (FPigures 4,14 and 4.,15)
which tend to suggest a gentle felding of the

underlying basemsnt rocks along a general N-S axis.



CHAPTER FIVE

MAGRNRETTIC INTERPRETATION

I”I5.1IIn§:ggug§1gg

:LIﬁtePpratntien of aergomagnetio data teok giant
fowﬁrd strides with the introduoction of digital dats
preceaaing, with the result that interpretation 1ims now
rapid, obJective and anemaly raesolutien greaatly
1m£f0ved (Hartman et al., 1971)., Approaches te
intarpretation have generally been divided inte three
basie greﬁpa: _

1. Qualitative mathod - inspectien of ﬁabs

i1, Prefile methoed -~ invelving the study of
. prefiles : _ .

111, Map methed -~ invelving mathematical precessas
applied te map data (Referd and Sumner,
19614},

In qualitative interpretation, simple cencepts
are usesd te ebtain infermatien by detailed dnspeotion
ef nmagnstioc conteur maps, The excellent oceoerrelatisn
which eftan ex:ata bhetuween magnetis data ~ad gealogy 1a

2 demenatration of the potential ef the qgualitative

nethed of interpretation of magnetic anemaly naps,

However, whenever .it is important teoe eaxtraoct
definite parameters from magnetio dats, then the more
.nophietioated quantitative methods of data treatment
are invoked. For instance in oil =surveys, bas+anent
depths ars needed, while in minaral surveys susaepti.
bilities and dips are mere impartant, With suitable
aspumptiany on geemetry of Lhe maghatin seur-es, the

103
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preblem ef determining these parameters often readucas
te simple mathematical expressiens whieh can be selved
by the prefile method. Several other interpretation
techniquaas invoiving the wuse of rasidual maps,
derivatlives and centinuationa can be greuped az the map
method and 13 capable ef vielding infermatien en depths
te the causative bodies as well as emphasize special

attributes of the toetal field map.

5.2 Qualjtative Interpretatien

The total magnetio 1nfenaity cenpesite maps were
shown iIn Filgurez 3.3 and 2.4 as centeur and depaity
plats respectively, The dynamlie range ef the total
intensity magnetic field is 700 nT, the contour levels
ranging from 7385 nT te B085 nT; with an average valus
ef TB20 nT, At first glance the centeur map (Figure
2.3) appears clustered with mainly shert wavelength
anomalies from near surface geolegy, which are super-
impoesed on a subtle nertheast trending gréin oonaiétéht
with the astrike of the basin, A close examlnation
however revegls some definite patterns and similarities

in the shape and alignment of the short wavelsngth

anomalies,

Most eof the shert wavelength anoemalies are aircu-
larly or elliptically shaped, and their alignnent
clearly define three prominent linear belts nmarked A-A,
B-B, and C-C which trand NNE-SSW, NW-3E, and WN-8

raspeatively (Figure 5,1). The shape of these shert
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wavelength anomalies is supggestive of shallow
intrusives, either within the sediments er on the

underlying basement surface,

Apother impertant feature that is evident on beth
cempesite maps (Figures 5.1 and 5.2) is the set of
large scale magnetic lineations deminant in beth the
nertheast and nerthwest directiens. These magnetic
lineations are indicated as thick lines in both Figures
5.1 and 5.2, and then cempiled separately as Figure
5.3 A quiek 1leok at Figures 5.1 to 5.3 reveals a
remarkable consistency in the arrangeament and
concentration of the magnetic lineatiens and the shert
wavelength anemalies aleng the three 1linear belts
mentiened abeve, and which has been superpesed on the
features shewn in Figure 5.3. The characterizatien of
these magnetic lineatiens sither as faults, fractures,
eta, 1s of vital impertance in the understanding ef the

tectenic histery ef this regien,

Wright (1968) had earlier identified a cenjugate
pair of NE-SW and NW~SE fractures in other parts eof the
African oentinent such as the Benue Treugh region in
Nigeria, the Camereun rift valley, the Middle Niger
lineament, and the Chad and Cenge Basina, He attributed
these features te the sequence of eavents at pessible
sites eof partial release of distorting stresses which
acocumulated freom the wedging apart of Africa and Seuth
America threugheut most ef the Cretaceous, and the

subsequent readjustment of the shape of Africa due te
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Fig. 5.3 Map of the Sokoto Basin showing major magnetic lineaments

derived from the composite maps,
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the separatien of South America. Ajakaiye et al.
(1986) reperted the exlstence eof NE-SW trending narrow
magnetic 1ineations upen which were cencentrated the
Alkaline Ring Cemplexes, Ananaba and Ajakaiye (1987)
had on the basis of lineament analysis of LANDSAT
images identified predominant tectenic trends in the
NE-SW, NW-3SE, and N-5 directiens ever the present
survey area in particular and ether parts of the
ceuntry nerth eof 8 N latitude 1in general. They
propesed global tectenics as a peasible origin of these
lineaments. Similar studies by Ball (1980), Neev et al.
(1982), Ananaba (1983), and Oluyide (1988) have also
identified a set of NE-SW and NW-SE conjugate strike-
alip fracture system interpreted te be of tectenic

erigin.

Thus the alignment of the ¢three 1linear belts
identified in the present study, and that eof the
magnetic lineatfiens within them {1{s in agreement with
the reperted general tactenic trand ever this region.
The three preminent linear belts prebably represent
pre-axiating lines of weakness in the centinental crust
whieh became rejuvenated during the tectenic phase of
the Pan African Oregeny, Thus the oencentratien eof
intrusives responsible fer the shert wavelength
anemalies aleng these linear belts is explained. The
short wavelength anemalies might be the magnetio
expression of shallew granitic intrusives belonging
prebably te the Pan African (600 &+ 150 Ma) event. 1In

view eof the clese asseciatien of mineraliratien with
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regional tectenics (Ananaba and Ajakaiye, 1987, it is
regcemmended that more detailed ground follew-up studies
be concentrated aleng these linear belts as they could

be leci ef economic mineralizatien.

There 1is almeat a one-to-ene correspondence
between seme of the magnetic lineations identified 1in
this study and some faults reported in previeus studies
(Kegbe, 1979 and GSN, 1988). For example two of three
preminent fractures mapped by GSN (1988) NW eof Soketo
coincide with ¢two NW-SE trending magnetfo 1lineations
(marked w-w, and y-y in Figure 5.3) mapped 1in this
study. Similarly FKegbe (1981) reported a WSW-ENE
trending fault in the viecinity ef Gilbedi village; and
frem this study a prominent NE~SW ¢trending magnetic
lineatien marked z-z in Figure 5.3 is identified in the
vicinity eof this village. It is thus possible that
some eof the eother magnetic lineatiens mapped in this
study might represent faults er fractures hitherte
unmapped in the basement cemplex, while others could

poessibly be contacts ef rocks eof different l1ithologies.

Other regions on the compesite maps outside the
linear belts are characterised by rather smeoth
centeurs with 1lew gradients which 1is suggestive of
either a deeper seurce horizen er uniferm magnetic
properties eof the underlying basement recks. Some
ether features of the cemposite maps are better high-
lighted on the density plet (Figure 5,2), One example

is the s3s.dden change in magnetic intensity aoreoss the
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boundary marked D-D in Figure _5.2 leading to tweo
diaﬁiﬁot magﬁéfic zenes, The region te the south of
this beundary 1s charcteprised by magnetice Iintensaity
generally abeve the regional average of 7820 nT;
whereas the region te the nerth of the boundary 1ia
marked by near average or below averages values, Thia
esbservetion cannet be readily sxplained on the hasis of
knoewn geolegy of the reglen, but one posasible
explanatien 13 the presence of contrasting rock types
in the underlying basement - more mafic to the south
and mnore felsie rocks to the north, {lowever this

aenclusion nesds furthar verificatien.

The compesits maps have thus helped to esatablish
a reglonal fram:work for the interpreiation of magnetian
studies of limited areas within the Sokets Basin, and
in selecting areas fer detailed investigation. It 1a
heped that thls compllation and a aimilar one . by
Ajakaiye et al. (1985), can be utilised Iin assembling a
more comprehenaive mapgnetio data bank and in compiling
a composite magnetic anemaly map of the sntire aountry,

which would aid regional geolegic mapping.

