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ABSTRACT

The gravity survey over the Shira Younger Granite R ng
Conplex is ained at investigating the subsurface structure
of the ring conpl ex whose three nmain rock types are
arfvedsonite granite, biotite granite and syenite.

Density determnations of the rock sanples in the area
gave values of 2.62 x 10® kg n? for arfvedsonite granite,
2.58 x 10 kg m® for biotite granite- and 2.66 x 10° kg m?®
for syenite.

A pear -shaped positive Bouguer anomaly striking S W
was observed over the arfvedsonite granite and biotite
granite which forns the northern part of the conpl ex.

Wil e at the southern section, over the syenite, the Bouguer
anomaly is predomnantly negative with an E- W trend. The
residual gravity anonmalies of the northern and the southern
sections are of anplitudes + 70 g.u. and - 80 g.u.
respectively. These suggest that the northern section of
the conpl ex had been intruded at depth by a high density

mat eri al possibly basalt, possibly after the fornation of

t he conpl ex.



The subsurface structure of the Shira Younger
QGanite Rng Conplex consists of three layers at depth.
The rock type that is |east exposed arfvedsonite
granite is the nost deeply seated, while the highly
exposed, nost dense-, syenitic nmassifs is the least in
subsurface thickness and is el se the uppernost | ayer.

e of the profiles interpreted indicate that the
syenitic nassif extends fromthe ground surface to a
depth of 1.0 km This is underlain by the biotite
granite nmass whose thickness is 2.0 km which is in
turn underlain by the arfvedsonite granite body | ocated

at a depth of 225 km to 4.0 km

XI
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.~ . CHAPTER _ONE s

INTRODUCTION

1e1 gyp Present Wofk:

The work presented in this thesis is a survey of
the Shira Younger Granite Ring Complex whiech lies between
latitudes 11° 40,60" N to 11° 19,24' N and longitude
10% 11,72! E to 09° 55.17' E, Shira town in Bauchi
State of Nigeria lies within the complex (fig. 1). The
Chad Basin lies along the northcern and north—eastern
frontier and no other ring complex in known to exist
beyond this Shira complex, The Shira complex iz bounded
in the south by the Kila-warji, Dogo Dutse and Faganm
Younger Granite Ring Complexes (fig. 2).

The gravity data was colleoted along most roads
and tracks that run through the complex; A total of
127 km was surveyed (fig. 3), -

The relief in the area is generally low
(about 400 metres above sea level) except within the complex

) ' where its elevation is as high as 480 metres. Along

traverses within the complex a maximum height -

difference of about 80 metres were encountered but

1 L
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than 20 metres. - L s

.

_outgide the complex_tﬁe height differences were less

R IY

Previous GeophysicaI:bek éqhﬁpglNigerién Younger

Granite Province:

- Barly geophysical work done cn_thé Nigerian
Younger Granite Province was prompted by ecenomic need
beosuse of its mineralization., On the Jos Plateau,
resistivity and magnetic surveys were carried out ta. ...
locate buried channels where alluvial tin were
suspected to be buried (Du Preez, 1948; shaw, 1950;

Shaw and Cole, 1361), In 1963, an Aero-magnetic map was
published by the Canadian iero~Service Limited, This

was followed by a ground survey consisting of magnetics,

”-seismics, reaist1v1ty and pgravity (Masson-Smith, 1965).

Other research work in the area not prompted by b

economic considerations include a regional grav;ty

' survey of some parts of the vrovince (Cratchley and

- Jones, 1965) and a regional grav1ty survey of the R

province (Aaakalye, 1970).

Some of the ring complexes in the provinpe-have
been surveyed in detail., These include Ririwai (Liruei)
Younger Granite ring complex (.ijakaiye, 1968); the
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Bcnke Ring Complex (sjakaiye 1974); the Dutsen-Wai
connlex (Ajakaiye and Sweeney, 1974 ) and Dutse complex
{.’ .mosu’ 1 980 ) .

Choice of Geophysical Method:

Geophysicnl instruments 2 nothing more than
auxilicry eyes temporcarily suistituted for our
conventional method of obsury tion of the Earth
(Honson, 1966).

Acid intrusion such 2s tie Younser Granites are
almost invariably asscciated with negetive Bouguer
anomalies (Bott, 1955), These cnomalies are caused by
"irect density contrast betwecen The less dense granite
intrusion and the denser country rock forming the
bosement.

Several large negative snonnlies which cannot be
atiributed to ony exposed structure, seem only
rensonably interpreted as cue to unexposed granites
(Gozuel, 1950; Bott, 1954).

The results of previous ~eo hysical surveys of
other Younger gronite couploizus do show that the
grovity method has been very ellcetive in delineating

both exposcd and buried corlexes, Even very close



s

complexes have been clearly resolved on the basis of
gravity results (Bott, 1955; Ajakaiye, 1968, 1974;
Bott and Smithson, 1967).

The Shira complex has been geologically identified
as a Younger Granite ring couplex (Turner, 1976).
Hence the choice of the gravity method for this survey
is logical and consistent with earlier results of other
zeophysical work on the Younger Grenite Province of
Nigeria,
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 CHAPTER TWO

GEOLOGY.

