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ABSTRACT

The results of a gravity survey carried out in the
Middle Benue and discussed in this work, indicate the
existence of arift of normal width (about 40 km),
buried under Cretaceous cover. This rift is axially
located between the axial ridge of the trough end the
northern boundary of the trough. The gravity low (about
- 37 to - 15 mgals) which occur between the axial ridge and
the southern boundary of the trough has also been ascribed
to another rift. The interpretations further suggest the
existence of buried, deeply - rooted (about 7 km) intermediate
and localised volcanic intrusions, whose tops are located at
about 200 to 500 m below the ground surface, just beyond the
present margins of the trough and along the axial ridge
of the trough respectively. The above facts suggest that
the Benue trough did not only originate through rifting
but that it may presently consist of two parallel rifts
which are separated by an axial ridge.

Furthermore, the gravity data suggests that the
Middle benue can be divided into five structural regions
which includes a previously unknown (geologically and/or

geophysically) region. Within the four regions which

()



contain known structures, the trends and locations of the
structures were confirmed by the gravity data. However,

features such as the trend of the Giza syncline between

Radarko and Obi and the location of the axis of the Keana
anticline in the project area, as deduced from the residual
gravity map, did not agree with those on the geological

map. The new structures revealed by the gravity data

include a broad anticline about 30 km south' of the River Benue,
which is axially placed within the trough as the Keana anticline
about 30 to 40 km north of the river, and a normal fault which
separates the two axial anticlines. The new structural region
deduced from the gravity data is characterised by low gravity
(values - 20 to 36 mgals)and it is a southeast trending zone which
might be a zone in which subsidence is accompanied with block
faulting. Finally, the results of the work also suggest possible
reasons for the geological peculiarities of the trough such as the
abnormal width of the trough, the folding of the sediments in the
trough and the apparent lack of surface, indications of rifting
at the margins of the trough.

(i1)
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CHAPTER I

IIITRODUCTION

1.1 Background and Aiwc of the jresent survey

The author became aware of the gravity survey of the
3enue trough by Cratchley and Jones (1%65) as a result
of a graduate seminar he g-ve in 1973 on a2 geophysical
work in Nigeria, "hile studying in the Zolorado ~chool
of Mines, Solden, U. 7. From the work of Z“ratchley
and Jones and other publications on the Benue Trough,
the author realised that the issue of the origin of the
trough had not been resolved  Geveral theories have
been proposed by different authors to explain the origin
of the trough, Among the popular theories are:

(a) the rift origin (Idng, 1950)

(b) a geosyncline with folding involving the

basement (Lees, 1932)
(c) a combination of a rift valley and a geosyncline
(Cratchley and Jones, 1965)

(d) a spreading ridge (Surke et al, 1970)

(e) a subduction zone (3rant, 1971) and

(f) 2 zone with an "on and off" Cretaceous hotsbot

(Olade, 1975)
some of these theories tend to contradict rather than

complement ez=ch other,



2

Also, these theories failed to erpl:uin some peculiar

properties of the trough pointed out by uright (1068, 1970).

These peculiar rroperties ~xe:

(%)

The fxct th-at thz width of the txough is

about 130 to 145 kms, This is two to thres

© times wider thoan th-t of & norm-1 rift valley

(b)

which is usually cbout 50 + 15 kms (Holmes, 1901),
Tnie £ct thot the scedkBents within the
trough are folded with their 2xes parallel to

the axis of the trcugh,

! In an attempt to resoclve some of the problems above,

raised by previous workers, the author decided to carry

out 7 detailed gravity survey cf = portion of the trough,

The Middle Zenue w:s chosen because of itc relativaly easy

accessibility. The aims of th2 survey thus included,

(1)

(i1)

to attempt to throw more light on the controversy
of the origin of the Benue rough,

to 2ttempt to explain wiy the 3enue Trough

is considexrably wicder than most rift valleys

in olh@;_parts of the world and

to contributce to the gener-:l knowledge of the

structural geology of the Middle Benhue,



2 Previous Seophysical HWork in the Froject Aren

o

The m2jor geophysical work carried out in the project
area prior to ‘the present survey was the gravity work of
Cratchley and Jones (1965) carried out over the whole of
the Benue Trough which includes the present project area.
This survey was primarily carried out to determine
whether or not the trough originated through rifting.
Even though the survey partislly confirmed the rifi
theory, the limitations of the survey were the large
station interval (5km) used and the gross inﬁdé“UQcy of
roads in the entire ~ren dpring the time of curvey,

Between 1965 and 1976, there was ne published
geophysical work of any tyre in the project area,
fJakaiye and pjayi (1977) carried out o detailed gravity
survey of the s5alt springs area of the former’Lafia |
Divigion, for the iligerian Mining “orvoration, purely to
explore for rock zalt deposit(s)  ‘kubue (1977) carried
out a resistivity and a gravity survey of the Cbi coal-
fields Because of the restricted nature of the survey,
the results could not contribute to the knowledge of

the regional structures in the area.

i
B |
1
i
;



Umego (1978) carried out = det-~iled gravity survey around
the salt pond in Ribi following the recommendations of
Ajakaiye and Ljayi (1977). The primary aim of Umegofs
survey w25, therefore, related to the origin of the salt
in the brine water of the pond and not the regional
structures in the Middle Benue

In view of the foregoin-, only the survey of Zratchley
and Jones (1965) yielded information on the region-l
structure of the Middle “enue out of 211 the geophysical
surveys carried out in the are» prior to the present survey.

1-3: Gener -l Description of the Iroject Area

1.3.1 : Location of the Jenue Trough and the Froject Area

The Renue Trough, a physiographic unit sandwitched

between the Northern (Hausa) Higlilands and the Jos

Flateau to the northwest and the Caimeroons-Damend:.-

damawa Mountains to the southeast (fig 1-}1 occupies

the eastern section of €Central iligeria, The trough is

about 130 to 200kms wide, about 500kms long and is
approximately oriented in the southwest-northeast direction.
The major physical feature in the area is the River 3enue

after which the trough is named.



’\

’
\ 5
«— HLLS AND PLAINS OF
\ KERIKERI AND GOMBE .
&
,\0 ™\ : \
6*’0\3’* CHAD BASIN
£ \ BIU PLATE AU
o J .~ AND PLAINS.
HIGH PLAINS OF -
. \ HAUS ALAND
\4,,9\\
\ o\ ~— /- MANDARA
i MOUNTA INS .
| T N e
ch \ PLATEAU
\ b
N o
. ~ o «00 )
- ] e d N
~ 0'; F) ‘\Q.
WESTERN PLAINS ® s
= -—
AND RANGES. — // &
8 § /A
besEe~—— /5| 2 3 ,
__5SEctep MA RGN S '3
£ s
8o 2 NG odf Danx
ASTAL cregy N~ L 8N
AND Laa XS Y=y w (& m_.__.. . ¥MS
OONS ., E— e\ @ g B %:::1___ __..gu
DELTA -
T DISSECTECTED MARGIN.
/ COASTAL -~
~ CREEKS. TCAMERGON MOUNTAMN.
NOTE :-

{1} boundaties are not fixed.
121! some uwts can be subdivided .

(3) unit names are arbitrary.

[AFTER BUCHANAN & PUGH , 1869 )

FIG.1 -1 : THE PHYSIOGRAPHIC ( Topographic)
UNITS OF NIGERIA.




The trough has been broadly divided by Cra.chley and Jones
(1965) into three regions, namely the Lower (Southwest),
Middle and Upper (Lbrtheast) Denue,

The project area, for the present survey, lies within
the Middle Benue (fig. 1-2). It is bounded in the %est
by longitude 8°30'7= and in the east by longitude 993013,
1.2titudee 7°15'11 and 9°I form the southern and northern
boudaries respectively The project area approximately
covers 22,000 s~uare kilometres.

1 3.2 ; The Relief, Climate and Feople of the froject Area.

The relief, both within the project area =nd the
entire Benue Trough, is gener-lly low, Along the River
Benue, elevations are usually in the range of 60 to 70m.
Towards the northern and southern boundaries of the trough,
the elevations are 2s high 2s 250m, 1In between these two
extremes, elevationz increase gradually in form of rolling
hills with elevation increasing towards the trouga
boundaries., Deyond the boundaries elevations increase
rapidly towards the highlands (fig 1-~3), 211 the rivers

in the project area drzain into the River Benue (fig 1-3),
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The vegetation in the entire Benue Trough is mainly
the "parkland savann-h'' or the '"transitional woodlandn
type (3uchanan and Iugh, 1969; Udo, 1970). Because the
area has a mean annual rainf-ll of about 1'5cm spread
over six to eight months, the region is a transitional
belt between the rain forect region to the south and the
pure savannah (grassland) to the north, Similar to 2ll
parts of the Guinea savannah, the project areas has two
distinct seasons - the wet and dry seasons, T:e wet
season is approximately from l1id-larch to lid-llovember
vhile the dry season occurs in the remaining months,
Maximum temperatures in the area are un to about 339C
and 25°C during the dry and wet seasons respectively.

It is pertinent to mention here that roads which are
uaterlogaoed and therefore unmotorable during the ret
season become dry and motora»le during the dry senson,
This fact coupled with the scanty rainfall in the dry
season, makes the season the most ideal period toc carry
out any field vork in the area

The project area is largely in the Tivland which is

spread over parts of the Benue, Flatezu and Gongol: St:tes.
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About 5) to 60% of the project area is occ pied by the
Tiva. Other ethnic grcups found in the area are the
sxages, the Hausas and the Jukuns, The major occupation
of the people is farming., DBecause of the fertility of
the soils in the area coupled with the farming ability
of the people, the area is a majoxr food producing part
of the country, In places where salt springs exist,
some of the women are involved in refining salt from the

brine obtained from the springs,

1.4 + The Field Work

| The field work involved six field trips, between
December 1975 and October 1978, carried out either to
collect new data or to repeat measurements suspected to

be in error. 1In all, 60 basze stations and 1400 detail
stztions were established in the area using a Vorden
gravimeier. The gravity sti-tions were estinlished at

1lam interval on 211 motorable roads =nd tracts in the area.
There were no benchmarks a2t most of the gravity stations
established. The elevations of such stations were deter-
mined from the readings of two Ydernan and Tiernan altimeters,
In addition, rock samples were collected during the field

trips for density analysis, _ _ o
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THE GZ0LOSY OF TIIE MIDDLE ZEMUE

2.1 : General %eology of the Benhue Trough

seologicz1lly, the Benue Trough coincides.ﬁith the
physiographic region of the same name discussed in section
1-3 »~nd shown in fig 1-1 The trough is filled with sedimentis
of up to 5,500 m in thickness (Carter et al, 1963) and
is about 110 m.y. old (UWright, 1970) Rven though all the
previous workers in the area do not agree on the mechanics
of the origin of the trough, most of them have thought it
to be a rift valley, “3 earlier mentioned, the sediments
within the trough are folded with their axesz of fold
parallel or sub-parallel to the axis (length) of the
trough, The folds are usually less than 30° (3urke et al,
1963; Offodile, 1970). <olcanic and igneous extrusives
and intrustives of Cretaceous to Tertiary age are found
within the sedimentary units, These volecanic activities
were apporoximately centred nlong the awis of the trough.
The age of the sediments range from Middle-Late leian':
to lMaestritchian (Cffodile, 1976).