5.3 Quaptitative Interpretation

_5.3.1 Intreduction

As pointed aut earlier, quantitative interpreta-
tion ef peotential field data can be done either in map
form or en prefiles, each with its advantages and

limitations. The maps have the advantage of presenting
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the ¢total picture available witheut any assumptiens
regarding strike and lateral extent eof the source
(Jain, 1976). These maps hewever, are often produced
frem ooﬁputed gridded data which may net represent the
eriginal data 1in true form, Gridding intervals
invariably impose limitatiens on the reselution
achievable, whiech 1in turn introduces errors en the

coenteurs,

On the ether hand profile interpretation methods
allew interpretatioen ef data as recerded, eor at least
eliminates contouring related errors. But the
technique eften assumes the prefiles are normal te the
strike directien, and that the bedies extend te great
distances on either side of the prefile. In practice,
this latter limitatien is eften satisfied, while the
effect of the former can be minimised by comparisen ef

results frem adjacent prefiles,

Another disturbing preblem relates te the degree
ef geolegical interpretation that should be attempted.
While seme expleratienists feel that magnetic interpre-
tation sheuld be mestly qualitative and never go beyond
generalised basement depth maps; ethers engage in mere
rigereus mathema'ical analyais te preduce more detailed
geelegical interpretatien inecluding detectien of lecal
relief eon basement surface (Jacebsen, 1961). Each
group is right to some extent, depending on the quality
eof data being analysed, and the ameunt of oether

geological and geophysical !'afermatien at the dispesal
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| of the interpreter. However geeophysilcists ganerally
agree with the follewing cenclusions (Jacebsen, 1961).
i. Careful analysis af intrabasement-type
magnetic anomalies may yield a reliable and
useful generalised basement depth map,
1i. Lecal basement rellief bazed en a study of
the usually amaller, suprabazement magnetic
anemaiies oan net be reliably interpretad
frem magnetomster werk alens,

In the present astudy, the digltal data was
reoe#ered from ocentoured maps, albelt by <+the best
possible technique, and the data gridded to preduce
profiles for quantitative interpretation. Therefere in
receghitien of the foregoing limitatiens and mindful of
the danger of attempting to obtaln more frem the data

than 1s warranted, the profile interpretatien nmethed

was adepted with the primary objectives of

1. analysing the relatively large ancmalies to
' obtain the depth esstimates of tha causative
bodies,

]

ii. using the regult from (i) te prepare the
genaralised nmagneti basement depth map ef
the basin, and : g . :

1ii. making any reasenable deductiens eon the
structure o¢f the baxin based on the nmap.

%.3.2 The Computational Methed
Yarious msathods havs besan applied for lutomahié
interpretatien eof digitlaed magnetio prefile data
(Keulemzine et al., 1970; Hartman et al., 1971
Nabighian, 1972; Jain, 1976)., The Werner deconvelutien
~ teohnique first deseribed by Werner (1953) was used 1in

this study te caloulate the physical parameters, 1.s,
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depths, hoerizontal lecatiens, dips and susceptibi=-
lities, asscecinted with the magnetic sources when these
gouroes are assumed to be thin dykes, Hartman &t gl.
(1971) expanded the usefulness of the msthed by consi-
dering the thin dyke bedy as an approximation in
resolving other kinds of anomalies. They shewed that
the magnetic anomaly for a thin sheet 13 precisely the
~same a3 the derivative of the magnetic anomaly for a
similarly posltionad interface. Thus by performing
Warner-based dscenvelution on boeth the total field and
the calculated horizontal derivative of the teotal
fteld, it 1s possible te 1dentify thin sheets and
~individual interfaces as well as wide sheets. Using
various simulatad situations, Jaln (19764) estadhlished
the 1imits of resolutien and possible acouracy eof the

‘Werner decenvolutiaoan teohnique,

5.3.3 Ba=ig Theory ef the Werper Degonvelutien Teghnigue

Using the concept ¢f magnetic 'charget or pols
gtrength, the expressien for the total magnetioc field
due te a thin dyke with infinite strike length and
depth was derived Iin Appendix B in the ferm quoeted by

Hartman et al. (1971) as :

F(x) - A(x“—xo) + B:a . . N LR B BN S.1
5 _

(x-xo)z + z

Where, F = the total magnetio field inteansity at x,
X = horizeutal distance along the profile,

X, = hoerizental distance aleng the profile to
' the centre reaint zbove the dyge,
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z = the depth to the top of the dyke, and
A and B are functiens of field strength,
suscesptibility and seurce geometry.
¥hen observation 1s made on a level plane over level-
bounded bodies whese length and depth are infinite and
whose strike is perpendicular to the directien of the
prefile, equatien (5.1) can be caat into the following
interpretation equatien
2
x F=a 44 ax+bF+ b xF coon Hel
o 1 o 1
where x and F are as described in equation (5.1),
whence

a, = -Ax0 + Bz, al = A

2 2 - & 8 8 5.3
b = x, - 2z , and b 2x0

It fellows frem equatien (5.3) that the depth and

herizontal pesition of the dyke are

u

2
z +5%/A=Uby - b ) .
L 5.!‘
xo B |

If allowance 1s made for the possibility of inter-
ference and assuming that the interference can be
represented by a polynomial, then on adding the inter-

ference term, equatien (5.1) becomes

F(x) = A(x-xn) + Bz n

+ o
> co + cl X ¥+ seies %lx

(x-x )2 + z
0

where n is the degreae of the polynemial, and the c¢'s
are the coefficients, Thus instead of 4 unknowns in
equation (5.2), there are now {(n + 5) unknowns in

equatioen (5.5), Therefore (n+5) equatiens are required
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to solve for the unknowns,. In practlece, a first er
gacond degree polynomial i3 generally sufficltent, so

that 6 er 7 data points are required for the solution,

I . L
‘ Oenerally the fileld resulting frem a geologic

‘distribution of sources in space c¢an be viewed as the
two-~-dimensienal vconvelutien ef the apatial impulse
response with the seurce diastribution functien (Hartman
8t al., 1971). The problem of determining the source
parameters from the recordead fileald ia therefere reduced
te a decoenvalution. Thus, by deconvolving beth the
tatgl field and the calculated horizontal gradient of
the{total fleld, it is poasible to identify thin sheets
(dykes, sills, ete.), and 1individual +interfaces
(faults, dipping contacts, edges of intrusive bodles
|
etdt), irrespective of their strike, dip or remanent
magnetizatien and at any magnetic latitude with tha
initigl assumption that the bodies strike perpendicular

i : I
te the profiles, _ : .

|
5.3.4 The Interpretation Pregedure

; In this interpretatien, a totul eof 350 N-3
profiles spaced 1,1 km apart have bean analysed u3alng a
~ cemputer progran Magdpeth (Cje, 1985) which 13 similar
'tsl that desaribed by Jain (1976). Aleng each prefile
the data peints are at equal linear intervala ef 0.55
km but there was alse a provision for 1nterp61ation
ié the oemputer program so_that the actual data

peints utilised were appreiimately at 0.28 km

intervals, A first degree peolynemial was censidered
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adequate for the interference component, so that six

peints were required for the selution of equatioen
| : _

(5.2}, The program examines six successive data
points - and soelvea the preaulting set eof llnear
equations for the physical parametera of Iinterest,

|
The whole sequence is advancsd by one paint and the

examination repeatsd, I a succaessaieon ef such
axaminations c¢enaistently indicates a source for an
anomaly, and 1f theses 1indications are themselves

censistent, the apparent depth and horizental location
aleng the profile of the source is recorded,
Susceptibility and dip values are computed froem A& and
B, and the 1lecal inelinatien and declination of the
main field on the assumptien that magnetization is
induced, The location and daspth astimates for any
seurce was further examined, and solutions that lie
within predetermined limits are oeunted. The number
of such csunts wams used as a weighting faotor, Only
eatimates with weights of three and above were accepted
i .

The "depth - penetration”™ of the procsss depands
on Lthe distance between the data points aperated upon,
that {18 the operator length. The broeadar a giliven
anemaly, tha lasnger musat be the opsrater langth
required te recognize it., For this reaszen the ceomputa-
tien aequence desoribed abeve iz repeated a nunber of
times with the eperator lengtu successively iucreassd.
Befores sach pass, the data was smocthed with a low pass
filter to remove high frequency ('shallew'!) ancomelies
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whioch have already been recognized, and which weuld
etherwisge mask deepe. anomalies (Hartman et al., 1971;

and Friedbers, 1975).

' THe accepted depth points aleng eacih profile are
pletted as a function of the herizental pesitien of the
sourne aleng tlhie profile; to preduce the se-called
‘Werner prolflles', The abeve iz as far as the
autemation and objectivity of the technique goes.
Further interpretation of the 'Werner profile' to
define say the basement aurface calls far all the
prafessional experience and available Fealapgical

infermation at the interprester'a disposal.