The Granite Problem:

The granite problem cun be studied from the point
of view of their surface featuﬁes and emplacement of
granitic bodies,
A graniFic rock is a coarse grained acid igneous
rock, consis%ing edgentially of quartz and feldepar
with minor proportions of dark minerals such ag mica,
amphibole or pyroxene and occagsionally fayalite., They
are massive In structure but within a single mass there
may be variations (%urner, 1968},
Daly (1933} has shown thot granites form 95 per
cent of all plutonic intrusions, The plutonic associations
included systectonic, posttectonic and atectonic granites,
Falconer (1911) divided the granitic rocks in Nigeria
into two types, namely the Older and Younger Granites,
The Younger Granites cut across all structures in the
basement including those of the older granites. They
aive rise to rugged, well exposed massifs, The Older

Granites on the other hand tend to conform with the

&



7
strueture of gneisscs —nd i " titcs of the bascuaent coules,
but shew o nere subCucd roelief,

The two schools of thou 't on the origin of gronites
cre the nomotic ond the ethsciitic views, 3Based on the
me_wmatic hyrothoesis thoere "2 10 wossible nain mechanisns
for eaplccunents, These ore:. thot there wos - forcible
intrusion 2s a result of extern:l or interncl forces or
that there was o puernissive intrusion during the

cneorogenic episode (Bowden, 1°79). The metosomatic

-------

The Nirerian Younger Gronite Province shown in fiz 2
conprises over forty indivi’u -l rinz complexes of
Triassic to Jurcssic cre (Vin Dreeman ond Bowden, 1973),

Location of rin:; conplexes ~re not randon, They
are confincd within o distinet re:ion 2nd show clustering
and alignuents whieh su;;-est th.t pre-cxisting structures
nay have controlled their loc i m, Lines of weakness
in the bascnent appecr to urve iafluenced the location,

The clecrest example of boscrient control is seen in the
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NNW and NNE alignments of the ring complexws,

parallel teo zones of shearing, which accompanied the
enplacement of late instrusions in the older granite

series. Other directions of ring complex alignment
corresponds to basement joints and fractures (Turner, 1973).

Black (1969) has postulated that the development of
the Mesozole Nigerian Younger Granite province and the
disruption of the Gondwanaland may be related to the
game cause, namely that the linear distribution of the
ring=-complexes reflects the Iormer location of a zone
of high heat flow in the mantle, Wright (1971) has
observed that the province also lies on a continuation
of the African continental wargin to the south and was
possibly formed in a region of a crustal arching
developed prior to the separation of African and
imerican plates in the (retacecus,

The Younger Granites intruded a sediment-~covered
depression of late Precambrian to early Palaeozoic |
basement rocks of northern Nigeria in a N - S zone which
continues northwards to the arid region of Niger .

Republic (Black and Girod, 1970).



10

2.24.1 .'J._‘I_‘le Ring Cowplex Evolution:

The ring coriplex of Nijerion Younzer Granite
»rovince developuent folloved o re ulor pattern of
intrusive 2nl extrusive -ctivity which is observed to
repect throu-hout the - roviie. {urncr, 1972, 1973).

Turner (1263, 1972) subliiviicd the nctivities into
three phases, Phise one is & “ong ond voaried early
volcanism; This ¢ rly voleinic .ctivity was brouzht to
o. elose by the major cauldron-subsideng:; the sinking
of 2 cylindrical nass of guitry rocks 2nd volcanic rocks
into the underlying moyme-¢homier, with the formation
of 2 peripheral ring-dyke of grinitic-porphyry.

This was followed by.: sronitic phasce of entirely
sub~surface activity, This be;:n with an intrusion of
riebeckite~aegirine isranite, rising alonz the ring
frocture cnd invading the rhyolites within the ring-dyke,

The final phase is the en logement of 2 succession
of gronites within this ring=fiult, generally in a
concentric fashion, smong thie jrenites emplaced is
hornblende-biotite, biotitc 1 riebeckite,

The rins-conplexes of the llirerian type constitute

o link between surfrce vole nic fewtures ond their
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deep-seated magmatic sources (Bowden, 1970),

A notable feature of the Younger Granite is that
both intrusiocns and extrusions are almost completely
restiicted to within the confining ring-fault of each
centre, suggesting that the mogma~chamber was similarly

limited in size,

242¢2 The Structure, Petrology and liineralization of the

Younger Granites of Nigerid:

The Younger Granites of Nigeria are of varied
sizes, many of the larger ones being made ﬁp of two or
more overlaping ring complexes (fig 2). They occur in
& broad N - S zone approximately 60,000 km° with the
centre on the Jos Plateau where the greatest concentra-
tion of ring complexes exist (fig 2).

The ring complexes form distinct structural
features in the Younger Granite province because of the
high degree of exposure and varying structural depths
to which erosion has penetrated (Turner, 1968), The
northern ring complexes (including Shira) are exposed
at a higher structural level, They are less deeply
eroded than those of the Jos Ilateau and the southern

complexes (Turner, 1973).
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nccording to Turner (19350 the rock types eaxn be

divided pctrologicnlly into six pouns, These nre
biotite sronite; ecrly =néd 1l-to rhyolite; sroinites znd
porvhyritesy cegirine - ~privewconite granites; syenite
nd trachytes; gobbros, diorite, dolerites znd
b .ealts, these vcguyy ore:s i ereentoze of 45013 18,73
17.8; 14y 3.8 and 0,6 respectiiveliy,

The subvolcanic niturc el Lie gronites is shown by
the textural sequence from royolites originclly glossy
through porphyrics to corsc gjroined zZraonites, In the
northern prrt of the province therce is nbundant
rhyolitc associnted with fryolite gronite - pornhyries
amd peralkaline gronites. I the central and southern
prrts of the province, the col iexes are exposed uassifs
of biotite and hustingsite Lictite gronites,

The Younzer Granites rovince is the major source

nd

£2

of Nigeria's nmincercls such -5 tin (cassiterite)
columbite, Other uiner-liz Tion of econoumic iuncrtance
in the provincc orc wolfram, iclyhdenite, monazite,
zircon, thorite, jencthelvite, forgusonite and pyrochlore,

severnl minernls hove becn discovercd in Shirs coaplex
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these include aegirine-hedenbergite, ohevkinite and
narsarsukite (Bennett, 1981).

2,2.3 The Shira Younger Granite Ring Complex:
Most of the ring complexes have been mapped
geologically (Bain, 193L; Jacobson, 19L7; Bowden and
et Tyrner, 1974; Ike, 19793 Bennett, 1981), field

investigations suggest that the Shira complex is
doninated by peralkaline syenites snd granites which
ocoupies an area of about 152 Km? (Bennett, 1981).