4
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As earlier mentioned in section 1,1, “here are
certain geological occurences in the trough which are
thought to be peculiar to the trough as a rift valley,
Listed belowr are the two peculiarities:

(i) the excessive width of the trough,

recording to Wright (1968, 1970),
the vidth of the Benue Trough is about
two to three times that of a normal rift,

(ii) the folding of the sediments it contains,
Further to (ii) above, Burke et al (3970) asserted that
the Benue trough is the only rift valley in the world
which has a fold axis parallel to its length,

The project area is assumed to possess the peculiaritiec
and features of the Benue Trough so far discussed because
it occupies the middle part of the trough,

2.2 ; TLe Geological lMap of the Froject Areca

The Benue valley (trough):is yet to be completely
mapped in detail, geologiczlly, LAt the time of the survey
of Cratchley and Jones in 1965, the north-easi and south-

west paItions of the trough had been 2de-uately mavned.
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dnlthe wasis of the piecemeal information obtained from
various sources, published and uwppublished, these authors
produced tentative stratigr-phic columns for the three
divigions of the entire Middle Benue - namely the Lower,
riddle and Upper 3Denue. Since then the situation had not
improved significantly. Burke et al (1970) did some
detailed geologic mapping in the north-east part of the
valley., Recently, several geclogigts have embarked upon
the process of mapping the Middle Benue in connection with
the exploration for minerals by various gevernment agencies
sucli as the Nigerian Steel Development Authority (11GDA)

and the Nigerian Mining Corporation (IMC). Most of these
exploration activities are concentrated north of the_Rivex
3enue in an area which represents, and also overlaps, aboﬁﬁ
one~third of the author!s project area. In 1970, Cifodile
published a detailed geological mop of the Lafin sheet, .
bounded by longitudes 8301 and QOC'E and by latitucdes

8% and BOBO'N,and a reconnaissance map of the adjacent
‘kiri sheet, »ounded iy longitudes 9% and 9°30': and

Wy latitudes 8°c' and 3°30'N.  The tvo naps toéetﬁérg cover

the area of active exploration mentioned above.

I
~
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The Gec.ogy Dept, of this Uadvercity is pr sently activ
engaged in field work in the area below the River Benue
and they have publiscshed a geological map of the Makurdl
sheet, bounded by longitudes 8°301t and 9°¢' B and |
latitudes 8001 and 803011-7, vhich is directly below the
Lafia sheet.

A5 a result of the above facts, the only geological
map presently available and vhich govers the entire
project area, is that tentatively produced by Tratchley
and Jones (1965}, This map is not ideal for a detailed
geophysical work of the type now beinddiscussed, rig.2-i,
the geological map of the project arez, was compiled by
the zuthor on the basis of the informntion obtained from
“ratchley and Jones (1965), the Geological Map of lMigeria
3.3.1M., 1974), Offodile (1976) and Kogbe et al (1978).

(
2.3 : Tue Stratigraphy of the Sedimentary Units in the

Froject Area.

i oix different formations have been identified in the

Middle Benue by the previous workers. Some of the formatic: -

have been grouped together Dby certain authors {(Jimpsor, 16¥°

Reyment, 1965; Cratchley and Jones, 1965),

14
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The names used in this report are those derived by (ffodil.
(1976) for the formations encountered in the Lafinr-‘we
area, vhich the present author considered to be represeniatl”
of the Middle Benue., The stratigraphic column for the
project area is shovn in table 2-1, The various fomations
which exist in the area together with their corresponding
lithologies and approximate thicknesses are as described
below,

2.3.1 + The Asu River Formation

The &su River formation is the oldest sedimentary
deposit in Migeria, It ig £lbian in age and, therefoxe,
rests uncomformably on the crystalline basement which is
of Paleozolc age (Cratchley and Jones, 1965; Oyawvoye, 197C),
Tt consists mainly of doark shales of morine origin and is
thought to have been formed during the transgression of
the ocean water immediaiely afier the rifting of the trough
Towards its base, it consists of micaceous siltstones,
midctones and clays of varying colours, “here the formatinn.
iz in contact with the igneous ertrusives, the mudstiones

have been locally baked,

o
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Table 2-1:

{ Compiled

The stratigraphy of the Middlie

and Cflodile, 1574)

Benue.

from Crotehley & Jomes. 1965, Wright,

1975,
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3000m has been suggesied as the maximum thickness of the
formation in the =zxea (Offodiie, 1976). This formatidn
froms the core of the Kean- fnticline,

2,3,2, + The Awe Formation

This is a formation of whitish sandstones, thought
to‘he transition-1 beds formed between marine =nd fluviate
conditions (Gffodile 1976). The grains of the sandstones
vary from medium to coarse. In some locations, the
sandstones are calcerous but towards the base of this
formation, they are fine-grazined and current-bedded.

At Awe, the thickness of the formation is about 1000 m
(Offodile, 1976¢). The Awe formation was formed during
the Late 4lbian regression and is thought to be connected
with the uplift in the south west section of the irough
(~ratchley and Jones, 1965), Calt springs dissue from
this formation in the project area (Beltaro and Bojarski,
1971; Offodile, 1976)., The name of this form:tion was
proposed by Offodile (1976) a5 other workers befoxe him
simply referred to it 25 "passage bedsn, even thoucgh they

recognised it as a distinet mappable unit,

¥
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2.3.3 : The Keana Formation

The formzation is of fluvi;te origin and is thought
té be of Turonian age (Reyment, 1965), It consists of
fine to coarse grained massive sandstones which are
locally conglqmeratic and in places, heav#ly curzent-
bedded. ..lso, they are usually indurated, gritty, arkocic
and form very competent beds (Offodile, 1976). ~ratchley
and Jones (1965) thought it to e a lateral equivalent
of the Muri (Bima) sandstones to the north-east (Upper
Benue) hecause of similar regressive movements found
in them, Offodile (1970) and Kogbe et al (1978) also
thousht it to be the lateral ecuivalent of the Makurdi
formation south-west even though the Makurdi formation
$8 slightly older (fig 2-1). The estimated thicknesc of
the formation in the project area is about 1500 m (Offodile,
19761,

2.3.4 : The Ezeaku Formation

This formation cont-rins n-~inly c~dercus sh-lec but
Jine to nediuaar-inad Jrl-blz o-ndstenoes tlse occur - eI
the formaticn., 7The formation occ~ssion~lly containg

limestone beds and is vexry rich in fossils (fauna).



The environment of deposition was thought to be a shallow
~uiet lagoonal type of coastal water during 2 Late Cenomanian
transgression (Offodile, 1976). In the Makurdi arez,
paleonthological evidence show that the age of the formation
is Turonian (Kogbe et al, 1978).

2 3 5 : The Awgu Form=tion

This formation comprises of black shales, sandstones
and limestones. There are seams of coal appearing locally
towards the northern part of the formation, Various thick-
nesses ranging from 700m to 1500m have been assigned to
the formation by different workers (ileyment, 1965; Esso,
1967) but in the project arex its thickness is thought
not to exceed 7C0m (Offodile, 1976), The environment of
deposition was a shallow sea, which waz more svamiy
towards the north due to 2 transgression during the
Zoniacian,

2,3.6 : The Lafia Form=tion

This formation is the thinnest and youngest in the
project area, It was depocited in Late CTampanian to
Sarly Mag@strichtian (Offodile, 19763 ‘jibade, 1977),.
The formations occurs in the north-west corner of the

pProject area-see fig. 2-1.
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offodile (1976) estimnted its thickness around Lafia to
be about 50 m. He also proposed th:zt the formation wedges
out in that area. The formation consists of coarse
ferruginised sandstones, loose sands, mudstones and clays.
Its environment of deposition was continental and was
brought about by the diversion of the tranc-sshamn seaway
to the Middle Denue (Qffodile, 1976},

2,3.7 :5ummary

Frevious workers have worked out the stratigraphy of
the Middle Benue as consisting of six formations of
“retaceous age, They are the Asu River formation (or
complex) which mainly consists of flbian shales, the ./we
and Keana formations which consist of mainly Late ~lbian
and Turonian sandstones respectively. Others are the
Zzeaku and swgu formations which axe primarily shales of
Cenomanian and Coniacian age respectively. The sixth
formation, which is the thinnest and youndgest in the area,
is the Lafi: formation. It mainly consists of ferrigenous

sandstones of Late Campanizn to Zarly laestrichtian ages,
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2.4 : Structures in the Froject ‘xea.

The major structures found in the area 2re folds,

L]

faults, current-beddings and cross-beddings., According to
Offodile (1976), the lust group of structures is common

in both the Lafia and Keana (lakurdi) formations, From

the statistical analysis of current bedding data collected in
the Keana formation, on either side of the main structural
feature in the area, the Keana Anticline, Offodile (1976)
found that a major water current direction existed on either
side of the anticline parallel to the anticline, This he
attributed to the environment of depositicn. 0Discuss

below are two other types of structures which exist in the
area.

2.4.1,: Folds

As menticned in section 2,2,one of the peculiarities
of the Benue Trcough is the folding of the sediments it
contains in a direction parallel to the axis of the trough,
This implies that the axis of fold trend HE~SVW, except that
of the Lafia Anticline whiclh: trends NW-32 (fig, 2-1)., 1In
the project area, the folds are in the form of gently folded

anticlinorium and/or synclinorium.



Serial yo. Tame of Teld Trend Type 1
} ' Lafia snticline =532 small
2 Agyaragu Anticlinel NE~5W minor
3 Fiza 3yncline 1 major
4 Chi snticline " ninor
5 Keana inticline m neJjor
6 Tokura Syncline t small
7 fwe Anticline " "
e Makurdi Anticline " minoxr
(part of
Ke-ha
anticline?)
9 sakurdi gyncline " minor
10 Tjannune " " 1

(Compiled fron Zratchley and Jones, 1965; Cifodile,

1976); Kogbe et al, 1978)

Note: Small« minor « major

Table 2«2 : Known Tolds in the Iroject Area and

their characteristics




Hovever, ih~ L.7i~ fold h's Lesn d-ted by -OlJodile (1976)
zs Maestrichtian. These facts suggest the possibility of
two episodes of folding within the Middle Demue - i,e. 2
major folding episode in the Santonian and a relatively
minor one in the Maestrichtian.