5.3.5 Estimation ef the magnetic basement surface

| Figures 5.4% and 5.5 are examples of fyﬁical
Werner decenvoelution profiles processed teo define
magnetio basament heneath the principal anomalies, | The
depth points represent aslutions ebtained from a aulte
of 15 six-point operators with lengths ranging frem 1.4
km to 20,6 km, The first aperater langth {(1,% itm) did
net yield any consistent selutien en any profiie, whille
hardly any c¢onsistent selutiens were obtained beyond
the 20.6 km eperator length, Wheraver neacessary, the
geometric coesine corrsctien was applised te the computed
depths which oeccur en anemalies en the tetal field map
that creoss the profile direction at sblique angles, The
neminal flight altitude of 152.Y4% m was subtracted frem
all the cemputed source depths before these deptha were

plotted,
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As the profiles were sufficiently closely spaced,
it was Lhought that the inaspection of the interpreted
depths en adjacent profiles would help to select valid
depth estimates from apprepriate anemalies to conatruct
a reliable picture of the subsurface geolopgy. However
as can be seen from the typical profiles (Figures 5.1
and 5.5) there was a considerable scatter of the
plotted depth points, rendering the definitien eof the
magnetic basement surface a difficult task, inveolving a
discriminatery evaluatien of the computed depth peints
in the lilght ef available geologic 1infermation, Some
of the facters that centributed te the large vertical
scatter of the computed depth peoints include

« 1 a particular feature can be recognised on
more than one pass of the operator, and

11. most sources often yielded both tetal field
depths (deeper) and herizontal gradient

depths (shallawer) (Friedberg, 1975).
Ability to identify the nature of the source helped to
impreve the accuracy of the interpretation. The correct
depth peints appear very close to the top of the group
of points (Hartman et al., 1971)., 1In this study it was
pessible to choose reliable depth pointa to within a 14
percent error margin. Hartman et al. (1971) quoted an
acouracy eof 10 percent frem an applicatlon ef the
technique to digitally recoerded data, Thus the larger
error margin in the present study is due in part te the
low quality ef the digital data set which was recovered

from magnetic contour maps as compared te digitally

recorded data.



'f | 122

{_Figures 5.6 and 5.7 show the Yerner profiles of_
Figures 5.4 and 5,5 respectively after interpretation.
The dashed envelopas represent the interprated magnetic
basemant surface beneath each af the prefiles. As
Hartman et gl. (1971) neted, a fundamantal advantage of
the whole technlique 1383 that since tha deptha were
obJectively determined, another interpreter with a
different peint of view or additional knowlwedge of
geology can always go back to any feature and

" reinterpret the local structure far mere gzuccessfully
than he c¢ould Iif he were presented -niy with a set of

dépth eontours,

. o
5.3.6 Preparatien of fthe Qeneralised Magnetic Basement [epth Map

The dapth peints 1lying en the envelopes in

Figures 5,6 and 5.7 represent the magnetic basement
surface at their respegtive 1leocatioens, The exact
dapths and lecatiens of these points ware then

transceribed frem the computer listng eof the Werner

I

decenvolution profile asolutioen, to aveld errors in
reading the pletted depth acales, The X~ and Y-

coordinates of sweh peoints on the basemap were computed

and these ywere recorded aleng with the depths 1In =&
master file, A total of 1,744 such depth points were
ebtainad frem all the profiles analysed, Figure 5.8
liliLatrates a miniature plot of the locatliens of the
depth points uzad as a basis for the final contour map.
The data set was then gridded and machine-centeured te
.brdduée the generalised magnetic basement depth nap

shown ss Figure 5.9,

E
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5 T Discussien ¢ the Magnetic Basement Depth Man

The results of the quantitative interpretatien
shown in Figures 5.9 and 5.10 suggest that _he magnetic
blsement.aurraoe beneath the sediments in the basin is
generally shallew and ef 1lew relief. Depths teo
magnetic baseme.t rance from 1.2 km near the sediment-
basement boundary to 1.8 km at the northwestern bearder
with Niger Republie., Tha regional dip is very gentle,
infact hardly measu able in mest places, with a value

of 0.4° in a nerthwesterly directioen.

The depth centeurs have two characteristic
trends, dividing thLe area inte twe tectenic zenes
(Figure 5.10).  Seuth of 1 N latitude, the N-S trend
is deminant while te the nerth eof the same latitude
degree the NE-SW trend is superimpoesed on a series of
alternating N-S trending troughs and ridges (Figure
5103, This is an evidence that the basement has been
subjected te at least twe er mere tectenic events wheose
imprints are expressed by these trends, The boundary
between these Lwe zenes is roughly coincident with the
magnetic boundary ebserved esarlier en the compesite map
(Figure 5.,2),. On the surface it alse coincides with
the beundary between the centinental Ille Foermation te
the Seuth and the ether yeunger formatiens te the

nerth,

The depth centours (Figure 5.10) depict a number
of basement depressiens the mest preminent of which is

an elengate N-S trending depressien centsred on the
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"T1lo Fermatien which eccupy the seuthern end of the
basain (Figure 5.10). This depressien is beunded te the

sant and west by ridge-like features, glving this

| portion .of the basin a bowl=-type oress secticen as
illustrated In Figure 5,%1(b). This depressien in the
subsurface basemnent tepegraphy is terminated abruptly

at the tectenic boundary just south of 12X N latitude.

:.é'The other deﬁreséiuﬁ#Iara in the form of a seriea
of N-S trending troughs and ridges {(Figure 5,10},
suggestive of gentle folding ef the aubsurfaoe“basQMent
ro¢cks, Twe sther oresgs-gectional views through
latitudes 12,5° and 13° N which are .illpstrated in
Figurea 5K.,11 (a) and 5.12{(a) healp te Dduttress this
olaim. It 13 therelere suggested that the basement
recks underlying the basin have heen gently defermed
into a gserieas of antiferms and synferms with axes
té?ndigg reughly N -8, at wavelength ascales of approxi-
matealy 100 km and amplituds of enly =2 few hundred
netars HE;I;::es 5.10, 5.11, and 5.12). Mineor

deviatiens 1in fold trends mainly in a nerthwesterly

direction are alao neticeabls, The N -~ S trending

”_ roldsl prebably beleng to the twe phasas of ipoolina;

felding episodes which affected the basement and its
supracrustal oover during the Pan Afrio;n__ﬂrogany
(MeCurry, 1976). The synferms and ether deﬁéasainns
ares filled with wmere than average thlckness of
sediments and are therefore probable targets for

Rresundwater expleratien,
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f,Tho general low gradient of the depth centours
eveﬁ | near the sediment - basenent beundary is
surmgestive of a gradual decrease in the basement depth
from tha basin tewards the boundary. This view is also
”evident ‘on the eross sectioenal views shown in Figures
5.117(a) and 5,12(a), as well as on the Jidealised
section eof the Sokete PRasin given by Kegbe (1979),
which i3 reproduced here for cenparisen as Figure
5.12(b). Thus 1if the contaet between the Gundunmi
Formation and the Basement i1s as mappsd (Figure 2.,2),
and this contact marks the eastern boundary eof the
Seketo Basin, then the magnetic basemant depth gnalyais
presented above indicates that the centact is gpgentle
and probably not faulted, Thus the southmsastern sector
ef the Tullemmeden Basin, 1locally knewn as the Sokete
Basin (Sekote Embayment) in Nigeria, prebably dﬁveloped
frem a gentle epeirogenic movemeant of the basement
rocks in contrast to the eastern margin near the _Goa
Trench where there ywas atrong tecteniao  movement
resulting 1in faulted sediment basement contact (Furon,
1963; Kogbe, 1979 and 1981; and Wright et al., 1985).
These results tend to support the cemplex basin type
with irregular prefile ascribed te the Tullammadan

Basin by Chatellier and Slevin (1988),



CHAPTER SIX
SUMMARY AND CONCLUSTIONS

Intreduction
The Sokote Basin in Nigeria farmszs the seuvth-

eastern secter eof the much larger, nearly circular

Mesezeic basin - the Iullemmeden Basin eof West Africa,

centered nerth of Niamey in Niger Republic (Figure
2.1). Problems relating to the erigin and structure of
the JTullemmeden Bas, . have not been adeguately
addrezaed 1in mosh_ published materials available in
Nigerla. This may partly be due te the fact that a
coemprehensive geesloglcal/geophysical investigatioeon of
the entire basin had net been undertaken because of the
vastneas ef the basin which eccupiles 700,000km2
(Kegbe, 1981) 4in six oountries (Figure 2.1) of which
Tive ar§ Francephone and enly one, Nigeria, 1is
Anglophene, Thus diffsrences in cultural background
and pelitiecal ingelinatiens during colenial psried had
precluded necessary cooperative projectz and affected
frea flow eof published materials. In Nigeria meat of
the availlable publishad materials have generally been
aencerned with the Nigerian sector of the basin which

oenstitutes only ene tenth (Otaze, 1376) of the entire

basin. In this gector the sedimentelogy, palaeontolegy,

and “ydrogeology of the basin have been studied 4in

grdat details by Jones, (1948), Ogilbee and Andarsoen,

{1965}, Oteze, (1976), FKembe,. (1979 and 1981), and

JICA, {1989) among othars. From these ntudies,

133
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structural infermation on the subsurface basement has
been scanty and very generalised, For example the
Jullemmeden Basin is classified as complex with an
irregular prefile, (Chatellier and Slevin, 1988); and
that it developed as a pest-Pan African pre-Hercynian
depression from tectenic epeiregenic mevements (Kogbe,

1981; Wright et al., 1985).