- This complex can be divided into tinvee seotions -
Sqs S5, and S5, S, is dominated by the Shira quartz .
syenite and this has been intruded by a large cone sheet
of segirine arfvedsonite gronite and by microgranite
dykes (fig 3). These peralkaline syenites and gronited
are believed to represent successive intrusione from a
progressively differentiating magma chamber, The
aaglirine arfvedsonite granite has two facles distine |
fuished by the habit of the arfivedsonite and both facies
exhibit layering, 32 is composed of the ferrorichteritee
arfvedsonite granite and a small intrusion of syenite
(fig 3). 33 consists of the very poorly exposed

aluninous biotite granite,

¥
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The Shira quartz syenite consists of microperthite,
quartz, ferrorichterite - arfvedsonite and a little aegirine,
and the dykes related to it have a similar mineralogy but
are more mafic-rich, The granite (32) consists of micro-
perthite quartz, ferrorichterite~arivedsonite and aegirine,
The small ayenite intrusion on 32, has three facies which
oollectively contain microperthite quartz, ferrowinchite-
axrfvedsonite, aenigmatite and aegrine, The granite (83)
oontains microperthite, quartz and bilotite.

| VYhole rock geochemical data sugpest that there is a
progression from the s8yenites to the highly fractionated
granites; With regard to the accurence and characteristics of
the peralkaline and aluminous granites in particular, it is
goncluded that the peralkaline syenites and granites from
Shirs are the result of fractional erystallization from a
basaltic parent, whereas the aluminous rocks are the result

of partial melting in the continental crust (Bennett, 1981),
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CHAPIER _THR.S

ooooooo

Field Procedures:

The verticzl vordiotions in dunsity of horizontal
loyers affect 0ll observiitions to the sutae degree
(Miaze, 1966), These varictions thercfore will not
czuse any observed anom:ly ot the siations, The
horizontanl voaristions in dencsity of the crustal layer.
will cause voariations in the obs.rved gravity readings,

Fortunately the Younsor Cr-nite Province has been
associathd with a Bouguer nec:. . tive grovity anomcly
(. Jakaiye, 1970), Younger CGronite intrusive have
cor naratively lower densitics of obout 2,66 x 103 kg n
than the surrounding basencint rocks of dunsity
2,67 x 107 Rg m"3 thus resulting in a2 density contrast
of about 0,01 x 107 kg m™3, licnce the choice of the
grovity method in this study ol the Shira Younger
Granite Ring couplex is consistent with earlier methodology.

The grovity survey was corried out z2long the
traversvs indic-ted in fijure 3 between Junuary and
May, 1981, The traverscs consists of a major road and
Trocks running through the complex ~nd other rozds in
the viusnivy nf the complux,

10
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There were 02 base stotions estoblished in the survey
(£ig 3) and detail stotions were located ot one kilometre
interval, .. totzl of 127 km wos coverced., Both base
looping and detailed stotions ne surcments were carried
out simultaneously. This w:.8 Lecouse sone of the
troverses were along tricks wirlell were hordly wotorable,
1:50,000 topographic maps publiisiicd by the Federcl Survey
of Migerin were used to locote the positions of ecch
station, St:tions were deteruined using the odometer of
the field vehicles which hcd -n cccuracy of 0,1 km,
Stotions could be loccted on the 1:50,000 mep with a
precision of cbout +10 m, which ccuscs on error of
nbout +3 x 107> EelU,

The elevations of 21l the stotions were determined
using two Wallnce ~nd Tierncm ~ltineters, The vnlues
were compared with contours un the topographic maps and
both heigzhts were found to ¢ consistunt to an zccuracy
25,0 m,  4ll the altimeter recdings were tied to the only
known bench mark with 2 hei ht of 408,43 m, locnted at
the Post Office in ./zore,

THETRUMENT.. TION s

The main instruments uscd for the survey werce the

Jorden Grovity Meter and two J:lloce and Tiernan .ltimeters,
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3¢241 THE WORDEN GRAVITY METER:

The gravity measurements were carried out using the
standard Worden gravity meter model No. 135 belonging to
the Physics Department of Ahmiadu Bello University, The
gravimeter was transported by car or Land Rover Jeep, It
was secured on a cushion seat in the vehicle, The Worden
gravimeter has a fixed instrumental constant of 0,092
mgal, per division. The instrument was said to have an
accuracy of about.¢0.1 mgal for readings less than
2,500 mggl. Prior to the ficld work the instrument was
placed in a room and observed for three days from
0600 - 2000 hours. This covers the period within which
readings will be taken in the field, during the survey,.
It was observed that the driit rate of the gravimeter -
checked every three hours was not more than 0,10 mgalfhour
(fig L4)e This value is far bLelow the manufacturers

- recommended maximum drift rate of 0,30 mgal/hour,
Tha drift rate is of course an intergrated effect of the
diurnal drift, temperature drift and normal drift of the
gravimeter,

3.2,2 The Altimeter:

Two Wallace and Tiernan altimeters No. Fa181/mm/1911
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and No. Fa181/13560 were used in the survey, These
instruments are basically anerocid barometers, Rach
soole division on the altimeter is equivalent to ten feet
(or 3,05 m}, The survey altimeter readings were taken
to the nearest two feet (0,61 m), | B

A standard pressure -~ altitude relationship is
normally used in the calibration of an altimeter,
Clendinning et. al.(1969) fclt that the relationship -”;“
between pressure and height was not just a simple -
relationship, but that it was complex. This was because
pressure depended on gravity eiiect, air temperature and
humidity.