2.4.2 3 Faults

Because the who.hle Benue Trough has ;lof vet been
geologically mapPed in detail, moct of the faults known
to exigt in the area were infered, by previous workers,
~maiuly from a?xial photographs. For examyle, 3urke et al
{1970) identified some large scale thrust faulting in the
Upper Senue from air photographs, |

| The only major fault in the project area, identified
from groung mapping, is about 10 lm long and occurs south
2f Giza (Offodile, 1976). The fault trends NE-3W paralle’
72 the a..is of the nearby folid. 3Generslly, Jaults in the
~rea are parallel. to the axes of fold. UHence they nre
"hought to be strike faults (Offodile, 1976),
There are two types, and possible starges, of faulting

TMeyment, 1952 Offodile, 1976) in the project area,
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The firsc¢ type generally trends IM3i~-5% and axe associated
with the lead-zinc minerzlization while the second tyge
generally trends NE-SE and are infilled with barytes,
According to Offodile (1976), bed displacements in the
Middle Benue are not obvious since there are virtually no
slickensidings. - - | o E

2.5 : The Dasement and Jolcanic Rocks

The basement xocks form the northern and southern
houndaries of the entire 3enue Trough, These roclks form
part of the undifferentiated basement complex of Higeria
(Oyawoye, 1970; 73511 map, 1974} which belongs to the Fon-
*frican orogeny (Ovyawoye, 1977). Gneisees and migmatites
are the major components in the northern basement and other
minor fomations are rhyolites which a re localized as dykecs
in the Younger granites, -uartzites, dolerites ond ~unrtz
veins (Oyawoye, 1977),

The volcanics exist in the form of intrusives and/or
strustives. The intrusives are closely assocliated with
anticlinal structures (ZTratchley and Jones, 1965; uwright,
1975a) and are more abundant in the Albian sediments

(tixight, 1975a).
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"lso, the anticlines seem to have provided the centres for
the Cretaceous volcanic activities in the area (Offodile,
1976). Intrusives encountered in the Lafiz formation,
within the project area, are mainly sills, domes and dykes
(Offodile, 1976). ;ﬁfthe Upper Benue the voleanics are
mainly in form of plugs, hills and plateaux (Cratchley and
Jones, 1965). The main rock types of the volcanics are
diorites and gabbros with their hyperbasal ecuivalents
(Wright, 1975a). In the Awe area, the extrusives are
vessicular baszlt which are present in highly laterized
zones (Gffodile, 1976). On the other hand, olivine basalts,
tholeitic dolerites, vescicular and amygd-loidal basalts
have been mappred in the 3bajimba area (Kogbe et al, 1978).
The laterization is thought to be confined to areas underlain
by basalt (Farrington, 1952) but no laterite capped basalts
have yet been mapped (Offodile, 1976; Kogbe et al, 1978),

2.6 : Origin of the Benue Valley

The origin of the Benue valley is still a very
controversial subject Frevious wvorkers have tried to
explain the origin of the valley using different geologic
tools For ex=mple, King (1950) using geomorphology,
first proposed the rift hypothesis for the valley.



Later, C-xrtor et al 1963), Kennedy (1965), Tratchley zand
Jones (1695), Stonely (1666), Dessauvagie (1969), vwright
{1968), whiteman (1970) =zrrived at their conclusions using

stratigraphic, structural and georhysical (selsmic, gravity

and mognetics, at various times) data. 4lse, Durke 2ot 2a1(1970)

and 2ffodile (1976) arrived ot their own conclusions using

pPactogeology ~nd ground mapring., Most of the ~uthors listed

above agrec, without any concrete evidences, that the trough

a rift valley. However, they do not 2all ngree on the

o
L5 N

=echanics of rifting in relotion to the peculinrities of the

trough., Congsequently, different reasons have been advanced

to explain the mechanics of the rifting of the valley., It is

the consensus of the latest (i.e, after 1968) workers that

%he rifting of the valley w-~s linked with the separstion of
the south American and african continents and the subsecuent
opening up of the Jouth Atlantic. The various schools of
thought, on the oxigin ¢of the trough, tc which the previous
workers belong =re sumparized below.

2.6.1 : A RLft Valley

3y Projecting the South . tlantic and the Cape Zan Rouge
»fts to coincide with the present Niger and Senue valleyz
respectively, King (1950) Postulated the Benue Valley to be

a rift valley,
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This idez was supported by Kennedy (1965) who was of the

opinion that the Bemue Trough is a tensional rift of the Red
Sea, Later, Wright (1968, 1970) shared the same idex but
ascribed the rifting to the "tearing apart® of South America
from Africa or vice versa, ‘e also erplained the folding

of the sediments tc be due to an “elastic rebound“ of the
African continent as a result of the loss of South America,

2.6,2, : A Geosyncline wWith Folding Involving the 3asement

The idea that the trough was a type of geosyncline was
first proposed by Lees (1952) on the basis of the great
thickness of the sediments within the trough coupled wifp
the fact that there were no marginal faults in the trough,
Stonely (1966) supported the idea by stating that ‘'the Benue
Trough evolved rapidly 2as 2 miniature geosyncline,” based
on the tremendous thickness of the Cretaceous sediments
vwithin the trough.

2,6.3. : A Spreading Ridge of . Subduction Zone Due to a

Triple Point Junction

(i) A short-lived spreading Ridge or Subduction Zone

Burke et al (1970), using magnetic data, proposed the
existence of an RRR (ridgee-ridge-ridge) triple junction

somevhere beneath the present day l'iger Delta,



i

To these authors, the medial zone of high guavity (Bouguex
Anomaly) values identified by Cratchley and Jones (%965},
in the trough, corresponds to the zone of the short«lived
ridge. Later Burke and Dewey (1974) using the RRR idea
thought that the zone of high gravity values could be

2 subdunction zone ereated by the aceretion of the two
Africen plates - i.e. the West African and Congo cratons,
respectively to the north and south of the t rough, The
authors attributed the folding of the sediments to the
differential motion (speed and direction) in the tve
African plates. |

~ (13)A Zone of lithosphere spreading (also short-lived)

Grapt (1971) proposed this iden and suggested that the
triple point junction beneath the Niger Delta was an RRF
(ridge-ridge-fault) instead of an RRR junction discussed

in (1) above. In his model, the oceanic transform faults
‘of the 3ulf of Buinea form the fault arm of the triple

" Junction, The African and South fmerican continents were
thought to have moved apart along the faults (Romanchet
and 5t. Faul's) for about 20 m.y, before they finally

separated,



The strain in the African piate due to the prolonged
movement of the two continents along the fault was thought
to be responsible for the local volcanism in the trough
and in MNorthern Brazil. Like in (i) above, the medial
zone of high gravity values correspond to the zone of
lithosphere spreading.

2.6.4 : A Combination of a Rift Valley and a Geosyncline

(i.e. 2.6.1. and 2.6.2 above).

The authors in this school of thought are of the opinion
that the origin of the Benue valley could be explained by
combining the rift and geosyncline theories, For example,
Cratchley and Jones (1965) using the geologic and gravity
data at their disposal, explained the medial zone of high
gravity values in terms of a combination of crustal thinning
and shallow basement (which might have been involved in
the folding). These authors also stated that the fact
that there were no surface evidence of marginal foults
in the trough did not preclude the possibility of the trough
being 2 rift valley. The faults could be buried deep in

the sediments and hence masked from the surface .

a5
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Offodile (1976) was of the opinion that the marginal zones
of low gravity values could be explained in cerms of the
rifting of the trough while the medial zone of high gravity
values could be due to the flexurlng of the sediments and
the basement.

2,.6,5. : A zone with a periodic ‘on-and-off” Hot spot

This model was proposed by Olade (1975) in an attempt
Ito explain the origin of the trough withcout employing
certain plate tectonic concepts, such as accreting marging
and colliding plates, which, according to him, could not
be supnortad by surface f@zologic ewidences, The model
assumed the existence of o Cretaceous hot-spot beneath the
present day Niger Delta. The upwelling of the mantle plume,
created a hotspot which resulted in the doming and rifting
of the Benue area and the formation of o rift-rift-rift triple
junction, with the Benue trough zs one arm, The Benue
rift failed to develop into an ocean basin and thus became
filled with sediments, as a result of the stresses associated
with the opening up of the South Atlantic. In this model,
the subcrustal contraction caused by the temperary cessation
of the mantle upwelling resulted into the compressive folding

of the 4lbian sediments in the trough,
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2.7 : The Economic Gaology of the rrqject Axea,

The minerals found in the Benue Trough =2nd their
disixibutions are shown in fig. 2-7. The commercial
minerals known to exist in the projeet =zrea are lead, zinc,
salt, coal, barytes, limestone and fine quality (high
grade) crystalline rocks for rock aggregates useful in
road construction and other ecivil engineering purposes,

”. short discussion on each of the important minerals is
given below,

2.7.1 + Lead and zinc

These minerzls are found in a narrovw belt which almost
runs through the entire length of the Benue Trough, This
belt corresponds to the medial zone of high gravity values
discussed above, The minerals are thought to be emilaced
towards the end of the period of the basic to intermediate
igneous activity in the trough (5rant, 1971). 1In the
project 2rea, these minerals are found in the northe-ste
southwest trending faults in Arufu, Kanje, "dudu and ‘“buni.
Mining of the minerals by the inhabitants started many
centuries before modern methods of pospecting and mining
commenced in “rufu as early as 1885 and 1925 respectively

(Farrington, 1952),
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The Nigerian production of lead, zinc and associated
minerals between 1925 and 1649, excepting the period
between 1938 and 1946 when the mining of the oxes was
considered uneconomic, came from Arufu area (Ferrington,
1952) There has been no known recorded production in the

area since 1049,

2.7.2 Barytes

3orytes are generally found associated with lead and
zinc in the Benue Trough. JYhey generally occur as siliceous
infills of the second system of faulting found in the area
which trend northwest-southeast. In the project area, major
occurences of barytes exlst in “loshl, Keana, Azara, Chiata
and the area between ~kiri and Wuse. The deposits vary
in size and purity, In Chiata, for exgmple, the deposit
is almost pure (93-94%), the wvein igc about 1} m thiek and
about 500 m long while in Aloshi the deposit is largely
mixed with quartzites and not signifant (CGffodile, 1976),
There has been no mnjor production (exploitation) of the
mineral in the area but there is currently an intensive
exploration programme being carried out by the Nigerian

Mining Corporation (NMZ).
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2.7.3 : 35alt

Occurences of salt in the Femue Trough are in form of
non-~thermal salt springs which are mostly found neaxr the
axes of anticlines. The temperature of the springs have
been found to be between 28° - 35°C (3eltaro and Bojarski,
1971). In the project area, such springs exist in Keana,
Assakio, Ribi, Amara, Akiri, Awe, Arufu, Alwana and Meigbo
(1gboxr). Oystematic studies of the brines in the area
have shown that the salinity of the spring water increases
towards the Keana anticline, the concentration decreased
with depth in Keana between 10 to 40 m but remained constant
in Igbor between 30 to 60 m (Cffodile, 1975), Local salt
refining in the area, by evaporation, dates back to the
sixteenth centnry when some of the settlemants were founded.
For evample, the discovery of salt springs near Xezna about
1881 to 1594 led to the founding of the town (/idefuye, 19777.
The salt industry has since then been a great factor in the
economic, social and political lives of the people.

Fast feasibility surveys have noted the low salinity
of the brines in the area (Thoenix and Kiser, 1966; Reltaro
and Bojarski, 1971). This fact could make the industrial

recovery of the salt from the brines uneconomical but current
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annual estimates of salt recovered by traditionai method

in Keana, for example, could be up to 5,900 tonnes (Ldefuye,
1977). Presently, the Migerian Mining Corporation is
actively engeged in prospecting for rock salt deposit(s)

or salt domes in the northern balf of the project zrea,

2.7.4 : Limestone

Limestone is fairly well distributed in the project
area, North of the River Benue, limestone deposite occur
in Agwatashi, Jangerigeri, Tokura, Chiata, Hagha, 4w and
Noko, South of the river, there aore deposits north of
vandev and in Alwana which may likely serve as the raw
material for the nearly completed Benue Cement factory in
Yandev  Generally the deposits occur in the ~Awgu 2nd Zzeaku

formations (Offodile, 1976).