Geophysically, the 1ittle that was knewn about
the basin in Nigeria prior te the present survey has
come frem greund water exploration surveys - mainly
electrical resistivity and seismic refraction surveys,
as well as berehele drilling (Ogilbee and Anderson,
1965; JICA, 1989)., All these surveys have hewever been
targeted at the varieus aquifers within the sedimentary
strata with the result that very little is knewn about
the structure ef the underlying basement rocks in the
Sekote Basin, This survey is thus the first c-mpreheh-
sive geophysical investigatien ef the structure of the
basin using gravity and magnetic metheds. The primary
aim was to contribute te the general knewledge of the
regional subsurface struocture eof the Sekeote Basin, with
the hepe that this weuld throw more 1light e¢en the
structure and possible origin ef the entire Iullemmeden
Basin., A secendary ebjective was te establish regienal
gravity and magnetic data banks fer the preduction ef
regienal gravity and magnetic anemaly maps which would
previde a framework for selecting areas e¢f interest for

further detailed investigatiens.
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6.2 Symmgfz of Regults

6.2.1 Summar,; ef the Oravity Results

The atudy area 18 <haracterised hy negative
Besuguer anenalies in the range of -06% to =42 mfals with
a nmean valuea of =51 mGals, The northeast trending
regioral field (Fipgure 4.,6) Jdecreases southeastwards
with a gradient of 0.01 mGal km"l, and this regional
gradient has been atiributed to a thickening of the

grust in the southeasteriy direction.

The residual anemaly map {(Figure 4,7) indicates
six major anemalies most of which correlate well with
surface geology and whose causative bodies have been
studied quantitatively. For example within the
basement arsa, the 10 mCals negative anomaly coincides
with euterops of Older Granites arcund Clusau (Figure
4,8) while the on.y positive anemaly (no. 5) coineiqes
with euterop of a metasedimentary sequence at the
eastern margin of the basin at Talata Mafara (Figure
y,8). Threa of the four majer negative dlosures over
the basin (nes. 2 - 4) were asoribed to inoreased
thickness of the sediments overliying basement
dapressiaons, The feourth negative aloesure (anemaly
no,1) is interpreted azs a granitic intrusive underlying

a thin sedidentary cever,

Threa-dimensienal modeling of the negative
anemaly centeread on the three 0lder Granite outerops
around Gusau (Figure 4.8) yielded one big plutcn which

extsnded laterally at depth severa: kilometers beyond
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the mapped contacts at the surface, Thus it appears
from the gravity data these {salaﬁed | outaropa
originated frem one magma chamber at depth. The
modelled bodv i3 eutward dipping ( 7% teo the west and
J.G? to the east) to a depth of 1.3 km and then inward
diﬁﬁing te the maxinum depth of 4.3 wm. The sharp
contact with the hoat reck tend te support magmatile
steping as the likely mede of emplacement, and the N-5
strike 3ugzgests that the Older Granites probably belong
te the end of Protereozeic Pan African Orogeny ({600 =+

150 Ma) ‘Turner, 1983).

The 10 mGal pesitive anomaly at the: eastern
margin of the basin is centered on the phyllite outecrop
(density, 2.78 x 10° kg m~3) at Talata Mafara_(Figure
3.8). The'“modalled bedy auééést fﬁat'this . reughly
NNE striking metasedimentary sequence attains a
genaral thickness ef 2.5 km except mlong the axia of a
probable synelinal strucfure.whefe it reacheslﬁ maiimum
depth ef 3.5 km. On acceount of the aimple structural
style af the phyllite boady, the Anka Schist Belt has
bean tentatively grouped with the younger metased!ments
| a5 propessd by Turner (1983), and Fitches et al.,

Over the basin the genera1 deduction from the
modeling along the four profilen 1s.£ﬁat the sediments
ara very shallew, lesas than 1 km thiek over most of the
rarea. $he regioenal dip is very gzentle (lsss than 1° on

all the nrofiles studied) and 1. generally awsy fromn
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the Nigerian landmass fowards the berder with Niger
Repudblic, Looally thra sedimonts &ip toﬁards local
depreassiens at varying degrees and dirvsctions, At the
four marked depressiens, the zadiments attain maximun
thicknesses ranging frem 0.5 te 1.0 kn, As almest all
the sedimentary fermatisns 1in the baasin contain
aquifers (Oteze, 1976), these sediment fillad
depressieons are 1l11ikely te previde mere favourable

targeta fer majer groundwater sxpleration pregrans.

There is evidehce of simple felding of the
undsriying basement regks as soms of the depressions on
adjacent prefiles are aligﬁed along the sanme N =S8
axls that prebably represent the fFalu axis,. Howeaver no
clear evidence of majer faulting evean at the sediment-
hbaseament houndary c¢an be daduoced frem the gravity

result:.

Summary ef the Magpnetic Results - : \

A regianal set ef dipital tetal intensity

. magnetioc data has been sffectively recovered from the

. available centour maps, and used in the cempilatien of

the first cemposite magnetic-~anemaly map of the Sekeoto
Raain at a scale of 1 : 13,000,000, An exanination of
the semposaite map revealed three prominent linear belts
A-A, B-R, and C-C trending NNE-S3SW, NW-5E, and N-3
respectively (Figure 5.1), marking zenes of prebable
crnatal weakness aleng which are concentrated a. syaten

of large-scale NE-SW and NW-SE magnetic lineations, and



intensive intrusive activities. A tectonie origin was
sstabliashed for the magnetic lineations as their
directiens are consistent with the predominant tectonic
trends in the country. Alze some o¢f thaege .maghetic
lin;atiéns w-w, ¥-y, and z~2z (Figure 5,3 coincide with
premlinent fractures mapped earlier in the basenent
rocks, which suggzests that seme of the other lineatlons
.1deﬁkif1ed in this study might repregent faults or
fractures hitherte unmapped in the basement complex.
In view of the close azseciation eof mineralization with

regional tectoniecs, <these linear belts could thus be

laci of econemic mineralization.

A pgeneralised depth te magnetle basement map
‘Figurs 5.9) was produced from a preiimiﬁary
quantitative interpretatien ef magnetic profile data.
The map reveals a generally shallew basement surfaoe

which dips gently 1in a nerthwesterly directien,
attaining &a maximum depth of 1.8 km beneath the greund
aurface at the ne~thwestern border with Niger Republic.
The depth estimates are accurate ta within 14 'ﬁeroent,
and this aets an upper limit of appreximately 2.0 km on
the maximum depth te the magnoatic basement benaesth Lthe

asdiments in the Soketo Basin,

Alse the depth teo magnetic basement map (Figure
5.10) reveal that the basement recks in thi= regien
carry the imprint ef at least two tectenic avents which
has resulted in the N-5 and NE-SW structural features

evident or this map, Gentle folding of the basement
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recks alang NS trénding axes has produced a serlies of
synferms and antiforms at wavelength scales el roughly
100 km and amplitudes of only a few hundred wmeters.
Superimposed en the N.8 fold pattern 1 a NE-SW
trending atructural grain that affected only the part
of the basin nerth of 1 N latitude. The N-S trending
felds prebably belong te the Pan African event while
thalNE-SN struotural grain might possibly have resulted

freﬁ the middle Feocene uplift movemeanta,

The ' éharaoteristio sediment-basement boundary

fault at the western and northeastern parts of the

" Tullemmeden Basin around the Goa Trench and the Air

:rangﬁs reapeotively (Figure 2.1) are absent in the

Nigerian secter of the basin, whers a very gradual
decrease in DPasement depth frem the basin o the
contaot with the baseﬁent is revealed, This would
imply that the Sokoto sector of the Jullemmeden Basin
proebably developed frem gentle epeirogenic warping, as

l

¢epposed te the strong tectonic movements which led to

. faulting in the western and nertheastern parts of the

basin.

|
Correlatien eof Gravity and Magpnetio Reaults

! Cravity and magnetic asurveys have continued ¢te

servé geophysiciats in previding an insight i.ote the
gerlogy ef an area qulieckly and egonemically. Beth
methods _exploit the fact that variatiens in the
phyaloal preperties of reevs in-.sibtu give rise to

variations 1in some phyzical quantity which nay be



measured remote ‘lso beth m~thods employ a two-

stage procer : (i) measurement of anc 7)1 '~s at or above
the greund surtace; and (2) interpre( ' 'on of anemalies
in terms ef rock property variations within the

subsurface 1in a way which adds te knewledge eof the
geeslogy (Paterseon and Neeves, 1985). But whereas 1in
the case of grrvity, the physical r ck property ef
intercst 1s “'=2nsity of reocks at all <d~pths, which
depends upen tle peresity and gross w . ra’ogy of rocks
in bulk; fer the magnetic methed, t e rock property is
magnetic susceptibility and/eor remanent magnetization
within ¢the uppermoii 30-40 km of the earth's interior,
which essentl!ally !8 a reflection of the propertiaes and
cencentratiens of a single accessoiy mineral -

ragnetite,

When the «ame area has been survevad with both
metheus, the ~oni idence 1in the results .r. the
respective interpr~tations 1s strengthened if they
cerrelate well with each ether and with inewn pgeoloagy
and weakened if etherwise. The results eof the gravity
and magnetie interpretatioens ever the survey area were

critically examin~41 against this background,

Results from the application ef both the gravity
and magnetic metheds have revealed that the basin 1is
generally ahallew, and that the wunderlying basement
rocks are gently folded, and the basement surface dips
zently 4in a northwesterly directien., The absence of

any wajer sediment-bisemeut bLeundary faults is al'se
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evident frem beth results. These results are in
agreement with the findings from earlier geolegical
studies over the b ' (Jones, 1948; Kegbe, 1979 and

1981; and Wright et al., 1985).