They proposed two assumotions either of which if
applied will ease the complex relationship between thé”
pressure and altitude, The assumptions are:-

(i) that the atMosphere is isothermal, that

is temperature does not vary with |
altitude or

(i1) that there is a const:nt rate of decrease
of temperature with increasing |
altitude i.e, a const.nt lapse-rate,

These conditions are however very difficult to attain in
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the atmosphere, hence corrections are made to the
observations of the altimeter for humidity, temperature,
and instrumental drift, as recommended by the designers
of the altimeter,
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4.1 3se Stotion .ct vork:
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-
A

The priscry basc of the survey 2t .zore hud ecrlier
baen ticl to the IG3S = 71 st tion ot Kno, ~.ad its volue
wes siven <5 97813L6G,5 CeUe LiedeTe Veraciden - Persond.l

Coamunic..tion). L oo

During the survey o tot:l of twenty-three bose
gtotions were estoblished, itcluding the primary base
st tion by the well known b e looping method
(llettleton, 1971), The dist-nc.. between the base stotions
voried from 5 km to 13 kn,

The readings were coriected for drift which included
tue instrumentol drift ond €id-)l vorictions, The drift
wos ossuned to have 2 linerr rol-tionship wifh time
between two control stotions, Sor o tine intervel, the
drift rate between two ~djoc .nt base stotions 'atl and 'b?

wes calculoted using the reiction,
(gb - 6‘:‘:- kK (P“I: o Ra) Pr e ll.g‘!

Ty = Y

Wherec N is the drift r-te, 7. =nd &y, ore the absolute

N =

velues of base stoations a, ziil b pespeocively, R, and Rb ~re the
. - :

T

&
ey
[
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gravity meter field readings at the times t, and tb

respectively for the base stations a and b, and k is
the instrumental constant,

The absolute value g; of a detail station i, is
given by g; = g, + k(Ry = R ) + N(t, - t)e - - - - = L2,

Where R, and ti are the grgvity meter reading and time

i
at the station i,
Elevation:

The altimeters, gravimeter and the psychrometer
were read along &ide one another, therefore the same
base stations were used for the different measurements,
The time between two base stitions were kept to a maximum
of three hourse.

The readings of the altimeters were first corrected
for air temperature and relative humidity as provided in
the altimeter manual, The elevantions of the base
stations were determined relative to the primary base
station whose height was §38,43 m., A linear drift rate
of the altimeter between two base stations was assumed as
was dane for the gravimeter readings,

An average of the computed values of the two

altimeters was found and used as the elevation of the
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stations. Each scole division on the altimeters is
equivalent to 10 £t {3.05 m) bubt during the survey the
spale divisions were read to the nearest 2 £t {(0.671 m),
The estimated error for each of the detail stations was
3140 m, Recent studies have indicated that in the West
African Savannah area considerahle reliability can be
attached to the results deduced from aneroid altimeter
readings due to the stability of the diurnal pressure
variation, An estimated accuracy of.i1;2 m in the day
during the dry season and 2.5 m in the wet season is
expected (Verheijen and Ajakaiye, 1980).

1o 3 Exgg-Air and Bouguer Anomalics:

The free ~ air anocmaly at < station was determined

using the equation
-#-dg
L

where gp 1is the free - air anomaly, gy is the absolute

arae e " gF = gs - gt h P — . - -— - - - - L’_‘B

grovity at a station, gy 18 the theoretical gravity value
axtrapolated from the reference ellipsoid and gg is the
vertical gradientaf grayity where R is the distance from
the reference geoid to the centre of the earth and h is the

height of the station above sea level,
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The Boujuer anomaly ot any st tion is determined
usin: the eyuztion
der
B = 8g = Bg + g h - 20QCh - ~ ~ - - - L4
Jhere By is the Boujucr anounly, < is the Universal
grovitotionnl constont, o5, dg ST ~8"in equation 4.3,
tnd Q is the nezn crustal density, Q is the assumed
orustcl density of the earth,
A8 . sre Ssme o S Gk

Ggr Cys Eﬁ and h a2re scue as in equation 4,3,

The verticzl gradient of gravity

%ﬁ = - (3,096 + 0,002297 cosf) g.,u/my = = = = L5
Grant ond West, 1965).

The latitude effect can be corirected for by using the
theoretical vzlue 8¢ which is given by
By = By (1 + ASin®@) + Bsin®2@) -~ -~ - - - 4.6

(Pelford et. ~1 1979).

wvhele Eo is the equatorial gravity iven as 9780316 Es\U.
end @, .., B are the latitude, 0,00530%4, and - 0,0000058
reshectively,

The Bouguer correction is ~olicd to remove the

effect of an assumed infinite sicb {the moterial between
the horizontal plane of each st .tion :nd the sea level)

wainh is 27y g Gh, where Q and h ©re as in equation L.k,
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This value is 1,118997 h, where h is the height of the
station above sea level 1n metres.

Possible sources of ervor in the elevation, Bouguer
anomaly or free-cir cnom~ly incliude the non linearity
of the drift rates and gravimeter, the precision of the
instrunents and cccurate loc tion of field positions on
the topographic maps which ~Zicct the value of the
lotitude corrections, The ncny linecrity of the drift
rites contributed on error of cbout +1.5 g.u., the
precision of the instrunent contributed an error of
about +0,9 g.u. while contribution by locating of field
vosition with difference of ﬂO.EO has an error of less
thon 42 ge.u. The elevation hoo en error of +1.5 w.
This error in the elevoation will ccuse errors of
+2e5 Bou. ond +1.§ g.u, in the free air and Bouguer
cnomalies respectively,

The total errors in e-ch determinction of the

Bousuer anomnly at any given ctotion is about 8.4 g.u,



CHAPTER FIVE

DENSITY  MEASURENMENTS

5,1 Introduction:

The gravity exploration method primarily detects
horizontal variations in the densities of rocks buried benéafh
the ground surface., Therefore to atteumpt any meaningful
guantitative interpretation of gravity data, the densities
of the dominant'rock types in the area must be determined,
Desldes, geophysical data interpretotions very much depend
on the physical properties of rocks; |

- Samples from various parts of the complex wefe collecfed
and carefully labelled in order to obtain as much factual

information as possible on the densities of the rocks in the

- aras.,

5.2 Sample and Identification:

A total of forty nine samples were collected at
different gravity stations within the complex, These sampies
were knocked off from oulecrops and as wmuch as possible only
fresh samples were collected. |
| Dr.'E;C. Ike of the Geology Department of Ahmadu Belio
University Zaria helped to identify and to classify the rocks,