2.7.5 « Coal

digh grade coal has 2lso been discovered in the project
area, It occurs in the Obi-fgwatashi area  The extent and
mode of extraction of the coal are currently being explored
by the Nigerian Steel Development sfuthority. It is hoped
that coal from these deposits will provide the coking coal
for the integrated Iron and Steel Comple: planned for
Ajaokuta, Kwara State, OSub-bituminous coal also exists in

the area (Offodile, 1976).



CHAPTER IIIX

THE GRALVITY SURVEY

3.1 Initial Studies of the Instruments Used

3.1.1 ; The Gravimeter

L Worden gravimeter, number 135, belonging to the
Physics Department of this University was used for obtaining
the gravity data. It has a scale constant of 0,08829 maals
per division The accuracy of the scale factor was approximately
checked to be correct (about 2% error) by reading the
instrument at the different floors of the three-storey
building bousing the Fhysics Department (L.B.U , Zaria),

Before embarking on any of the field trips, readings
of the gravimeter were taken in frent of the author's
residence § 139, 4A.B.U. Senior staff Juarters) for two
consecutive days at thirty minutes interval from 0700 hours
to 1900 hours, local time, The times of observation were
chosen to be representative of those in which the actual
field work would be carried out, Figure 3-1 shows typical
diurnal base station drift curves of the gravimeter with the
corresponding diurnal temperature . curve superposed, The
hourly drift of the gravimeter was found to be usually lecs

than ©.06 mgals /hr,
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3.1.2. : The Altimeter

Two Wallace and Tierman Altimeters model FA181, which

were labelled tC' and D' by the Physics Department, were
used for height determination during the survey. Their
drift patterns were obscrved ~2long with thot of the gravimeter,
This wos achieved by taking the anltimeter readings immedistely
aftexr the gravimetexr reading described in section 3.,1.1. was
tnken, The resulting typical drift curves for each altimeter
are shown in fig. 3-2. Bach drift curve has a minimum and
a maximum similar to that of the gravimeter. The marimum
drift rate, for each of the altimeters, was found to occur
between 0700 and G800 hrs. The values were -10,17m/hx and
-9,18m/hr for altimetexrs € and D respectively, Their
respective minimunm drift rates were found to be O,Um/nhir and
G,66m/hr, occuring between 1700 and 1800 hours,
Setween 1100 and 1430 hrs,, the altimeters drifted almost
linearly (fig. 3-2) at the rate of 7.40m/hr, In addition,
from figs 3-1 and 3-2, it can be seen that the gravimetex
and the altimeters do not respend to temperature changes

until after about two to four hours,.
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Diurnal pressure changes have been found to be neglible

in Nigeria duxing the dry season except at the beginning
and end of the harmattan period (Verheijen and Ajakaiye,
1978), Therefore, the effects of pressure changes were
not considered in carrying out the analysis above since
t"e data used for the analysis were collected during the

harmattan period.

3 2 . The Field Work

rs earlier mentioned in section 1.4, the field work
was carried out at various times from 1975 to 1978. The
survey involved four major field trips for colledting raw
datza and which were undertaken in the following periods:;-
Mid-December 1975 to the first week of January 1976, March

1976, March 1977 and Mid-February to the end of the first

42

week of March 1978, sltogether, the survey involved fourteen

weeks of field work, 1In ord=r to be able to cover the
project area within the fourteen weeks, data were collected
for about ten to twelve ..ours a day, seven days a week,

Two short field trips were later on undertaken to repeat

data suspected to be in error,
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3.2.1 : The Sravity Stations

Nuring the survey. sixty base stations were established
mainly at road junctions Others were established near or
at easily loc=zta™~le landmcorks such as a village dispensary,
court market, etc. .. total of one thousand four hundred
(1400) detail stations were also occupied during t he survey,
istablishing the detail stations invelved collecting data
at one kilometre interval on all motorable rodds and tracts

in the project are:=,

3.2.2 r 7 e

The field crew, gravimeter and the other instruments
used for the survey vere transported mainly by a motor
vehicle, Zecause of the difficult terrain usually encountered
on the tertiary roads and foot paths, a reguisite criterion
of the motor vehicle was its Deing a four-wheel drive,
*nother criterion of the vehicle considered vital was its
possessing a trip recorder in kilometees and tenths of 2

kilometer to ensure accurate spacings of the detail stations.



Other mades of transportation used during the survey
“were the paddle boat, motorised boat, the ferry and the motor-
cyele, The paddle baat was used on two occasions - once

to "loop" between base stations 9037 (Gbajimba) and 9046

. established on the opposite banks of the River Benue and

to cross the River Katsina Ala during the ‘''looping" between
base stations 9048 and 9040 (fig. 3-4). The motorised boat

and the ferry vwere usad at Sburuku to cross the River Kat#ina

~2la during the “looping'" between base stations 9050 and

0051 and to vork on the eastern side of the river respectively.
The motorcycle w-s used in locating the sites (positions)

for the detail stations at one kilometre interval on roads
isaccessible to the motor vehicle, In-such'enses, the-

gravimeter was transported on foot in order to take readings

at Preyiously marked-out stations,

3.2.3 : Data Coverage

Bearing in mind the aimz of the survey as given in
chapter one, the survey was designed to @over the project
area adejuately in order to reveal both local and regional

anomalies of interest. Ideally, such a survey should be



on a regular (unifcrm) grid: This was, however, not done
because such an exercise would not only have beegimﬁonsuming
the cost involved would also have been very prohibitive.

The latter factor would have been largely due to the labour
cost in cutting the traverses for the grids. Readings were,

therefore, taken at one kilometre interxval along all the

available roads ond tracts in the project area,

3.2.4, : Height pMensurements

Less than one~tenth of the gravity stations, base and
detail, were established on benchmarks, This was due to
the extensive rood reconstruction exercise going on, on
most of the major roads in the project area, during the
survey periods, Such roads were originally benchmarked
but the benchmarks had been removed by the road contr-ctors,
7or example, by December 1975 when this work (gravity) was
8torted, the Lafia - Obi-fwe-Tunga road had benchmarks,

By March 1977 nearly all the benchmarks along the ron-d

had been removed as the road was being reconstructed. it
was only on this road that some base and detail stations
were established on benchmarks, Gome base stations were,

also, established on some standard Benchmarks (SBEM) which

45
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were unaffected by the road reconstruction exerciee, 1In
addition some stations were established at kilometre
indicatcrs (marks) put along the ronds being reconstructed
by the contractors For this group of stations, their
heights relativa to a fixed location on the road, which
2lso formed part of the author's base network for heights,
were supplied by the contractors,

Because of the reasons discuesed above, the heights of
the majority of the gravity stations were determined by
means of the two Jiernan and Tiernan altimeters referred
to in gection 3,1.2, The altimeters were treated exactly
in the same way as the gravimeter, That is, all the base
stations were "looped" height-wise along with the base=-
looping of the gravity case, Also, the altimeter readings
were taken along with that of the gravimeter at each
detail station, Whenever the readings of the altimeterc
were taken, the readings of a whirling wet-and-dry thermometer
were also taken to determine the humidity correction f acior

for the altimeter readings.
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3.2.5 : Behaviour of Instruments under Field Conditions

In order to find out if there were any significant
changes in the drift rates of the instruments as dicussed
under seftion 3.1, under field conditions, 2 day's survey
was arranged such that six readings of the instruments,
spread over the day, could be taken at a fixed base station.
The readings observed 2t base station 9039 (yvandev) on
12/2/77 are shorm in fig, 3«3 The figure shows the
approximete diurnazl drift pattern of the gravimeter and
that of each altimeter. ABCDEF representg the drift pattern
of altimeter !C' vhile ABR'ZDE'F represents that of altimeterxr
YD,

By comparing fig. 3-1 with the gravimeter drift in
fig 3-3 and fig, 3-2 with the drxift$ of the altimeters in
fig. 3-3, it czn be seen that the instrunents almost
have the same drift pattern at rest and under field
conditions, From fig 3-3, the maximum drift rates for the
gravimeter and altimeters were Found to be -0.00 mgals/hr,
sonpared with 0,06 ngals/br paationed in section 3,1.1 and
~13,.80m/hx, compared with =1C,.7 and -9,18 m/hr mentioned

in section 3.1.2, respectively, These figures show an
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increase of about 50% =-nd 36% in the maximum drift rates of

the gravimeter and altimeters over their respective values

at rest. The higher drift rates of the instruments under field
conditions could:;;tributed to a cambined effect of a longer
exposure to heat and the excessive shocks and vibrztions to

which they were subjected during transportation,

3.2.6 : Field Froblems ZIncountered

During the course of the survey, some field problems
were encountered, Some of these problems could De attributed
to the fact that the b-se (topographic) maps used were out-
dated. Though the maps were produced in 1972, the aerial
photographs usced in their production were taken in lMNovember-
December 1964 (as indicated on the maps) "s a result, roads
indicated as being motorz"le on the maps were generally found
not to be so during the survey. The converse was 2lso foun:i 1
be true., Also, some disjointed minor roads on the maps werc
found to be continuous first-class, recently tarred roads.

On such ro-ds, the main problem encountered w-s that of locati
on the maps, the positions of the gravity stations along the

new extension or diversions m-de on the old roads.



The mode of settlement of the inhabitants of the project
area also contributed to the problems discussed above., The
inhabitants of the area are mainly farmers and they settle,
especially in the southern half of the project zrea, around
their farms in families. As soon as the land around such 2
settlement is no longer fertile, the family moves en-masce
to another location. If some people stay behind, the village
assumes a new name. As a result, some villages shown on the
maps are either now non-existent or now bear new names,

snother problem encountered was that due to abrupt
termination of some roads by some fairly big rivers on which

there were no bridges. /At some of these places there were
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no settlements nearby and also no means of crossing the rivers.

Such obstructions did not only slow down the rate of data
collection, they also prevented uniform data coverage of the
entire project area.

In some areas vithin the project area, there are no
roads, This also contributed to the unevenness of the data
distribution (coverage) in the project area. Worse still,
there was no topographic map, contoured or uncontoured, for
the north-eastern portion of the project area. Hence, the

area was not surveyed,
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3.3 : The Base lletwoxrks

3.3.1 : Sravity

The base stations were established by the "looping"
techni~ue either using the ABAB or the ABABCBCD.........
method (Mettleton, 1940) The resulting network was made
up of thirteen (13) closed loops and three (3) open loops,
The "iggest open loop approximately in the middle parxrt of the
project area could not be closed because of the author's
inability to cross the River Benue between base stations
9087 and 90231 in fig. 3«4,

Figure, 3-4 shows the gravity base network of the survey
.with the respective closure errxor for each loop. The values
of the maximum and minmum closure errors in the network are
0.11 mgals and 0.0lmgals respectively, The average absolute
" value of the closure errors was found to be ¢,046 mgals.