Also the negative gravity clesures 1in the
vicinities of Birnin Kebbi, Bedinga and Saben Birni
(Figure 4.9) are roughly located along the axes of
synfermal structures eof the buried basement surface
deduced from the magnetic data (Figure 5.,10). This
thus validates the assumption made in the gravity
interpretation to the effect that the negative c.osures
within the basin are due te inereased sedimentary

thickness at basement depressiens.

If the asaywmption that anomaly ne. 1 is due teo
increased sediment thickness at basement depression 1is
valid, the gravity data yielded a maximun basement
depth of 1.0 km at the centre of the depressien (Figure
4.,12), The depth te magnetic basement analysis on the
other hand indicate that the N-S trending lepresasien at
the southern end eof the basin (Figure 5.10) which
ceincides with the locatien ef anemaly ne. 1 yielded a
basement depth ef reughly 1.4 km at the same
lecatien. Similarly, prefile B-B' (Figure 4§,14)
indicate a basement depth of appreximately 0.8 km at
Birnin Kebbi correspending t» anomaly ne. 2, while the
magnetlc data gave a depth te hasement of nearly 1.6 kn
at the same lecation (Figure 5,11(a))., Thus there 13

much d.iicrence in the deyt.. o "a=mamen! estinates :rrom
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beth metheds, the magnetic depth eﬁtiﬁates being larger
in the twe cases, Severzal factors could be responsible
feoer the eobserved large difference in the depth
estimates. One major faotor relates te tha socurce of
the digital magnetle data utilised for tha quantitative
interpretaticn. Beth the_initial aenteouring proceas of
 the.|raeordad digital aeremagnetic data, and the

subaeqguent regovery of the digital data from the

aenteur maps disoussed in ohapter three ef this report
.afe.Lﬁuivalent te sugoessive law pasa filtering of the
eriginal data set. Thua beth eperatiens wonld remove
the Ih:l.gh frequency (shallew) anemalies, and the
resuiting' data sat would result in deeper magnetlc
sources. Anether possible o¢cause fer the observed
diffqrence in the results is the sampling interval of
"the magnetic data, which if mot sufficiently small
would alse lead to deapsr magnetic sources, Howmsvar
. this facter would net have affected the results
apprectably beoausé with the interval of 0,28 kn
utilised, the firsat operater leangth of 1.4 km did net
¥ield any censistent selutisens even when the weighting
facter was relaxad t§ twa, In addition when comparing
thesse results, ens must take inte acoount the fagt that
the Itorm 'magnetioc basement' may net always cerrespend
te tJa gemologie basement, and thi~s would alse lead te

differences in the depth estimates deduced from

gravity and magnetic interpretatioens.
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Finally, 1t 1a pesaible that wrong estimates cof

. formatien density wmay have also affected the depth

| . o
aastimates frem the gravity interpretation, but this

fact was regognised from the bhaginning, and a thorough

density analysls was undertaken, Obviously depth

- estimatas frem beth methods would correlate better ({f

digitally recerded magnetic data are made avallable,
and berehele and/cr seismic information ére available
to constrain the moedels and lessen the inherent

ambiguities Iin petential field data interpretatioan,

One major weakness of the magnetic methed which
has serilous implicatiens oen the above discussibns is
the fagt that 1t responds exclu:.ively to magnetie
contraats, 1t can therefore miss impertant structures
in howmogeneaus or weakly magnetic rocks; en thes ethaer
hand it can lecate differencez which cannet be cobserved
by greelogista, either because they are not_ dgteo;ﬁble
in hand specimens, or bacause the rocks aﬁe noéﬁexposed
(Royd, 1969) . For these reasons the nmagnetic
interpretatien and the gravity and geoleogic inter=
pretations may be different; the methods are therefore
intended to complemsnt esach ether,

Cenglusiong

The firast cemprehensive geephysical investigatien
in the Soketo Basin has thrown some 1light inte the
understanding of the geaslegy, and halped te answer some

basic quaestions raised regarding the subsurface
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atructure of the basin, Among the malor contributions

ol thE study are:

1.

g o : _ _
Extimation of the thickness of the asediments 1in

differeant parts eof the basin. The regults of tha
gravity and nagnetio interpretations have
established an upper limit of 2 km thickness for
the sediments in the Saokoto Basin. One Iimportant
glgnificinece of this result is in conajideration of
the hydrocarben accoumulation potential of the
baain, The probable source beds in the basin are
the marine Maastriochtian Rima and Sokote Groups
which overlie the continental beds at an estimated
maximum thickness of 200 m (Kegbe, 1379). If all
ether conditions for hydrocarben acecumunlation are
faveurahle, and the average temperaturs gradient
of 12 C per 30 m which obtains in the Miger Delta
is applicable, ¢then the minimum thicknass‘ of
sadiments te aohieve the threshold temperature of
115° € for the cemmencement of eil formatien fram
organic remains (Wright et al., 1985) weuld be 2.3
km approximately. Thus on the basis of the
shallow depth of the prebable seurce beds in the
Nigerian asscter ef the JITullemmeden Basin, the
preapeot for hydrecarben aacoumulatien is net
partiocularly promising. Neverthelaszss, a number of
sediment = fillad treughs and depreszsienz on the
burled basement surface have been ravealed which

form probable targets for groeundwater axpleration,
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The absence of any major sediment-basement beundary
faults as deduced freom this study, suppert the

view that the Nigerian portien of the Tullemmeden
Basin in particular and prebably other parts have
developed from gentle epeiregenic warpings within
cratonic roecks, This 1is 1in ocentrast to the
western margin eof the basin which 1is marked by
prominent NW-SE trending faulta around the Goa
Trench or the nertheastern margin which is
dissected by a series of NE-SW and NW-3SE trending
faults 1in the vicinity ef the Air Ranges (Figure
2.1) (Kegbe, 1979). One other possible hypothesis
whieh has been propesed for the erigin of the
Tullemmeden Basin 1s stretching and rifting
(Kegbe, 1979). Frem the results of thia survey,
some eof the phenomana eof rifts such as majer
faulting and uplift are net apparent te validate
the rifting hypothesis in this pertien oeof Itha
basin. Hewaver this hypothesis c¢an neot be
cempletely ruled eut because ef the ebserved
intense intrusive activity revealed along the
linear belts which is evidence of velcanism, and
alse the area cevered by the present survey 1is
oenly abeut 10 percent (Oteze, 1976) of the entire
basin whieh has been repoerted teoe be complex
(Chatellier and Slevin, 1988), and as such data
from a larger portien of the bazin would be

required for the hypethesis to be adequately tested.
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Recovery of 2 reglonal set of digital data, and

cempilation of compesite magnetie - anomaly maps.

" The regional set of digital data would hence

parmit rapid mechanical production eof ocentour maps
and other plets en a2 variety of secales and map
projections, and 13 also essential for quantita-
tive interpretation, The composite map has
astablished a framework fer the study of limited
areas and fer selecting areas for more detailed

inveatigatioen,

fﬁs stﬁdy has identified three zones of probable
erustal weakness {in the NNZ.S8W, NW-~-SE and N-S
directions respaatively, aloeng which are coencen-
trated igneeus activities and a set large socale
nagnetic lineations of probable tesotenic origin.,
Thia reault i1s3 significant both frem ecenemic
peint of view as well as selsmioity. The esta=-
blished c¢entroel of mineralizatieon by reglonal
tectgnicsa delineates these zones fer further
detalled investigatiens; and the cencentratien of
magnetic lineations some aof whioch ceinoide with
majer wmapped faults and fractures Iin the region,
nakes these zenes prene, aven theugh remetely, te

aelsamic harzards.

Finally it 135 impertant te peint out hare that

the interpretations of the dats ambodiad in this repert

is

a gecephysical appraisal of *he data based en the

geelogic infermation available te the auther at the
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time of writing. As additional geephysical/geologicl
and more importantly drill~hele data bheceme available,
it may be necessary te re-evaluate the significance of

some features described in this report.

Recemmendatiens
The Bouguer anomaly maps deduced from the DMAAC

data set (Figure 4.2(b)) reveal a large negative
gravity anemaly (marked A) centered at latitude 11.8° N
and lengitude 7.5° E within the basement block of
nerthern Nigeria. This anomaly A was alse evident in
the Bouguer anomaly map ef Africa contained In Brown
and Girdler (1980); and it appears to have influenced
the ‘'local regional' field deduced from this aurvey
data which decreases tewards the location of anomaly A.
Previeus gravity studies in adjacent regions (0je and
Ajakaiye, 1976; Gandu et al., 1985), both indicate
regienal fields decreasing tewards the same anomaly A.
Jt is therefore recommended that a regioral g avity
survey of the entire basement block of northern Nigeria
be undertaken to determine the source of this anomaly
and the ¢trend of the regional gravity field in the
region,

The advantages eof the compesite magnetic anomaly
map are numerous and perhaps ebvieua as has been
demonstrated by the compilatien ever the lokote Basin.
Tt 13 therefore recommended that this cempilatien be
utilised as the basic building bleck for assembling a
mere comprehensive magnetic data bank and in compiling

a composite magnetic anowaly map eof the entire country.
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This study has delineated three zones of pogssible
crustal weakness, along which are concentrated igneous
activitiea an a set of large scale magnetic lineations;
In view eof the established tectenic control of
mineralization in this reglon, detailed geophysical and
geclogical 1investigzatiens are recommended along theée

- gones as they could be loci of ecoenenic nmineralization.