27
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They include:~

12 smaples of cezirine mriwvedsonite 2lkeli

feldspor grenite, 13 sio les of cnnitic biotite

alkelifeldspir gronitey; 10 ornpivs of

ferrorichtorite - rrfvedsonite alknli-feldspor

gronite, ond 14 s~moles ferrorichterite

arfvedsonite nenigmotite cllieli feldspar syenite,

5.3 Density Measurcucnts:

It is often not ezsy to obi~in occurate bulk density
vzlue from rock szmples bec.ouse of the difficulty of
finding fresh unweathered somnles aos froguentation and
or .lehydration, invariobly h've ceted on the surfzce
outcrops. /lso in situ density ncosurcnent was not
possible becouse of luck of bor: hole in the complex area,
Howevir a fiir approxination to the in sddu density is
usunlly obtoincd by averoging the dry and saturated
laboratory density measurcocnts (Poarasnis, 1976).

nll weizht ncasurcnenis in the doensity determination
were done with the Electronic bolonece Mo, 15, In both

the Iry ond saturated density ccterninations the
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rook samples were ﬁéigﬂd in air and when completely
immersed in water, To achieve saturation of the rock
samples they were immersed in water for L8 hours, °

The density of any materlal is given by

Wa : : .
S e S

Where W, is the weight of the material in air and
ww is the weight of the material when completely
immersed in water whose density is 1 x 103 kg m"3;

Error in the Density values:

The "electronic' metter balence is accurate to about
4 % 1073 kg: The rock samples oollected range in mass
from about 0.3 kg to about & kg. The error in the density
determination of each sample would be about
2 x 107% kg w3,

Ta*le 1 summarizes the results for the densities
of the rock types encountered in the area., The difference
between the wet and dry densities was less than C,8

per cent,
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Table 1 DENSITY OF ROCI wiiES

""" R T TS ki G [vercre  [SERdrd
- B Densities Density Dueviation
ROCK  TYFES Souples .

x10°%ke > x103kg 0= x103kg n3
e . sl ¥ % Elm e - wa s}
Legirine~..rfvedsonite

S1kali Feldspar
Granite

R e s T T — .

.nnitic=Siotite i
alkelifeldspar 13 120 50-2,61 2,58 0.02 '
'Gronite : p b

1] . r L] r L]
D —pa b b N PP |

=y
N
(3% ]
.
\n
e

1
»
\n
(ve]

2,53 0,02

» Pferrorichterite r . : . '

-rfveisonite i -
Akalifcldsper 10 12461-2,63 2,82 | 0,01

Gronite

O e s n. 8 & = 8 & » —— .

Ferrorichterite
.rlyedsonite _
aqniufatite alkali 14 2,60~7,69 2,66 0,01
feldspor Syenite

. .t i o - __..Ii = o et oo
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The value of the densities of U:e Jdifferent rock types

eoree with the results of ecrlier rese: rchers (ijakaiye, 1975;
-mosu, 1980)s Histosrom was piotis’ Zur each rock type
(fin, 5,, The density values of 2,53, Z.356, 2.62,
2,66 x 103 kg m"3 obtained for e iriile-irfvedsonite granite,
annitic -~ biotite granite, ferroriciaturite arfvedsonite
granite, and ferrorichterite arfvedsonite syenite may not
truely represent the actual density of the rocks, in situ,
due to differcnces in compactness, il liguid edntent at
vorious depths. Hence the wean of the dry ond wet densities
vos considered as an approxinction of the “true" density of

the rock,



CHAPTER BIX

INTERPRET.TION OF GR .VITY DATA

641 The Description of the Bouguer :/nomaly Map:

The Bouguer anomaly shown in fig. & was produced by
csontouring the Bouguer anomalies ocalculated for each
station occupied during the survey., The contour values
ranze from - 100 g.u., to - 330 ge.,u. and the contour
interval is 10 g.u. |

in inspection of this map will reveal that there
are three major anomalous centres, two of which are
positive and one negative, labelled 4, B and C'reSpectiveij.
The vositive anomalies have a NE -~ SW trend with the
negative anomaly located to the 3k end. ' . 7;}7_

The positive anomaly A occuples an area of about
370 km2 at the northern section of the area under |
investigation. The contour values range from - 110 g.U.
to - 230 g.u., The pattern of the contours is pear-shaped
striking SW with its centre locatod off Shira along its
strike, ' |

33
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The positive anonmcly 0 s  circular shape oocupyiqg_
cn area of cbout 177 ku® =t tie south-western corner
of the orea, The contours » ¢ from =100 z.u.t¢ =240 z.u,
The pottern of the nesctive anonaly C is more
conplicoted compared with the rothee simple cnomalies A
andd B, It has nn E - W trend with contours ronging from
-~ 330 g.u, to - 260 g.u, This cnomaly occupies an area
of cbout 260 ku,
The locctions of the outcrrooped ring complex coincide
with the locations of the positive cnomaly 4 ot the
_ northern part and & negative cnomaly C ot the southern port.
6,2 The Regional -nd Residual .nom~ly separation:

------

6+2.1, The Regional .nomaly HMop:

anomalies of interest in grovity interpretations of
most cases are masked by deev s ted structures such as
the basement complex. The scocrntion of residual anomcly
by fitting the regioncl anoraly on the Bouguer anomaly
continues to constitute o nejor “roblem in the
interprctgtion of grovity dotc.,

There are two main weys by which a2 regioncl map con
be arrived at, These are turcush graphical and analyticnl

nethods, Unfortunactely nonc of the known methods can
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produce = unique solution, !Tettleton (1954); Dean, (1958
and Roy. (1968) hove pointed ou that differcnt formul-e
for the analyticol wethod rive cuite Aiffercent numericcl
results ond different grid socins z2ive difierent results
with the scme formula, The Je ree cf relicbility of the
grophical nethod depends on three ncin factors; personal
Judzement of the interpreter, _cological background and
cll the geological theories il assunptions he accepts
or devclops (Vajk, 1954).