To determine the observed gravity difference (ag)
between two base stations A and 3 on a 'leg' given by line
£B, the repeat reading(s) at each base station was corrected
for the instrument drift, using a computer program wiitten
by the author, assuming a linear drift (change) with time.

The resulting Ag was multiplied by the scale constant
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{0,0882% mgals/div.) to determine the gravity change between
the two base stations in milligals, After repeating this
process for each 'leg! in 2 loop, the closure error was
calculated by vectorianlly adding the lgg's in the loop.
he closure errors in the network were then adjusgted by
me1ns of a least-square technique {Fentz, 1953),

3.3.2. : Heights

45 mentioned in section 3.2.4., the altimeters were
read at the same locCaticns as the gravimeter, 'ence, all
the steps tiken in obtaining the base network for the heights
were exactly the same as those outlined in section 3.3,1
to obtain the gravity base network but using the appropriste
conversion factor for the altimeters.
. Figure 3=-5 shows the base netwecrk for the heights with
the corresponding misclosures. The maximum closure error

was found to be 2. 23m.

3.4. : Adopted Base Values and Ties to other Surveys

The gravity data were reduced to both the Potsdam and
I55H systems in order to compare the data obtained iu the

present survey to those obtained in the earlier surveys of
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Cratchley and Jones (1965), Ajakaiye (1970} and the more
recent survey of Umego (1978), The survey of Cratchley and
Jones was carried out over the entire Benue valley vhile
that of Ajokalye was carried out in the Younger Granite
Frovince of Migeria which is just north of the Benue Valley,
In both surveys, the Potsdam system was used, The survey of
Umego was carried out in Ribi area, which is within the |
axea of the present survey and was reduced to the IGSN

system,

3.4.1 : Neduction to the Fotsdam System

In reducing the observed data of the present survey
to the Fotsdam system the gravity values at all the
stations, base or detail, are relative to the value
978045 63 obtained for the base st:tion 9031 near the
round-about in Akwanga. This value was obtained by ~Ljakaiye
(1970) in a survey carried cut in December 1967 and
February 1968, 7~That survey was tied to that of Cratchley and
Jonez (1965) carried out in 1960 and 1961, The latter survey
vas in turn tied to the O.R.S8.T.0,M, (Duclauex et al, 19541)

base in Lagoes via a Shell-BF network terminating in
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BOju.Ega and Oturkpo (Cratchley and Jones, 1965). The survey

by Cratchley and Jones was also tied to the O,R.5,T.0.M.
Base in Ntdjamenna (Fort Lamy), Chad Republic, via a Chad
Basin network established in 1959 by the British Overceas
Geological surveys (Cratchley and Jores, 1965; Ajakaiye,
1970),

The project axea of the present surdey entirely lies
within the area covered by the survey by Zratchley and
Jones. "5 a result, there are twelve tovms and villages
common to both surveys in vhich base stations were
established in each of two surveys Table 1 of the “pprendix
shows the comparison between the observed (absolute) gravity
values obtained in the 1960/61 survey and in the present
survey, for the common base ﬁtgtiongﬂ.The largest difference
in the v-lues of the abscolute gravity, at the common stations
in the two surveys (2,307 mgals}, occurs at Keana, It must
“e emphasised th:t the gravimeter readinis in those villanes
and towns might not have been taken at the same points during
the two surveys. This is due to the fact that the exact
locations of the base stations used in the survey of Cratchley

and Jones were not known, However, it is the contention of
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the author that the §tations in most of the wvillages/tovns
in the two surveys maoy not e too far apart due to the fact
that the base stations in the present survey were established
at prominent Places coupled with the fact that the absolute
gravity values determined at those villages/towns in the tuwo
surveys, except in Kanje and Keana, are in close agreement,
If the value of the absolute gravity at Alwang: detexr-
mined by Ajakaiye (1970) were made ecual t0 that detexmined
by Cratchley and Jones (1965} for Akwanga, then the mazzimum
difference in the absolute values listed in table 1 (Appendix)
would be 1,937 mgals in Keana rather than the 2,307 mgals

mentioned earlier,

3.4.2 ; Reduction to the YN5[1 Dystem

in reducing the dzts to the ISSH system, the values
determined at all the sitrtions were relative to 978092, 255
mgals obtzined by Umego (1978) in Ribi for the base station
9006 in the present survey, originally established by the
author in an earlier survey (ijakaiye and jjayi, 1977),.
The above value w25 determined, using a Llacoste and Zomberg

gravimeter, from six single tie measurements betueen a3
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first order base of the lllgeria cCalibration rine in Jos and
the station 90056, The international gravity formula used along
with this system was that of 1967, |
It is interesting to note tlhiat the absolute gravity
value at Ribi { 9006) and conseqdently 2t each station, on
the I3311 system was lower than that on the Potségggig? 14,97
mgals ~ sec tables 1 and 2 of the Appendix, HOwevéx, the
latitude effects 2t each station, using the gravity formula
of 1957, was on the average about 16,68 mgals higher thon
those obtained using the formula of 1930, The net ef’ect
was that the Zouguer anomaly value at each station on the ISGH
system was on the average, about 1.7 mgzls higher than those
o~tzined nsing the oitsdam sysiem and the gravity formula of

1930

3 B:Da2ta Frocecsing and CTorrections to the Ubserved Gravity

Readings

3.5.1 ; Data IfroCessing

The entire data processing was carried out using the
University's computer - CbHT 7Tyoer 72, Most of the programs
used in the data reduction stage were written by the authox,

The data processing was carried out following the conventional
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sequence of reducing raw gravity data. ~lso, the corrections

normally applied to the observed gravity readings were carried

out,

The

below,

detail analysis of the correciions gre discussed

3.5,2 : Corrections to the Observed Readings

In calculating the Bouguer anomaly at each station, the

usual correciions to the observed gravity readings were made

using the following formulae:-

{a)

Drift Rate : s earlier mentioned in seection 3,3.1,

m‘.fhe.‘li'e;:h-RaA
Ag

BA

ta

and t

&

the drifi rate of the gravimeter {or each sltimeter)
was assumed to he linear for a two-hour time
interv:l, To determine the drift rate, d, on a
traverse in vwhich 4 and B are base staotions, the
formula used was

9= ORp8g,

2B e .. (3-1)

NN

= the gravimeter (or altimetexr) reading at
3 minus thzt at A

= gravity (or height) difference between bases
A and B in instrument units (determined from
adjusted base network)

= observation time at base B

= observation time at base A



6)

(b) Observed Sravity at a Detail Statdon

The e-uztion used to determine the observed gravity

value, g5, for any deteil atation, 5, on a profile /AP above was

9 = 9, * K-AR,; + 4 (tg-ty) R . Y

i

where 9, = observed gravity value at base station /.
K = instrument constant

gravimeter rezading at S5 minus that at 2

observation time 2ot detail station 3

llote: d and tyhave the came meanings as in (1) above,

(¢) Theoretical Sravity or latitude Effect (at o Ctation)

£s mentioned in section 3,4, the observed gravity d-t2 in
this survey were reduced to both the Fotsdam and IGSIT 71 systems

In calculating the latitdde effect, using the Fotsdam
system, the reference spheroid used was the iInternational
zllipsoid of 1930. Hence the gravity formul-

g, = 978049 (1:0 0052084 sin? @ - C.CO0C059 sin? 2g)

cosese(3=32)

For the IGEMN 71 system, the Internztional graovity formul-
of 1967, on which the system is based, was used i,e.

gy = 978031,85 (1+C.005278895sin?g +0.0000234625in%g)

-l.'l(3-3t;
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in both casés,
g ¥ theoretical gravity value in milligals and -
@ = atation latitude

(d) Elevation Correction (facter): This correction is normally

computed in tvo components - the free-air and Douguer correctiocr

(i) The Free-/ir Correction (F7) is due te the f act that the

gravity field decreases with incre:ce in elevation., 7Tt is

given by
' “d(‘.h LR A ) 3-4
e uds (3-4)
dz
where dg = vertical ¢gradient of gravity which is C,03086
.d=

mgal/m and h=stztlcn elevation (relative to the sea level)

(i) The Touguer Correction (B3C) is meant to correct for the

attroction due to an infinite slab ewisting between the station
and the sea-level datum (i,e. for a slab of thickness h).

For any station of elevation h, the Douguer correction is

given by

s = 2Map Lo (3-5)

I

where 73 universal gravitational congctant
grn = mean crustal density
sually, the 3ouguer correction is © G4191£ﬁ ngal/m.
: M

(e} Free-‘ir “nomalv: 't any station, 3, the free~air asnomaly




{7A) is the difference between the observed gravity vrlue
(gs) and the extrapolated theoretical gravity wvalue (9¢)
from the reference spheroid :vith the free-air correction
applied. The anomaly is given by

FA = gg = (@4 -FC) ... (3-6)

(f} Bouguer shomaly: The Douguer anomaly is the free-air

znomaly minus the Bouguer corxzection. Therefore, it is

represented as
BA = @A-RBC ' s (3=7)

Substituting ecuations
(3-4), (3-5) and (3«6) in (3-7), the anomaly can
clso De refpreseated os

m\ = gs— (gt - gﬁ. - h) - 2TrGtV‘h .n.cc(3-8)
M

+fter applying all the corrections discussed above, the
resulting Douguer anomalies reduced to the IS 71 system,
were plotted by the computer and then manually contoured,
The subseauent Douguer anom:zly map for the project area is
shown in fig. 3«6,

3.6 ; Errors in the Douguer snomcolies

The computed Bouguer anomaly at each st-tion is usually
subject to two major types of error - random and systematic
erroxs., [Lach of these types of error originates from at least

two different sources,
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3.6,1 : Lystematic Error

This type of error is not uni~uely defined for a gravity
-nom2ly because it depends on the aspect of the anomaly being
investigzted (Pick et al, 1973) Irrespective of the aspect
of the anomaly under investig=tion, the t wo mz2in sources
of this type of error are:-

(i) error in the calibration factor of the
instrument(s) used
and (ii) error introduced Dy using a wrong mean
crustzl density in the Bouguer correction,

in this survey, the maximum gravity difference at any
station, relative to the station whose gravity value was
adopted as zero, is about 80 mgnls. Therefore, if a two
percent error in the calibration factor of the gr-vimeter is
assumed s determined in section 3.1.1, the contribution of
this type of error to the overall error in the gravity dat-
at such a station would be 1,41 mgals,

The mean crustal density used in the Douguer correction
was 2 67%10° kgm-s. ™2t determined from the density analysis
of the field samples collected w:-s 2.65x103kgh-3. There is,

therefcre = difference of C (22103 kgm's hetween the zssumed
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and the actual vz2lues of the mean crust:l density, The
maximum elevation encountered in the survey area was about
240m, Therefore, the maximum error in the Bouguer corrections
in the survey area would be C,22 mgals, Thus the overall
systematic error in the survey would amount to about 1,43
mgals.