The depth $o basement estimntes obtained from the
"gravity' anﬁ magnetic Iinterpretatiens respectively are
markedly different te warrant further investigation.
 For such an investigation to improve on thege results,
ﬁomeE barehale znd/or seismic informatien are reguirsd
" teo constrain ths models, It 13 recommended that the

Federal Covernment agencies working presently with JICA
in '§ar1ous parts of the Sokote Basin sheuld endeavour
to make a few boreholes to reach the basement, éﬁd alse
ensure that a proper density and litholegic 1ogging’are
.doné. Alse 1if the original digitally recorded aero-
magnetio data from the varieua flight eoperatiens are
made avallable, the accuracy and reliability of results

frem future studies will be enhanced.

Finally, ¢there is need for the Federal Survey
Department to update the available roadmaps, and
preperly secure already established benchmarks as well
as establish new benchmarks along recently constructed
reada, These measurss will ne doeubt increase the spesd

and accuracy eof future gravity surveys,



REFFRENCES?S

Adeniyi, O, 0, (1787). Gravity survey of the Clder
Granite plvtens 3n Zaria area of Kaduna ©State,
Nigeria. Unpublishrd M, Sa. Thesis. Ahmadu Rello
University, Zaria, HNipgperia.

Ajakaiye, D.E. (1970). Cravity measurements ever the
Nigerian Yeunger firanite Province, Nature, 225:
50 - 52&

Ajakaiye, D.E, and Burke, K, (1973). A Bouguer gravity
map of Nigeria. Tectouephvsics, 16: 103 -115,

Ajakaiye, D.E. Pall, D.H., and Miller, T.W. (1985).
Interpretation of aeromagnetic data acrosa the
central ervatalline shield area of Nigeria.
Geophys. J.R., astr. Sec., 83: 503 ~ 517.

Ajakaiye, D,E, Hall, D.,H. Millar, 7T.W, Verheijen,
P.J.T. Awad, M.B. and 0Oje, S.B, (1986). Aeromagne-
tie anemalies and '=ctoenic trends in and areund
the Benue Trough. Nature, 319(6054): 532 - 584,

Ajayi, C. 0O, and Ajakaiye, D. E. (1981). The eorigin and
peculiarities of the Nigerian Benue Trough:
anether look from recent gravity data ebtained

frem the Middl Benue, Tectonophysics, B80:
285 - 303 .

Ajibade, A.C., (1976). Provisional classificatien and
correlation ef the schist belt 1in nerthwestern

Niceria. In: ¥ogbe, C.A, (Ed.) Geolegy eof Nigeria
- Elizabethan Pub. Ce., Lages, pp B85 -~ 90,

Ajibade A.C, and Wright, J.B., (1788)., Structural
relationaships in the schisat belt of nerth-westlern
Migeria, In: Oluyide, P. 0. (Ed.) Precambrian

Geology of Nigeria- GCeelogical Surv., of Nigeria,
Kaduna, no. 103 « 109,

Ananaba, °S.F, 71983,, Evaluatien of remote asensaing
application te geophysical studies In Nigeria.
Unpublished Ph.D., Thesisa. Ahmadu Bello University,
Zaria, WNigeria,

Ananaba, S.i. an' Ajakaiye, D.E. (1987). Evidence of
tectoniec contrel of mineralization in Nigeria frem
lineament J=nsity analysis: A Landsat -~ study.
Tnt., J. lemote Sensing, 8(10): 1445 -~ 1453,

149



150

Ball, E. (1980), An example of very consistent brittle
deformation ever a wide intracontinental area: The
late Pan-African fracture system of the Taureg and

| Nigerian Shield. Tectepophvsiecs, 61: 363 ~ 379,
Paranev, W. (1975). PeLential Fields and their Transfor-

matiens in Applied GQGeophysics, Gabruldepr

Berntraeger, Stuttgart, pp. 82 - 89%. .

Boyd, D. " (196%). The contributien of airberne magnetic
- surveys te geolegical mapping. In: Morley, L. W.
(Bd.) - Minioe and Groundyater Geephysics/1967.
Econemic Geology Report Ne.26, Geological Survey
of Canada,

Brewn, C. and Girdler, R.W. (1980). Interpretation of
African gravity and its implicatien feor the
breakup ef the continents, Journal of Geephysical

- Research, 85(B11): 6443 - 6iRH,

Chatellier, J,. and Slevin, A, (1988}, Review of African
petreleum and gas depesits, Joeurnal of African
Barth Sciences, T: 561 ~ 578.

Cerdell, L.E., and Grauch, V,J.S. (19858). Mapping
basement magnetization zenes fram aeromagnetic
data in the San Juzn banin, New Mexice. In; Hinze,

W. J. (Fd.) The Utility of Repional Gravity andg
Magnetic Aunemaly Maps -~ Seociety ef FExpleration

Geophynielsts, U.S,A. pp. 181 - 197,

Cratehley, C.R. and Jenes, G.P. {(1965). An interpreta-
tion of the geslegy and gravity anemalies of the
Benue Valley, Nigerlia., Geeloglcal Surv, Nigeria
Rpt Ne, 1805, . :

Dehlinger, P. (1978). Marine CGravitv. Elsevier Socien=-
tific Pub., Ce,, Amsterdam. pp. 136 - 140 -

Deds, S.D, Tesky, D.J. and Heed, P.J. (1985). The new

: series 1:1,000,000-3acle magnetiec anemaly maps of
the Geoloegical Survey of Canada: compilatien
technlques and interpretatien. Ipn: Hinze, W.J.
({BEd.), The Utilitvy of Regienal Gravitv and Masne=-
tic Anomaly Mapsa - Scoiety of Expleoration
Geophysioists U.5.A., pp. 690 - 87.

Dyrelius, D. {1983). Aeredig: & digitizing cemputer
pregram, Department eof Selid FBEarth Physies,
Uppasala University, Swedan.

meemcnes e - {1983), HRegusurf: A peolynemial surface
fitting pregram. Department eof Jolid Earth
Physioa, Uppsala University, Sweden.



© 151

Eurepean Agsoclation ef Exploratien Geopnysicists
{(EAEG), (1985)., Tidal gravity corrections for
1986. Service Hydrographique de la Marine and
Compagnle Generale de Geophysique, pp. T - 17,

‘Eurspean Asseclation ef Exploration Geophyslolists
(RAEG), (1986)., Tidal gravity corrections for
1987, Service Hydregraphique d¢e la Marine and
Compagnle Generale de Geophysique, pp. 1t - 17,

Falcener, J. D. (19%11), The (Qeslegy _and Geography
of Nerthern Nigeria. Macmillan Publishers, London,

ppn "'5 had 1"‘5-

Fairhead, J.D, and Okereke, C.S3. (1987) A regional
gravity study of the West African rift system in
Nigeria and Camereen and its tectonic interpreta-

tion. Teoctenephvsigs, 143: 141 « 159,

Fitches, W.R. Ajibade, A.C. Eghuniwe, I.G, llolt, R W,
and Wright, J.B. {1985). Late Proterozoic schist
balts and plutenism in NW Nigeria, J. geol. Soc,
Lenden, 142: pp. 319 - 337.

Friadberg, J.L. (1975). Understanding and use of Werner
decenvelutlien in aeromagnetic interpretation.
Aero Services Cerporation, Heouston, Teaxaa,
ppo 1 - 29'

Furen, R. (1963}, The Geoleoxy Qf Africa. Hafner
Publishing Cempany, New York, pp. 145 - 173,

Gandu, A.H. Oje, S.B. and Ajak 'ye, D.E, {1985), A
gravity study ef tha Precambrlian recks in the

Malumfashi area eof Kadunsa State, Higeria.
Teactenephysicz, 126: 181 - 194, .

tay, S,.P. {Jr) {1967). Standaprd purves for
interpratatien ef' magnetio anomalies oever long
tabular bedies, In: Secjlety of Expleration Geephy-
sigist's Mining Geophysics Vel,{(II). The Seciety

of Expleration Geephysioists, Tulsa, Oklahsma,
Pp. 512 - 5“8.

Geological Survey eof Nigeria (GSN), (1985). Structural
M Ni (First Editien).

Goguel, J. (1954). A universr]l table for the prediction
of Lunar-Selar correctien in gravimetry {Tidal
gravity cerrectien), Geophysigcsa]l Preospectipg, II:
Suppl. .