Where the survey is of loctl noture requiring few
data set, grophical method inve been found to give good
results (Telford et 2l,, 1979.. This is the case in the
prescent survey, Conscquently prounhical methodshave been
used ond found successful,

The geology of this arcs heos been mapped in detcil
(Bennett, 1981), Som¢ grovity work had 21so been done
around this area (\\Jjokoiye ond Jurke, 1972); these
indicate volucs of about - 300 5,u, in the northern and
eastern parts,

man initinl regional nop was generatced using the
regional trend of the Bousuer cnomaly map of Nigeria by

«Jokaiye and Burke (1972). i urofiles werc token at
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random over this uar. The anomalies wers snoothen ‘and

the resulting curve were plotted and contoured to give |
the regional anomaly map of the area (fig 7). Theoretically,
the reglonal ancmaly (map) is what one removes from the
observed anomily in order to make what is left look like

the structure (Nettleton, 1971.., BEven though this is often
or probably the case, there is anlways a check on what can

be considered as an acceptable regsgional anomaly map of an
area, For exauple, & regional ancmaly should have least
vorrelation with the elevntion map (Grant and Elsaharty, 1962),
A correlation test along the profiles gave an average
correlation coefficient of -~ 0.06, This result implies

very low correlation between the reglonal map obtained

and the elevation.' Hence the reglonal pgravity map (fig 7)
produced through this visual smoothening was assumed to he
rapregsentative of the regional anomalous features of the
area, and was therefore used to produce the residual map.
shown in fig. 8.

6.2.2 The Residual Anocmaly Map:

The contour values on the residual map rangé from - 70
Cels to 140 gou. (fig 8). There nre two distinct positive

anomalies on this map, which have a NE - SW trend

3
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vith contour values ranging Iron - 10 g.u. to 70 g.u.,
and =10 g.u. to 140 g.u, reg ectively.

4 major negative anonnly is located in the central
part of the map with contour viliues ranging from - 70 g.u,

to -~ 10 g.u.

6,3 The walitative Interpretcition:

6,3.1 The Profile aa' (NE = SV :

-

The profile AA' extends from azare (NE end) through
chira to Yana and beyond in the SV direction and covers a
distance of 46 km (fiz. 9). o negetive residual values
at the NE end of the profile correlate with the geological
observation that azare is loc *2d in the Chad Basin (fig 1..
The residual gravity anomaly v.. .ues gradually beconéd 1oreé
positive as the profile zp. rocches the Younger Granite ring
conplex, and attain a maxisun value of + 70 g.u, over the
northern part of the ring con:lie:,

Negative gravity anomclies have been associated with
Younger Granites instrusions vithin the basement complex
(+jakaiye, 1968, 1970, 197!, 1.75:; and amosu, 1980), and
acid plutons over the country rock in general (Bott, 1953,

Bott and Smithson, 1967), The ..0st probably czuse of the
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6¢3.2 The Profile BBf (NW - SE):

N AR

observed positive gravity anomaly at the NE end of the
profile AA'Y is an unexposed intrusion of a high density

material within the Younger pgranite complexy while the

b
observed negative gravity anomaly along the profile is
probably the intrusion of the Younger granite ring complex

(Syenitic rock type exposed) within the basement complex

at the SW end,

This 4O km profile runs along a NW - SE direction
across the complex passing through Shira (fég. 10), The
observed residual gravity anomaly along this‘pfofile BB!?
is similér té that bbéervad on profile AA' {fig. 9). The

positive anomaly of amplitude + 70 g.u. is also nbsérvéd

_ oVéf:mn exposed arfvedsonite granite and biotite granite of

the Shira Ydﬁngér granite complex, The pattern of the
observed residual anomaly does not obviously correlate
with the local geology which 1s siwmilar to profile AAT,

It is obvious therefore that this positive anomaly is
possibly due to a high density intrusive buried at shallow
depths within the Younger granite at the NW end, as in
profile AA', The negative residual gravity anowmaly

observed at the SE end of this wrofile BB' across the
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aenigmatite alkali-feldspar gyenilie is expected since the
densitly of the syenitic body is lower than that of the

‘basement rocks,

6e3¢3 The Profile CC' (NNW ~ @SE)}:

' This I3 km profile runs across Yana in a WNW -~ ESE
direction (fig. 11). The residual anomaly shows a central
minimum of amplitude -~ 85 g,u, This negative residual
gravity asnpmaly correlates with the exposed ferroriwinchterite/
ferrorichterite arfvedsonite aenigmatite alkali - feldspar
gyenite which intruded the basement complex rocks in this

6e3ulte The Profile DD! at the SW oorner !N?S)t -FQJT_J

This N-—S profile (fig. 11) is located at the SW corner
of the area under investigation (fig. 8). It is 18 km long
and was isoclated for interpretation because of its large
positive andmaly observed,

Since no outcrop is observed along the profile which
is located on the &pparently honogeneous basement complex
(Bennett, 1981) the causative bedy is proposed to be an
intrusion of a high density body buried at shallow depths
within the basement complex (Bott, 1953). The density of

this buried high density body is assumed to be the same as



45

o ) ‘
WNW _ ES
C(;m. ) 2 — Bg'u uer
”'*‘\ » ~ = " Regi
P B e o e o Bt
1.501'-’_ e -'// ‘\
(g.uJ/-"// \ _ /\
-2904 \_/f
i .

-40
(Qu.)