3,.6,2, : Random Erxors

These errors are of four main types, They are errors
in deéetermining:

(i) the observed gravity, gg4

(ii) the station height, h

(iii) the station latitude, ¢
and (iv) the terain corrections,

The error in obtaining ¢, emanates from the reading
error and the error originating from the gravimeter drift.
In his work, the maximum error originating from re:ding
the gravimeter, was expected not be greater than 0,029mgals,
except where a recording mistake was made, +‘he low value

of the anticipated error was due to the fact that only the

two or three readings that differed from e zch othexr by not

more than one vernier unit on the instrument wera used out of more

than five readings normslly taken at each station. The error
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arising from the instrument ﬂfift origiﬁatee from the
:.assumption that the gravimeter drifts linearly between readings
at two adjacent base stations occupied within swo hours and
reading errors at ba=ze station;. From fig, 3-1 it can be
" seen that this is not the case, althoughk the erxor that could
be introduced from the non-line-rity of the drift pattern
- are generally small except in the wvicinlties of the turning
points, At such turning points the parimum error thoat could
be introduced by assuning a linezxr drift could not be more
than 0,3 mgals, if the time between observations at the two
base stations is not more than two hours, ] |

The greatest source of erxor in any gravity survey is

n is due to the Tfact that both

|l

fhe station elevation. Th
the Bouguer osnd free-alr corrections approxinately ~dd up
to C.2 mgals/m. A5 mentioned in section 3.24, most of the
station elevations for this survey were determined by means
of two altimetexrs. The sources of error in determining statiocn
elevation by menns of altimctoers, 45 givon Wmy Verheijen amd
. jakaiye~(1978) are: - |

(1) calibration error

1
(ii) error due to instrument drifi (period of

measurenent)
(1ii) error due to the hysterisis in the coil of

the altimeter,

(iv) error due to change in pressure

and (v) 1reading error
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These authors 1ave shown that errors from sources (1), (dii)
and {v) =zmont to about 1.C to 1.5m. Irrors {ii) and (iv)
mere found to De negligibhle for short periods of messurement
when zltimeter readings are tzken in the dry seazson,

Both gravity and zltimeter readings were taken =zt some
stations with benchmarks during the survey, The difference
Detween the computed (from altimeter readings) and known
heights (from benchmarks) are shown in table 2 of the Appendix,
’or the eighteen st tions tabulated, the mean: wvalue of the
absolute differences bhetween the two sets of heights was
0,46m, while the largest erxor was 1,19m. Fo¥ the stations
vhere benchmarks were not av:ilable, the computed heights
vere conpared with the interpolated heights obtained from the
topographic (bose) maps which were either on scale 14100,C00
or 1:50,00C. 1In most of the stations, the two heights agreed
to within 3 wm, This agreement was possible Lecause of the
fact that the project area is virtually flat coupled with
the accurate procedure used in toking the altimeter re-~dings.
viith 2 maximum erzor of 3m, in the value of the st:=tion
elevations, the corresponding error in the Bouguer anomalies
would be abcut €C.6 mgals, From the results in table 2
(.prendix), this type of error would bhe much less than C.6

mgals for most of the stations.
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The third.ébmponent of the raﬁdom errors is fhat &ﬁe
to the wrong determination of a stations! geographic latitude,
| ¢. Its value is C.081 sin2 ¢ per 10 m north-south distance
(Farasnis, 1973). The latitudes of the stations were
determined by gridding each of the base maps using a trans-
parent graphical overlay, Because of the accurate method
used in determining the station latitudes, the main suurce
of this type of error would have to be from the wrong location
of stations on the base maps, due to the f actors discussed in
seetion 3,2,6, On existing roads shown on the maps, the
stations could be located exactly, For some roads which
have changed course(s) from those shown on the maps, the
possibility existed that some stations on such roads might
have been mislocated by up to 0.2 km in the northe-south
direction. 3uch a mislocation would introduce an error of
0.17 mgals if the mislocation had occured around the most
northern latitude encountered (about 8,83°N, Teble 3, appendi:z 1)
The error introduced in the terrain correction, which |
is the correction for the attm,ction due to the excess

mass above (or void below) the level of a gravity station,

N
-
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is determined by the accuracy of the mexn height of cach
compartment and how far away from the point (station) concerne:?
the compartments exte nd to (Pick et al, 1973). No terrain
correction wis made for this survey simply because the |
project area is virtually flat (about 70 m to 240 m). It
was only in the neighbourboods of 5boko and ‘rikya, which
were respectively in the southern and northern frimgg of
the project area, that hills were encountered, At such places,
the error due to the non-application of this correction
- may not exceed 1 mgal because the gravity stations were
established at least a kilometre away from the foothills,

From the above analysis, the maximum errxor in the
computed Bougter anomaly at any station in this survey is
- equal to 1,87 gmals, For most of the stations, the actual
error in the Bouguer anomaly is anticipated to be consider-~

ably less than 1.87 mgals,
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DENSITY DETERMIIIATION AND AMNALYSIS

4,1 : Inteoduction LT

The gravity exploration methed primarilly detects horizontal
vgriations in the dencities of rocks buried beneath the ground
surface, Therefore, for any meaningful interpretation(s) o
the anomalies found in a survey, the best geologically
permissible denzity contraets must be us2d to model the body
or bhodies responsible for the anomzlies, In order to have a
fair estimste of thic idezl density contrast, the densities
of the rocks found in the survey area must be accurately

determined,

4,2 ¢ Sampling Techniqugf*

1
A

For this survey, 130 rock samples were collected during
the field work, The fact that the geology of the project aresz
is largely hidden under alluvium cover accounted for the
limited number of specimens collected. The hand specimens
were collected whercover there were outcrops along a traverse
snc at road cuts where rocks were exposed during the recent
reconstruction of roads in the '‘mrea. Tach rock sample was

iabelled with the number of the station 2t which or in

70



whose vicinity it was cdlleéted. Sémples Collected between

two gravity stations were labelled with the numbers of the

N

two stations. _
. oy FRAII

4,3 : Density Determination {Method ofYy

To determine the densities (dry and wet) of the Samples,
each of the samples w.s initially weighed dry in air to obtain
its dry weight before they were all soaked in w-oter until
saturation., The period of soaking varied with the rock types,
The crystalline rocks which get gaturated quickly were soaked
for about 24 to 30 hours while the sedimentary rocks were
soaked for about 48 hours. Rach rock was weighed in water,
at saturation, to obtain iis saturated weight, It was later
wveighed in air, after wiping off the excess water on the sample,
to obtain its wet weight., The dry and wet densities for each

rock were then calculated using the formulae.

dry density ({ary) = dry weight .
wet weight-saturstod weicht

e (4-1)

L

and

wet density (& ..) = vjet weight —

wet weightesaturated wedght

a3

e (A=)
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Senerally, the differences obtained between the dry and
wet densities for crystalline rocks, except for vessicular
basalt, were negligible., For sedimentary rocks, the wet
densities were usuxlly found to be about three to five
percent higher than the dry densities, These significant
differences in the densitiesc of sedimentary rocks is to be
expected as sedimentary r ocks have more pore spaces than
crystalline rocks, For both types of rocks, the average of
the dry and wet densities for each rock type was adopted as
the density of the sample bechuse it was considered a better
ap roximation of the true density of the sample at depth,
The dry and wet densities listed against each rock type in
t-bles 4-1 and 4-2 are the combined =verage of the dry and wet
densities for the rock type respectively, Consecuently, the
average density against each rock type in the came tables
is actually the average of the wo average densities for the
rock type.

4,4 : BError in (sAccuracy of) Density Values

The balance used for weighing the samples has an accuracy
of + 1x10-4 kg (O.1g). Also, the weight of the majority of
the samples was in excess of 0,6kg, For such samples, the

errorx
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in the determined density values due to the reading error of

3
the balance would, be negligible (about 0.005x%10 kg m'3)
For the samples which weighed about C,2kg, the error in the

determined density vzlue was estimated to be les~ than

C 015%10°K9y-3

4 5: Density snalysis

tfter determining the average density for each rock s-mple
as discussed in section 4.3 abova, the densities were
grouped according to rock types, and a density histogram w=zs
drawn for each rock type. <‘he interval used for each
histogram w28 either C,02 ox 0,05 (x103) kgmfs, depending on
the range of densities of the rocks in the group, The

details of the histograms are discusced below,

4,5.1 : sedimentary Rocks

"he cedimentary roeks in the area were sandstones,
gritstones, shales and gritstones, A summary of the dencities
of the sedimentary rocks =-nalysed is ahown in table 4-1,

(2) S5andstones

They form the majority (97%) of the sedimentary rocks
collected in the -rez. They have been considered, for

det=il analysis, under two broad groups - namely. ferrigenous
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and non-ferrigenous sandstones,

(i) Ferrigenous sandstones:-15 out of the 59 sandstone

s -mples analysed belonged to this category, They were
collected in the Lafi- formation and, therefore, were of
Late ~ampanian to Early Maestritchtian age. Their densities

3

ranged from 2 32 to 2 85(x107kg m-a) with a mean density

of 2.56x103 kgm"3 and a standard deviation (r.m.s. er-or)
of 4+ 0.186x103kgm"3. The histogram, fig. 4-1 (a), dravn with

an interval of O.Oleoskgm"B seems to indicate the existence

E
of two eategories of ferrigenous sandstones. The first group
has a mean density of 2.‘x103kgm'3 and the other group hos

2 density range of 2,45 to 2,87(x103) kt_r;,m-3 with a mean density
of 2.69x103kgm*3. It is the opinion of the author th-t the
group> of ferrigenous sandstones with higher mean density might
contain more iron than the group with a lower mean density,
This opinion could be supported by the {act that Ojo (1974)
obtained a density value of 2.64x103kgm"3 for ferrigenous
sandstones with high iron content in the Niger basin which is

very close to the value 2.69x103kgm'3 obtained in the present

survey.
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(ii) Non~Ferrigenous 5-ndstones

36 of the samples collected on the field belonged to
this group. They were collected from the Awe and Keanz/
Ilakurdi formations, Therefore, their ages range from Late

‘1bian to Cenomanian. Their densities =lso ranged from

2.2 ©8 . 2.75 (x103) kgm"3 with 2 mean density of ﬁh'nxloskgm 3

and a standard deviation of + © 161x103kgm"3. The histogram,

fig 4A-1 (b), shows an almost normal disiribution wit!l. = mode
of 2.41x103kqm-3.

(b) Albian sritsténes and siltstones

Cnly eight samples, four each, of these rocks were
collected, The densities of the samples ranged from 2.533103
to 2.64(x103) kgm-? The histogram for these rocks, shown in
fig, 4-1 (c), indicates th=t the densities ~re evenly distributed
about the mode {2.58x103 kgm-B} which is -lso close to the mean

density value of 3.61x103kgm'?