Grant, F. 5. and West, G. F, (1965), JInterpretatien
Theery Jin Appllied Gegphysics, MoGraw-Hill Book
Coempany, NewYork, pp.182 - 200,

Grant, F.S. (1972). Review of data proecessing and
interpretation metheods 1ln gravity and magnetics,

1964 -1971. Qeephyales, 37(4): 647 - 661,



152

Grant, N.K, (1978). Struetural distinctien between a
metasedimentary oever and an underlying basement
in the 600 Ma. e¢ld Pan-African demain of north-
western Nipgerla; West Africa. Bull. Geol. Soe,
Am-, Bq: %50 - 58-

Hammer, 8, (1939). Terrain coerrectiens for pravimeter

statiens, Geophysics, 4: 184 - 194,

/ Hartman, R.R. Tesky, D.J., and Friedberg, J.L. {1971},
A system of rapid digital aerenmagnetic interpreta-
tien. QJeophysigs, 36(5): B91 - 918,

Heiskanen, VW, A, and Vening-Meinesaz, F. A. {(1958),
The Earth and its Grayity Field, MeGraw - Hill
Book Company Ine., New Yerk, p. 54,

Helt, R.¥, Egbuniwe, I,4, Fitohesa, W.R., and Wright,
J.B, (1978). The relationships bstween low-grade
metasedimsntary belts, caslo-alkaline volcanism and
the Pan~African Orogeny in N.W. Nigeria.

Geel, Rdsch., 67: 631 « 646,

Jaceobsen, P, (Jr) {(1951), An evaluatien of basement
depth determinatiens frem airborne magnetometer

data., Qegphyvyailcs, 26(3): 309 - 319,

Jain, S. (1976). An automatic methed of direct inter-
pretatien ¢f magnetic prefiles,. Geophysaicy,
41(3): 531 = 541,

Jakesky, J.J. (1950), Explersation Qeephysics. Trija
Publishing Company, Les Angeles, pp. 196 - 197,

Japan Internatienal Coepsratien Agency, (J.I.,C.AL)
{1989). The study for groeundwater development in
Sekesto State: Pregress Repeort 2, pp. 20 - 175,

Jenes, B, (1938), The Sedimentary recks eof Soketo
Prevince, Bull., Geel. Survey of Nigerta, No., 18
pp- 1 - 72.

Klingela, E. and Dyrelius, D. (1972)., Interpel: an
interpolatien pregram, Dapartment ef Selid Earth
Physies, Uppsala University, Sweden.

---------------- {1972), Iseravy: a aanteuring proegramnm,
Department of Selild Earth Physles, Uppsala
University, Sweden,

l



153

Kegbe, A.C. (1979). Geology of the South-eastern
(Soketo) sector of the Tullemmeden Basin.
Bulletin, Department of GCeolorgy, Ahmadu Belle
University, Zaria, Nigeria, pp. 1 - 300.

Kegbe, A.C. (1981)., Cretaceous and Tertiary of the
Tullemmeden Basin in Nigeria (West Africa).

Cretaceeus Research, 2: 129 - 186.

Keulemzine, Th. Lamontagne, Y. and Nadeau, A. (1370).
New metheds fer the direct interpretation of
magnetic anemalies caused by inclined dykes of
infinite length. GCeephysics, 35(5): 812 - 830.

Laceste & Remberg Ine. (1976), Instrument manual for
Lacoste & Remberg Inc., Medel G Gravity meter £G6 =
446, Austin, Texas, pp. 5 = 6.

MeCurry, P, (1976). The geeolegy of the Precambrain to
Lewer Palaeezeic rocks eof Northern Nigeria - a

review, In: Kegbe, C.A. (Ed.) Geoleogy of Nigeria
- Elizabethan Pub. Ce., Lages, pp. 15 - 39.

McCurry, P. (1978). Geology of degree sheets 10 (Zuru),
20 (Chafe), and parts of 9 (Katsina), VNigeria.
Overseas Geol, Miner, Resour., Lenden, No. 53.

Nabighian, M.N., (1972). The analytic signal ef two-
dimensienal magnetic bodies with pelygonal cress-
section: ita preperties and use for automated
anemaly interpretatien. Geophysics, 37(3):
507 = S517.

Neev, D, Hall, J,K, and Saul, J.M. (1982), The Pelusium
megashear system acress Africa and associated
lineament swarms. Jeurnal of Geophyaical
Research, 87(32): 1015 - 1030,

Nettleten, L.L. (1954), Regienals, residuals, and
structures, Geephysigcs, 19(1): 1 - 22,

Nwegbe, P.0, (1987). Spectral analysis and interpreta-
tion ef aeromagnetic anemalies ever the Upper
Benne Treough, Nigeria. Unpublished M.Sc. Thesis,
Ahmadu Belle University, Zaria, Nigeria.

Odeyemi, I.B, (1988). Lithestratigraphy and structural
relationships of the Upper Precambrian neta-
sediments 4n Tgarra area, southwestern Nigeria.
In: Oluyide, P. O, (Ed.) Precambrian Geology eof
Nigeria - Geeolegical Surv., Nigeria, Kaduna,
pp. 111 - 125,



154

Ogezi, A.E.0. (1977). Geochemistry and geochronelogy of
basement rock from north-western fiigeria.
Unpublished Ph.D. Thesis, Leeds University. '

Ogilbee, W, and Anderson, H.R, (1965}. FExpleratory
drilling feor greundwater 1in wesatern 3ekoto
preovince, Migeria: with apeclal reference teo
artesian anuifers in the Gwandu Fermation. United
States Oeological Survey and Geeloglcal Survey of
Nigeria. L C e

Cje, 8.B. and AjJakaiye, D,E., (1976}, Freliminary inter-

- pretation of gravity measurements in the Milddle
Niger PBasin, Nigeria. In; Kogbe, C, A, (FEd.)
Geolegy of Nigerja « Elizabetham Publishiazg Co,
Lagos, Nigerla, pp. 293 - 307.

0jo, S. B. (1985}, Magdpeth -~ a magnetic Interpretation
- pregram. Department of Physios, Ahmadue Bello
Universlty, Zarlia, Nigeria,

Oladesu, M, O, (1987}, A gravity survey of the igueous
intrusiens 1in the Rano area eof EKano State,
Nigeria. Unpublished M. Se, Thesis. Ahmadu Relle
University, Zarla, WNigeria. :

Oluyide, P.0O. {1988), Strugtursl trends in the
Nigerian Basement Cemplex., In: Oluyide P, O, (Ed.}
Precambrian Geslogy af HNigepia ~ Geolegical
Surv, Nigeria, Kaduna.

Osazuwa, I, B, Ajakatye, b, E. and vVerheijen, P, J. T.
(1981). Analysis of the structure of part of the
Upper Benue Rift Valley on the basis of new

geophy=lcal data, Earth Evelution Sclences,
2: 126 ~ 135, .

Osazuwa, I.B. (1984), Gravred: An unpublished gravity
reductlen program. Department of Physics, Ahmadu
Belle University, Zaria, Nigeria.

Osazuwa, I.,B. (1985). Primary gravity network ef
Nigeria, Unpublished Ph,D. Thesis, Ahmadu Belle
University, Zaria, Nigeria.

Oteze, G, E, (1976). The hydregeclegy of the nerth-
western Nigeria basin. JIn: Xegbe, C. A, (BEd.)
Geplogy of Nigeria -~ Elizabethan Pub., Ce, Lages,
pp‘ 373 - 390.

Oyavoyams, M.O, (1964)., The geology ef the Nigerian
-~ basement complex. J, Mipninr Geeol. and Metalls.
8e¢c, 1: BT - 102,



155

Paterson, N.R. and Reaves, C.V, (19285). Application of
' gravity and magnetic surveys: The state-oaf-the-art
in 1985, Gesphvsics, 50(12): 2558 -2594.

" Raeburn, ¢, and Tattam, C.M. (1930), & preliminary note

an the sedimentary recka eof Seokeéto Province. Bull,
Geol, Survey of Nigeria, ¥eo.13, pp. 57 - 60.

'Rahaman, M,A. (31976). PReview of basement geolegy of
seuthwastern Nigeria. In; Kegbe, C.A. (Ed.)

Geeolagy of Nigerlias =~ Elizabethan Pub. Co., Lagosz,
pp. 1 -~ 58,

: _ Referd, M.S. and Sumner, J.S. (196%4), Aeromagnetics:

review artiecle, Geophysica, 29(4): #82 - 516,

' Skesls, D.C. (1967). What is residual gravity?
geophysics, 32(5): B72 - 876.