-aor_

v — e ——

Fig.11 THE GRAVITY ANOMALES OF PROFILE  CC




P '— o

-390
-lnr
( gu)
-170r

-210
- 2501

1607
{gQu)

Fig.12 THE GRAVITY ANCMAUIES OF PROFILE DD,




W7

that PfOPOSEd in the pfofiles 44! and BB!,
GQu_Qgggﬁitative Interpretation: . L

6.1.1 Introduction:

The usual objective of quahtitative 1nterpretétion 1=
té oaleoculate the depth, size and shape of the body causing
the gravity anamaly (Grant and West, 1965). - Often there is
an errchneous assumption that the c¢alculated body is a
unigque solution to the cause of the observed gravity
anomaly. Whereas a buried mass with a.specified position,
shape and density will give risc to a predictable gravity
field on the surface, any observed gravity field could be
produced by an infinite number of possible mass distributions
{Dobrin, 1976), This non-uniqueness in the interpretation
of potential field data not withstanding, indirect method
of modelling is used in interpretation of gravity data,

This involwves postulating several models of bodies based on
density and geological considerations, and calculating their
gravity effects, The calculated fields of each model is
compared with the observed anomalies and the model that
gives the best fit is assumed to represent the causative

bodye
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6el442 lModelling:

A two-dimensional interpretation was attempted along
four profiles (aa', BB', CC!' and DD'), two of which were
almost at right angle to each other, These profiles run
across prominent anomalies on the Bouguer anomaly map
(fig. 6) and the Residual anomely map (fig. 8), and in
most cases these profiles coincide with the field traverses,

In modelling the causative bodies beneath the profiles,
available geologic informations suoh as the geologic
boundaries, the average dips of the beds were used in
comstraining the models. The intrusive body and other rock
formations were assumed to be homogeneous, and theresfore Las
a oonstant density.

The density values determined in chapter five were
employed in the modelling., The syenite, arfvedsonite
alkall feldspar granite and the aluminous biotite granite
have densities of 2.66, 2.62 and 2.58 x 10° kg m™3
respectively, and these values are comparable with the
density values got by Ajakaiye (1968, 1974, 1975). The
density of the Chad Basin formation waw taken as
2.4 x 103 kg m™> (Myada, 1978). Due to lack of outcrops
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of the basement complex no samples were collected,
however, the usually acceptable density 2,67 x 103 kg m-3
of the basement rock was taken, and this is the value used
by earlier researchers (Bott and Smithson, 1962;
Ajakaiye, 1968),
Bott and Smith (1958) proposed formula for
calculating the maximum depth of the basement structure
was used as a guide in the initial model.
In the modelling, the anomalous body was assumed to
be irregularly shaped and its cross-section is represented
by a2 polygon with finite number of sides, The density
contrasts of the different geologic rock types with respect
to the surrounding bed rock (basement complex) was fixed and
the coordinates of their cornmer points were adjusted until
the calculated anomaly fit approximately the observed anomaly,
The modelling was facilitated by using a computer
programme developed by Nagy (196l.) and adapted by 0je (197L)
~ to suit the computer of the Ahmadu Bello University.
Golte3 The Interpretation of the Profiles:

Two distinct residual anomalies, one positive

and the other negutive (fig., 13) are no doubt
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of interest, The positive anbmaiy has already been

suggested to be due to un unexposed intrusion ﬁf a

high density material within the Younger granite,

The negative anomaly at the NI end of the profile

has also been attributed to the sediments of the

Chad Basin, while the minimum at the SW end is

possibly due to the effect of the exposed Younger

granite intruding the basement complex,
Several wmodels were proposed and the model that

gave the best fit is drawn in fig. 13. The sediments

dip gently at an angle of 2° to the horizontal away

. from the basement. The contact between the |

sediments and the bascment along this profille is

located at 17 km NE of azare, |

v The observed positive anomaly across the

arfvedsonite granite and part of the biotite

granite (fig. 13) is interpreted as being due to

these two bodles,whose density contrasts are observed

from the surface,to depths of between 2,5 to 4 km and

10 to 2.0 km, respectively, The arfvedsonite

' ;granite is exposed between 17 and 22 km from the

NE end of the profile while the biotite granite is

b
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exposed between 22 gnd 20 km, A high density body,
possibly a basaltic plug is buried at depth
between 2,0 km and 5 km ond is 17 km wide, The
aenigmatite syenite overlics the biotite and the
arfvedsonite granite layers and it extends to depths
between 0,5 km to 1,0 km and is exposed between
28 km and LO km from the NU end of the profile,

(b) The Profile BB' (NW - SE):

Similar to profile L/.Y, profile BB!' has two
distinct residual anomalies of interest, 1In the
model (fig. 14) for the observed anomalies along
this profile the Chad Basin is at the NW end and
has sediments dipping gently at an angle of 3°
to the horizontal away from the basement, and is
underlain by the basement complex, The contact
between the sediments and the basement along this
profile is located at 12 km from the NW end, The
positive anomaly observed across the arfyedsonite
and the biotite granite is interpreted to be due to
a high density body possibly basaltic plug buried
at depth 1.5 km within the arfvedsonite granite, and
has a lateral extent of 9 km, The arfvedsonite granite
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density contrast is observed from the surface to a
depth of L ¥m and has a lateral extent of over 34 lm,
Overlying the arfvedsonite granite is the biotite
granite, and is exposed from 14 km to 20 km from

the NW end {(fig. 14} The syenitic. layer overlies
the bictite granite and is exposed from 20 km to

the SE end of the profile. | Lo

The Profile CC!' (WNW = ESii):

The main rock type exposed along.this pfdfile
is syenitic, which belongs to the younger granite
group of rocks, An initisl interpretation assuming
the profile is underlain sclely by syenite and
basement rocks can be calculated to approximate the
observed gramity anomaly, & body . of thickﬁess-much
gréater than 8 km is requircd if thé surface density
contrast between the syenite and the basement
(0,01 gfem”, Table 1) is uscd in the calculation.
This thickness far exceeds the calculated models

for dther ring complexes within the younger granite

- province (Ajakaiye 1973, 1974 ;Amosu 1980). Since

Lo

this profile CC!' cuts across the same younger granite

complex, the interpretation of the other profiles
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along which the other rock types of the complex are
exposed will influence the choice of a suitable model,
Hence the layering exhibited in the models of
profiles AA', BB' is considered to be likely in this
profile CC' (fig, 15).