4,5,2 + Laterites

18 sam les were collected and their densities anolysed,

The range of densities obtaxined was 2,17 to 2,70 [3103) kqm"B

and their mean density was 2.37x103kgm_3 with a standard
deviation of + C.14x103 kgm“s. The histogram for these

s~mples h=s two peaks approximately centred at = 78 =nd
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2.53 (x103) kgm"3 fig. 4~1(d) :ven though no chbemical
analysis of the samples was made, the higher density lateriec
are assumed to contain more iron thon the low density ones
similar to the high density ferrigenous sandstones, “l1so,

they could be less weathered than the low density ones,

4 5,3 . Dasement Rocks

51 rock samples collected belonged to the brcement
complex. The samples were m-de up of granites, quartzites
and pegmatites., Their respective density analysis -re

discussed below,

(2) Granites:
20 specimens mainly coarse-gr-ined gr-nites were collected,

Their densities varied from 2,51 to 2,65 (x103) kgﬁg, The

mean density obtained was 2.56x103kgm_3. Though the mean

density obtained is much lower than 2,65 and ?.68(2103)kgn -
obtained by Cjo (1974) for Dbiotite granite and gr-niie gneiss,
respectively, in the liiger yalley and 2.66x103 kgm-a obtained
for the Older granites of the Younger granite province of

Iligeria (fjakaiye, 1970), it is within the published range of

dénsities for granites - e,g, 2,50 to 2,70 (x103) keym -
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(farasnis, 1973) and 2.52 to 2.81 (x103) kgm™> (Debrin, 1960).
The density histogram for this group of rocks, fig. 4.2 (2)
shows 2 normal distribution »ith a mode of 2 56x103kgm'3
Because the granite samples collected for the density analysis
we e not weathered, the author is of the opinion that the low
density value obtained for the samples is due to the nature
of the rocks.

(b) Quartzites:

The density analysis was carried out on only 8 samples,
Their densities varied from 2.53 to 2,70 (x103) kgm"3 and
the mean density was 2.64x103 kgm—3 with a standard deviation
of + O.O34x103kgm-3. Even tlough the density analysis for this
rock type involved only a few specimens, the density histogram
(fig 4=2(b)) shows a normal distribution of the densities

3. The mean density value obtained from

about 2,65 x103kgm-

the density analysis (2.64x103kgm_3) is within the published
3 -

range (2,60 to 2,70 x10 kgm 3) for quartzites (Farasnis,f 1973).

(c) Fegmatites

Only 3 samples were collected. Their densities ranged
from 2 54 to 2 64 (x103) kgme with 2 mean density of 2.59:-:103
kgm-3 Because of the few number of specimens collected, no
histogram was drawn for their densities but the mean density

obtained is close to the value 2.64x193kgm-3 obtained by

rairhead (1976) for pegmatites in East Afriga.
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4.5.4 + Valcanic Rocgg

Rocks of this category collected during the survey were
bzsalts, vessicular and non-vessicular olivine ty es, tracl.ytes
and ryvhotites, The details of their densities are discussed
below,

(a) Baszlt

*s mentioned in the last paragraph, two types of olivine
baszlts, vessicular and non-vessicular, were collected for
density analysis The densities of each type wzs therefore
treated separately.

(i) vessicular Basalt

“he densities of the specimens collected ranged from

3 -3
2.62 to 2.70 (x107) kgm ~  The mean density obtained w:s

2, 66x103kgm"3 with a standard deviation of o.ossxa_oakqm'?'.

45 for the nuartzites and pegmatites, no density histogram
w=s drawn for the vessicular basalts because of the small number
of specimens analysed. The mean density value obtained in
the present survey (2.65x103kgm'3) is slightly higher than
the value 2.50x103kgm-3 obtained by LarFehr (1965b) for vessicular

baselts in the Southern Tascade Range, U,35.A.
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(ii) Hon~-vyessicular Bocz21lt and Trachyte

5ix samples of this class of rocks were ecollected and

their densities varied from 2 86 to 2,93 (xloa)kgm-3. The

3 with 2 standard

mean density was found to be © 90x103kgm'
deviztion of + G,027x103kgm'3. ‘gzin, because of the sm-1ll
number of specimens collezted for density analysis, the
density histogram for the rocks wzs not drawn., 7The vzlue
of the mean density compares favourably with ?.90x103kgm-3
obtained by 3arland et al (1961) for basalts in ‘Jestern
Z-nada, 2,92 and 2,97 (2103] kgm_B obtained Dby Hill (1963)
and Thompson and Talw:ni (1964) for basalts in the jestern
and Z“entral parts of the United States of smerica respectively,
The value obt.ined from the current survey 2lso f:lls.within
published values 2,70 to 3, 30 (x103kgm"3) (Nettleton, 1940;
Farasnis, 1973),

‘Jhen the densities of £11 the basalts and tr-chytes were
combined, the resulting histogr:m is shown in fiy. 4,2 (@).
Thre mean density then falls to = 74 £.13(x103)kqm“3
However, the histogram clearly shovws two distinct density
distributions The first distribution h:s a2 mode of 2.67
xlﬁskgm"B wihiile the other has = mode of ?.90x103kgm~3.

These two modas represent the mean densities for vessicular



and non-vessicular Dasalts respectively. Therefore, the mean
density obtained here (2.74x103kgm-3) may not be useful for
interpretation purpose since it does not truely re_.resent the
density of either of the two ty es of basalts in the project
area, However, the value compares with 2_743103kgm-3
obt~ined by Fakiser (1964) for basalts in the Cascade Range
of the United 5tates of America,
{(b) hyolites

5ix samples of this rock type were collected, Their
densities ran ed from 2.58 to 2.74 (x103) kgm™>. The mean
density obt=ined "as 2.64x103kgm-3. The density histogr-m
for this class of rocks was not drawn because of the few
specimens collected for the density analysis.

A summary of the densities for b-sement and volcanic

rocks are listed in table 4-Z,

4,6 : ‘dopted Densities Used in the Interpretation of the

3ravity Data

Combined density histogr-ms were drawn for each of the
major rock tyres (sedimentary, basement and volcanic rocls)

to determine their respective group mean densities,.

83
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4,6,1 : Sedimentary Rocks

Firstly, the densities of all the sandstones,
excluding the highly ferruginised ones, were combined and
analysed, The resulting histogram is shown in fig., 4-3 (=),
The mean density obtained w-s 2,44 C-.I.SO';:103‘.~:rJrr‘-3 which
is the same value obtained fZor the 3Zim: sandstones in the Upper
Denue {cratchley and jones, 1965) and which closely agrees

2

with the wvalue 2.4Dx103kgmf“ obtained for sandstonec ‘n {he
Lafia -rwe region of the projeci area (Ajakaiye =nd Lj-yi,
1977). DBecause the sandstones of the project =rea, except
the ferrigenous ones of the Lafi- formation, are the lateral
e~uivalent of the Bima sandstones (formation), 25 discussed
in section 2,3 3, the v2lue 2. 44 4 C,150 xlo?kgm*3 vIas
therefore accepted as the average density for the sandstones
of the ‘we, Keana/lizkurdi formations in the lMiddle ~enue,
"1go, the measured density value for the Llbian gritstones

and siltstones in the present survey was 7.b2x103kgm"3.

This vazlue gompares favoura-ly with the wvalue 2. 65x1031q;m -3

obtained for the Albian shales of the same area {(Zratchley

.-

and Jones, 1965), Similarly, the value 2,56 4 C, 186 xloskgﬁ3

obtained as the mean density for ferrigenous sandstones of the
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Lafi~ form~tion was considered recanable because it liec
within the range 2 27 to 2.64(x103) kgmm3 obtained for
ferrigenous s=ndstones and silistones in the Iliger basin
(Cjo, 1974).

The densities obtzined for 2ll the sediment-ry rocks
were then combined and analysed, The resulting hictogr-m is
shown in fig. 4=3 (). The mean density obtained was 2,47
+ 0.152x103kgm—3. This density value would be useiul during
the modelling exerise if the sedimentary rocks are taken 23
2 unit and simply contracted sith the basement instend of

contrasting them with the bisement formation by formation,

4,6,2 + Basement pocks

. combined histogram for the basement rocks is shown
in fig. 4.4(a). It indicntes z normal density distribution
about 2 56 # C.042x103kgm_3. This mean density value is rather
lo in comparison to the standard v-lue (2.67x103kgm“3) for
D sement rocks The disparity in the two values w:s due
to the fact thait grznites, vith a mean density of Z.7Cx10

kqm’“3 formed =2bout 609 of the samples tre:zted, .5 st ted

in section 2.5, gneisses z=nd migmatites are the major

components (formations) of the bhasement in the area and not
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granites, Consequently the mezn density of basement rocks
(2.56x103kgm"3) arrived at, here was thought not td be
respresentative of the basement rocks in the area, Instead,
the mean density value, 2, 65x103kgm"3, obtained for quartzite
was considered to be perhaps closer to the mean basement |
density. As earlier mentioned in section 4,5.3, only eicht
quartzite specimens could be collected during the field

work for density analysis. As a result, the value 2.65x103kgm"
may also not be representative of the density of the basement
rqcks in the project area. Therefore, the value 2.67x103kgm—3,
noemally assigned to the mean crustal density, was aossumed

for the basement rocks in the project area in the modelling
exercise,

4,6.3.: Volcanics

Fig, 4,4 {b) shows the combined histocgram for the
densities of all the volcanic rocks sampled, The histogram
clearly shows the existence of two main densities for the
volcanics in the area, The vessicular bosalts and rhyolites
each have a mean density of 2.65x103kgm33 while the non-
vessicular basalts and trachytes have a mean density of
2.90x103kgm-3. These values were adopted because they compare

w7ith published values,

Ly

3
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5 DENSITY

R OCK TYPE ( %103Kkgn-3
Ferrigenous Sandstones
(of Lafia Formation) 2,56 + 0,186
Sandstones of Awe
Keana/Makurdi formations 2,40 + ©,161
Albian shales, Siltatones
and gritstones 2,60 + 0,151
3ranites 2.560 + C,041
Rhyolites 2,65 + C.,048
Vessicular RBasalts 2,65 + 0,066
lion=Vessiculax Basalts/
Trachytes 2,90 + 0,027

Table 4-3: Densities Accepted for Modelling




o1

-3

A summary of the densities accepted for modelling is

shovn in table 4=3,

A4,6,4 ; Fossible Density Contrasts

cn the basis of the dencity values for the vorious
types discussed above courled with the known geology of t=

project area. some geologicolly possible density contzosts

have been identified, The density contrasts which ringe Zrom

+ C.03 to 3z C.O.46(x103) kgm-3 >re listec in tadle 4«4
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BRI
JOCK TYrie COLITOTED JITH SRS (3}

. 4
Ferrigenous Sandstones Basemnent + C.06
Al Dian shale/gritstones
and siltstones Ilon-ferrigenous + 0.13

Sandctones
Granite Basement + G, 0a
7escicular basalt or lion-vessicul ar
rhylite boealt or

trachyte { + .25
Jessicul-r bssalt or *Ibian shales ote, T
thvelite
yassicular b-s- 1t or Iidn-rerrigencus

o LS -

ryholite Szndstones bl
Hon-vescicular Basalt Ion-Ierrigenous
or trachyte Sondstones + .40