Talwani, M. and Ewing, Y. (1960). Rapid computation of
gravitational attraction ef three-dimensioenal
bedies of arbitrary shape. GQecphyaics, 25(1}:
203 - 225, | | S

Talwani, M, (1965). Pregram for computing the gravity
' _ anemaly caused by a three-dimensional bedy eof
- arbitrary shape. Lamont Ceelogical Observatory,

pp. 1 = 12,

Tunyi, G6.¥. {(1984), Geostatistical analysis and inter-
pretatien of aeromapgnetio anemalies of the South-
eastern part of the Jes Plateau, Migeria.
Unpublished M,Sa, Thesis. Ahmadu Belle Univerasity,
Zaria, Nigeria, o

Turnar, D,C, (19283). Upper Proteroczoic schist bhelts in
the Nigerian sector af the pan-African Province of

West Africa, Prec¢ambrian Ressargh, 21: 55 - 79,

Udensil, FE.E. 0Cje, S3.P. and Ajakaiye, D.FE, (1985). &
three-dimensienal interpretation eof the Bouguer
anomaljes eover the Minna bathelith in Central

Nigeria, Precambrigp Research, 32: 1 - 15.
U.53. Defence Mapping Agency Aerespace Centre (DMAAC),
{1988}, 1 X 1 mean free-air gravity anomalies

DHMAACANDSGB\May - 1988. Misseouri, U.S.A.

Uwah, EB.J. (1984), Investigation ef radiometriac
anomalies by nuclear and ether methods: A ocase
study of the Sakote Pazin of Nlgerla. Unpublished
Ph.D. Thezis. Ahmadu Belleoe University, Z2aria,
Nigeria, g,



156

Verheijen, P. J. T. and Ajakaiye, D. E. (1978).
A gravimeter calibration line for Nigeria. Survey
Review, 24(180): 373 - 380,

Verheijen, P.J.T. and Ajakaiye, D.E. (1980), Analyasis
ef .errors in baremetric elevations in nerthern

Nigeria. Geephysics, 45(7): 1144 - 1152,

Werner, S. (1953), Interpretation of magnetio anomalies

at sheet-1like bedies, Sveriges Geologiska
Undersokning, Ser, C. Arsbek 43, n:06, Stokholn,
Sweden,

Wilcex, L.E. (1974), An analysis eof gravity prediction
metheds fer centinental areas, Tech. Pap., T4 =
001, Office of Distributien Services, U.5. Defence
Mapping Agency, Washington D,.C.

Wright, J.B. (1968). Seuth Atlantic continental drift

and the Benue Treugh, Tecteonephysies, 6(4):
301 - 310,

Wright, J.B, (1976). Fracture systems in MNigeria and
initiation of fracture zenes in the South

Atlantie. Tectonophyaics, 3%: TA43 - TAT,

Wright, J.B. Hastings, D,A, Jenes, W.B, and Williams,
H.R. (1985). Geelegy and !lineral Resources eof

West Africa, GCeorge Alle & Urwin, Loendon,
pp. 90 - 120,



157

APPENDTIIX A

LaPerte's Methed of Regularization
If we oconsider a point where the value of the
funotien f(x,y) must be interpolated as the origin, it
i{s reasonable te approximate the alement of surface
near the peint by a parabeleid whose equation is=s

written as

2 2
F(x,y) = Clx + szy + CBr + Cax + %sy + q' swa WREEY

It depends on six unknown ceefficients Cl te q] , and

censequently at least six poeints, (ﬂ_' n_, ﬂ‘). are
needed te calculate the coefficients, In reality more
than six points, which muat not all lie on the same
side ef the origin, are usually taken from which we
obtain mere than six equatiens whieh will be soelved by
least squares, The actual number of peints included
depends en the search radius R, determined in advance,

and whose value is censtrained by lecal coenditiens such

as station density and distance between profiles.

The six ceefficients Ct must be calculated such
that the separation of the parabeleid F(x,y) frem the
surface f(x,y) decreases as the peint (x,y) approaches
the eorigin, Each separatien ias therefore assigned a
weight P whiech is a functien ef distance § = Jﬁ? + y2).
Tt 1is desirable that the weight be zero at the
ecircumference of circle of radius R, and te increase as
the distance decreases, theeretically beceming infinite

foer § = 0, A goeod expressien for P is given as
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2 ; . '
P o= LR - e eer A(LD)

where n i®a a small acoceasory quantity te¢ make numerilecal

oaleculatiens pessible when a measurement point falls en
the origin, o

The method censists of minimising the guantity

: , _ :
8 =I P {F{x ,y ) - f(x,y4)} . : ce.s AUE4AE)
; 1 i 714
Thus the six partial derivatives of S with respect to
the unknown Qi, are set equal to zero, which results in
a systen of s3ix equatiens of the type:
4 3 2 2 3 2 2 2
Clsz + CEPx y « CypPx vy + Cusz + % Px y + szPx =5 Px 1.
. 3 2 2 3 2 3
OIPx y + CEPx ¥y + G IPxy + QI Px y + G Pxy + qj.); Pxy =£nyf
. 2 2 3 L ? 3 p) 2
L CGEPx y «+ GIPxy + G Py + CiPxy + CyPy + C.nPy =3Py ¢
’ 3 P 2 2
CZPx + C,IPx y + CyrPxy + CyPx + C.rPxy + % yPx =i Pxf
2 2 3 2 T
C1 EPx ¥ + CIZ Pxy + C32 Py + C,zPxy + CyriPy + G Py = sPyf
2 2
CL IPx + CoIPxy + C3zPy + G gPx + C. iPy + G P = CPf
The unknewn that 1s of interest is C;, since it is the

value ef r(x,y} at the origin, i.e. £(0,0) = ¢ ; that

is required,
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APPENDIX B
Magne A aly o
If the cencept of magnetic ‘charge’ or pols
- strength is empleyed, then the magnetic anemaly due to
a thin tabuler bedy (dyke) can be eobtained {Gay, 1967).
Twe left-handed ceerdinate systems are defined with a

cemmnen origin at any peint en the plane af ebservatien,

" directly sver the upper sdge of the dyke, and a cemmon

2 axis pesitive vertically dewnward as 1llustrated in i

Figure 3(1). The unprimed system has its y axis aleng
the magnetic nerth, and the primed aystem has its y'-
axls perpendicular te the atrike ef the dyke. The
strike is defined as the cleckwise angle frem the
pesitive y axis te the pesitive x' axis. If the tatal
sarth'sa wagunetic field T iz reselved inte twa
cenmpenenta aleng the x' and y' directiens, then enly
the ogempenent 1in the y' directlien i3 effectlive in

induecing magnetic peles sn the dyke's surfagcez, and is

termed the effective tetal intensity TO'. 2} ! can
further be reseivad inte twe compenents {(Figure B2}, T

d
- the dip cempenent and T - the aresa compenent. The

a
induoced pola strangith per unit area en the upper edge

ef the dyke ia given by

M sz 'R B{j-)
_ d 4 d
wvhere k 4ia the apparent magnetic susageptibility ef the
d
dyke te T . On the upper and lewer planar surfaces of
d

the dyke, the induced magnetic pele strength per unit
area is

M, = k T, S 1 $9




Y ,
= To ICOS B'
= TJ Sin P'

Fig. B2 Geometry of the thin dvke in the y'z=-plane

- azSinlo + 6Hcos lo

Fig. B3 The anomalies in the different ccmponenta of total intensity
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where k 13 the apparent susceptibiiity of the dyke ¢to
e _

T
o .

At peint P en the plane ef nbaéﬁvatiﬁn. the long
linear distributien of peles on the aplecal edge gives
rise te the so-called logarithmie potentlal
V = 2k T tleg(y +z° % - ve. B(111)
d d d o o
The potential due te magnetic charges resulting from
the e¢ress cenmpenent ef magnetization eon the planar
surfaces qf the dyke 1a given by (Jakesky, 13950)
o -1

V = 2k T t{(90°- s+tan y'/z) = = ... B(iv}

o ¢ a - '
By =adding B{4iii)} and B(iv) and taking the proper

derivatives, the vertical and herizental intensity

anomalies can be deri;ed:

) : B o
Az = - Oy = 2k Tytz + 2K Tty : o ees BOY)
?2 ::2-:';"2 ‘ +y|‘a
-2k ' .
. . ﬂH" = _?i = 2 detY * 2hCTCt .- B(Vi)
,-_?Y_ L 72+ g2

AH' is the anemaly in the cempenent of the herizental
intensity in the direction of y', and 13 related te the
conmenly measured cempenent in the directlen of the
magnetic neorth as follews: .

AW = Optsino v B(vii)
The anemaly in the oomponeﬁt of T in the direction of
the undisturbed field 13 related te the various

cempenents as follows (Figure B3):

-3 i - el L . “«a - B(Viii)
. QTL Azsinlo + AHcoLl0 o s

n
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Substituting equétieﬁs B(v), B{(vi), =and B(vii) inte
B{viii) gives

2e{M _sinl -} i 2 i :
= 2e( gsinl Mc51nacoslu)z +ht(Mc31nlo+MdsinacﬂsIg)y'

B (ix)

o - o
’ z + y'

Equatien B(ix) can be written in the gensral form eof
the expreszien fer the tetal magnetic field due te a

" thin dyke with infinite strike length and depth quoted

by Hartman st al. (1971

CAT = Ay' + Bz eee B{Xx)
o v 2 <
¥ + z

" 'where A = '
2t (Mcsinlo + M sinacosI )

~and B = 2t (Mdsinl + M sinacosI )
o« .0