In the model with the best fit, the syenite
has a maximum depth of 2 kn with a lateral extent
of 30 km and overlies the biotite granite., The
biotite granite is at depth between 1,5.km and
2,5 km with a lateral extent of 22 km and is
underlain by the arfvedsonite granite, This
arfvedsonite granite is buried at depth between
2,5 km and 5 km with a lateral extent of 16 km.

The Profile DD', (SW corner, N = S):

The profile DD' located at the SW corner is
the only profile which does not cut across any outcrop.
A proposed model which fits the observed gravity
éﬁqmaly shbwq in fig 16 is a body which intruded
the basemént.-”The depth to the surface of this
intrusion va}ies from 0,5 km to 2 km, At a depth
of about 2 km and 3 km there is a lateral spread
extending to 15 km, This body is suspected to be
basaltic,
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CHAPTER S.5VE0

DISCUSSION _ifD i USION

7.1 Discussion:

An accurcte estim~tion of the regional gravity anomaly
trend is significant in the interoretition of observed
Boupuer grovity anomalics in idven crec., In this survey
cres. the regional trend coull not be ensily deduced from
the observed Bouguer grovity nouclies beciuse the arec is
underlain by three distinct groups of rocks, the Chad
formation, at the north, the younger gronite {complex of
interest) and the basement con:lox at the south (Bennett, 1981,
Both the Chaod formation (sediucnts) and the younger
grcnite exhibit negoative grovity anomclies because of their
nesotive density contrast with respect to the basement
connlex. The regional trend wos therefore deduced from
earlier work in the area (Crotouley ond Jones, 1965;
sdckaiye and Burke, 1972; .Jjliaive and Verheijen, 1977.

Gravity cnomalics are oro tly influenced by densities
of the rock types in sitp, hence cmphasis is placed on
the density values uscd in interoretation. 4n attempt

was therefore mode to colleet @ truly representative
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somple of the rock types in the rrea for density determinations,
The density values obtained for eccl: rock type, used for
interpretation compare favournbly with values obtzined by
ecrlier workers (. jakaiye, 1970, 197, 1975; .mosu, 1980),
‘The observed residuel znorclices (long the profiles

-

gonerally corvclite witu the surs oo cololy, For example

ot the M2 and N ends the nezotive cnouclies are observed across
the Chad Basin, While the southern ends of the profiles
correlate with the bascuent conplox,

The intense positive anomalics ouscrved along the profiles
f.:ty 3 and DD' which show no correl:tion with the surface
seology have been attributed to hizh density bodies intruding
at releatively shallow depth of more than 0,5 km,

.1though the arfvedsonite gronite, the biotite granite
and the Syenite are exposed at vorious locations
{@.7s Drofiles s..', BB') of the younger granite ring complex
it would appeur that at certain locstions at depth the
syenitic rocks are underlain by the biotite granite ond this
biotite granite is underlcoin by the crfvedsonite (fig. 13;

1} and 15). The arfvedsonite gronite though sparse in
exposure, extends to greater deptiis (I km) than any of the
other rock types in the younger ‘ronite complex and 4he

lateral extent is over 30 ku, Sone outcrops located about
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10 km west of the nain commlex is ilentified os orfvedsonite
granite, The biotite grunite is lso sporse in exposure but
extonds to Cepth of zbout 2 km with 2 lateral extent of zbout
12 kn ~lon~ the »rofiles (fis, 13, 1 rnl 15). The syenitic
rocks ore massive in exposurc but sbollovest ©s suggested by
tiie models (fig. 13, 14 ond 15} =nd the iatural extent is

of aver:ze 15 kn,

The . usual 'knifc edge' shoro coatacts between various
rook .ypes of the younger gronite Hrovince that were
envloced after considercble time interval (Turner, 1963)
exists between the biotite granite ond syenite, Besides,
there 1is 2 marked density controst between the two rock types
{biotite granite and syenite) cnd the syenite overlies the
biotite gronite. These facts su c¢st that the syenitic
rock were emplaced before the biotite sronite, But there is
no shorp contact between the arfvedscnite gronite and the
biotite granite and the density ol the arfvedsonite gronite
is greoter than that of biotite gronite., sHbove reasons suggest
thot the arfvedsonite gronite woes enjloced soon after the emplace-

L

ment of the biotite ~ranite, This 'roposcd order of emplacement
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crirees with those observed i: other ring complexes in the

younger granite province (ITuraer 1963, 1972, 1973).

A high density materisl, o©s3s3ibly basaltic in nature
is postulated to intrude the rivedsonite granite (fig 13, 1'.
ancC. the basement comvlex (fi; 156 at depth. This intrusive
apoears to be confined within Th=z crfvedsonite granite, and
posuibly does not extend to .. other rock types of the ring

com:lex, The proposal thal

0

nigh density material is
basaltic appears reasonable since basalt outcrops at some
5 km beyond the Shira Younger »r nite ring complex at the
western section of the arei. wi'er investigation (Bennett, 1961,

Recommendations:

It is recommended thet:

{2, Seismic method be employed to confirm the depth
extent of the three mcin rock types in the Shira
young granite ring cow.lex,

(b, In sitw dehsity determin tion be carried out to
give a more representitive density values of the
various rock types when bor:holes are cvailable,

(c. & geochronologiczl stuly e curried out to

test the layering hyootiicsis vostulated in the models,
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Conclusion:

1. The neen densities of Tha v rious rock types in

the Shira Younger gronite rii; complex are: arfvedsonite
groanite, 2.62 x 10° kg m"B, biotite gruniie,

2,58 x 10° kg m™3, ond syenite, 2,66 x 10° kg u -,

2o 4 high gravity anomcly is obierved over the
northern part of the Shire younicr grenite ring complex,
which is caused by 2 basaltic intrusion within the
younger granite, At the southern part of the younger
granite complex a low gravity onomaly is observed which
iz typical of the younger grunite province,

3. The gravity interpretation suggests that the
different younger granite rocli types that form the
plutonic intrusion of the Shir: complex form a layering
at depth with least exposed, arfvedsonite granite being
the most deeply seated while ©the highly exposed,

syenite is the shallowest,
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Number
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30,81
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Height
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