Table 44 :
Middle Eenue,

seclogically rossible Density Contrasts in

the
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CHAPTER V

IGOSTLSY LAND REGION&L GROVITY IN THE MIDDLE 3ENUE

5,1 : Isostasy | | - o

The term isostasy was originated by Dutton in 1889 to
mean the condition of the earth when all readjustments have
been made to bring about gravitational eouilibrium (Dobrin,
1960), Frior te the introduction of this term, two main
hypotheses had bezn evolved to e:xplain the mistie in a
gecdetic survey carried out in Indin in midenineteenth century,
These were the theorics of fAiry and Fratt. In the Airy's
crustal model, the earth's crust is considered to be 2 rigid
shell which floats on a li~uid substratum in such a way that
the crust penetrates deeper into the substratum under mountaing
than it does under land at sea lewel, . .s stated in another
way by Burrad (1920), ''the theory of isostzsy ascribes to
the earth's crust a peculiar structure in vhich all mountains
and heights standing above sea-~level, and all oceans and
surface hollows dipping below sea level are compemnsated by

excesses of matter underlyving them in the crust"h,
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The Frattis model, on the other hand, assigns a uniform
thickness to the crust., At a certain depth, known =5 the
depth of compensation (1oollard, 1965), the base of the crust
everywhere supports a uniform weight per unit arxea, That is,
at this depth, the pressure due to the weight of the overlying

crust is everywhere the sane,

5.1.1 : liethods employed foxr Isostatic Studies

sccerding to woollard (1965) an area which has dimensions
of 0_5° of longitude by 0.5 of latitude is considered broad
enpugh for carrying out studies on isostatic compensation,
The dimensions of the project zrea for the present survey
was about 2.0° of longitude by 1.0° of 1atitude. Therefore,
isostatic studies, though on a cursory basis, were. carried
out for the project =rea. ’‘mong the methods commonly emploved
in carrying out such studies are;
(i) the calculation of the theoretical isostatic
anomalies of an assumed crustal model based on,
for example, the Ziryts method and comparing thece

anomalies with the observed gravity data,
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(ii) comparing the anomalous masses in the crust and
the upper mantle, using SGamss! theorem, with mosses
represented by the topographic relief,

(iii) plotting the free-air and/or Jouguer anomalies
against elevations over 2 broad region to deter-
mine the relationship(s) between them.

Z“esults from the first method could be very misle-ding
if the -scumed model of the crust differs from whzat zctually
exists (Hill, 1963). /lso, the method is dependent on the
assumed density and dimensions of the compensating (2nomalous)
mass (LzRehr, 1965a). /[ major advantage of the second method
is the uni ue determination of the compensating mass which 1s
made poscible by the use of SGauss'! Law, Though the method
is independent of the dimension of the compensating mass
(LaFehr, 19652), it does not provide information cn the
crustal structure (Hill, 1963),

in this survey, the main method employed in studying
vhether or nct the project area is isostatically compensated
ic thie third method described above. The first method wvas
not used not because of its defect already mentioned but
because the emphasis of this work is just to find out whether

or not the area is in isostatie¢ e~uilibrium. Despite the
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uniqueness ir dete£ﬁiﬁiﬁg t;e compeﬂéifiﬁg mass,lfhe second
method was not employed for the isostatic studies because in
determining the exXcess mass the method does not cnly invelve
gridding the residual map, the residual values ~i the grid
oints must also be integrated over an infinitie arxen

(4jayi, 1975). That is to say, the latter condition implied
summing the residua}s far beyond the boundaries pf the trough
or zrea of interest, 1o general. 1In this survey, that condition
could ncti be satisfactorily met because the area of data
ac-ulisition barely erceeded the trough boundarie-, Other
limitations of this method such 28 the error due to the
curvature of the earth's surface znd the loss of the gravity
1signalt in background 'neoise' at infinity have been discussed

in detail by Hammer (1945) and LaFehr (1965a, 1965b},

5.1.2 : Tsostasy in the lMdddle 2enue

Ty

rig. 5-1 shows the 1lot of the gravity anomaliecs
(3ouguer and free-air) with height in the project area..
The heights of the gravity stations wvere sampled at every
16,5m (50£t). Then for -1l stotions with beights within ench
height interval, the st:.tistical average of their heights

and their corresponding gravity values were respectively
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determi;;d,f The values for all the intervals were then
plotted to give the figure., A linear regression was carried
out for each plot to determine the equation of the 'best?’
straignt line passiﬁa through the plotted points., !(lso,
the correlation factor of each line was determined., For the
free-air anomaly (FA), its variation with hedght (h) was
found to be governed by the equation I o

rp = «18,182 + 0,0356h ..., (5~1)
with a correlation fnctor of ©,81. For the Douguer anomzly
(BaY, the equation was found to be r=‘l _. | “
B = ~18,182 - ©.0016h .. (5-2) - i+
The corresponding correlation factor obtained as ©.C08.
The high corre”ation factor of ¢ 81 for the variztion of the
free~air anomsly with height s iIntexrpreted to mean that
there was an almost direct relationchip between the free-airx
anomalies and heights, as is ususzlly the case, This view is
further supported by the fact thot the gradient {C.0356 mgals
1l '1) of the line represented by ecuation (5~1}) above ic
close to the value of the vertical gradient of gravity (C,03086

mgals m~ 1

}. On the other hand, the low correlation between
the Bouguer anomalies and the heights showed that the two
gquahtities were independent of each other, Therefore, the

low corretation factor between
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o

the two juantities was interpreted to sugjest that the
density used for the Bouguer correction was probably correct
in accordance with the lettleton{s density proflling technigue
(Ilettleton, 1940, 1973)., *

The zverage value of the free-air anomaly over the
project area was found to be 0.171 mgals. Near zero values
of the average of the freee~air anomalies over - bread region
in which horizontal dimensions are much greater than the
crustal thickness have been interpreted to imply near perfect
isostatic compensation of the region (Thompson, 1959; Dobrin,
196C- Laiehr, 19652) Because of the small value (C.171mgals),
of the mean freee-:ir anomaly obtained, the project arez was,
therefore thought to be ne:r being completely compensated.

fccording to Hill (1963} a broad region with an average
free-2ir anom:ly (5&) ecuel to zero has had the excess mass,
represented by the average topographic elevation, compens:ted
by an e~al amount of defigniency at depth, He further proved,
in the same raper, that the average 3ouguer anomaly (iﬂ} over
the area should be e~ual to the average 3ouguer correction
(a&) used in reducing the gravity data over the area. That is

BA = - 2753 R ... (5-3) ' | . _. | SIS
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"hen FA =0
€~\ = density used in Bouguer correction

and h = aver-ge st-tion elevation in the -ren
In this work, the average elevation of the project area was
found to be 165.73m (502ft.) and the average Douguer correction
using e~uation (5-3) about was found to be -18.46 mgals,
This value favourably - compares with the value -18,15 mgzals
obt -ined as the mean Bouguer anomaly value for the project
area. The agreement between the two values further confirmed
that the Middle Benue is in a state of near total isost:tic
compensation,

“nother method for studying isostatic compensation,
which is more ~ualitative thaon the methods so faor discussed,
is plotting the 3ouguer anom~lies z2long a profile with the
corresponding station heights and noting whether or not thexe
is an inuerse relationship between them, 3Becausc of the
fact that compensated highlands are underlain by light
m-~terials., the Bouguer anomaslies over such highlands should
be negative  Also, the Bouguer ~nomalies over compens-ted

oce~n deeps should be positive bec-use they are underl-in
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by denser than normal materinls, Therefore, an inverse
relationship is expected between the 3ouguer anomalies ~nd
the station elevations over o tot:lly compensated broad
region, Fig, 5«2 shows such an inverse relationship, over
some sections of the profiles, between the Bouguer anomnlies
and elevations plotted for certain north-south and ‘lest=-22ct
profiles, Thus further confirming th-t the Middle Eenue is
near complete isostatic compens&tion,

5.2. : The Regional Sravity

The Bouguer ancmalies derived from the observed gravity
data are usually considered to be made up of two components
- the regional and the residual anomalies., The regional
anomalies a2re usually ascribed to structures of regional
extent while the residual, which is what remains when the
regional has been subtracted from the 3Souguer anomzlies,
are considered to be of local oxigin, In order to be able
to make any meaningful interpretation of the Bouguer anomaly

map (fig, 3-4, in this case), the regional must be removed,
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5.2.1 : Methods used in Removing Negional fnomalies

Three main meihods are used in removing the regional
gravity from the reduced observed gravity data (i.e. the
Bouguer anomalies), These are the
o (i) smoothing (graphical) method

| (1i) gridding (moving averaye) method
and (iii) polynomial surface fitting method,
Any, or the combination, of the =zbove methods can be used for
a given survey depending on the complexity of the Bouguer
anomaly map.

J The first mathod entails visually examining the loited
Eéuguer anomalies and drawing in a smooth curve or line =25 the
regional gravity, if = single profile is involved. If an
entire map is involved, the process is carried out over
selected longitudinzl and transverse profiles using the comron
(crogssing} points 25 control jpoints. Then a regional mzp is
subse~uently deduced from the regional irends on the profiles.
Whether the method is employed over - siingle profile oxr over
a whole map, the method is subject to the personal prejudices
of the interpretexr (+=2ul, 1967; Skeels, 1967). SN

- .
L
| LPRINE

]
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 The Qridding mefhod, which iﬂ eﬁéenﬁéqinvblves two-
dimensional numerical filters, uses concentric circles,
Tt is the method mostly criticised in literature. T“he nmajor
criticism against thie method is that it does not pogsses any
definite quantitative relotionship with the anomalous miss
(Gkeels, 1967)., Tousequenily, dif“erent resulis are obtnined
from Aiffecrent formulas and/or grid spacings, Acrording to
ITettleton (1954) =nd Roy (1961), the only physical significance
of the method is the proportionality that exists between the
filters and second derivatives  The method is anomzly dependent
(vajk, 1951) but is useful in locating smzll anomalies nnd
also for resolvifg overlapring ones (Ckeels, 1967). Hovever,
the methed also chanaes or dictorts the shapes of anomalies
(Appel, 1974)., ~nother disadvantage of the method iz that
contouring errors are propagated to the derived residuzls, if
the grid spacing is less than the data separation (Romberg,
1953} . accoxrding to LaFehr (19655\) in order to sgccessfully
remove the regional anom:lies, using this method, the grid
spacing should depend on the size of the residuals to be

resolved, i e

"
e

LA
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The polynomi:zl surface fitting met-od was introduced
-y Gkeels in 1967 The method is bagsed on fitting = low
order (degree), usually not more than 2nd order, pelynomizl
surfazce to the Douguer anomaly map in either the less anomalous
parts of the map or over the entire map depending on the
complexity of the Bouguer ~nomaly map. & modified version
of the method, was =nlso introduced in 1967 by Faul, In this
method, the polynominl fitting is carried out in smell areas
around the data points, Zither of the two methods just
diccussed has the advanta:ie of using dats points in comput-~
ing the regioneal, Bance the subsequent regionr:ls ore independ-
ent of contouring errors oh the BZouguer anomaly miys (3keels,
19673, However the polyncmial fitting method involves too
much calculations (tfpsel, 1974). Thereforxe, » copputer may
“Yave to Te used in carrying out the fitting., This seems to
be the mzjor defect of the method,

© 2 2 : Removing the Tegionzl in the .resent Survey

As discuzs~d in section 5,231 the smoothing method can
be used to derive the regional snomaly map from a Souguer
znomaly map., For example, 3arland et al (31961) derived the

regional gravity map for their survey in the Southiern Rocky
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Therefore, using the gridding method would have introduced
contouring errors c=rried over from the Bouguer anomaly map
to the derived regional znd residual anomaly maps s stated
by Romberg (1958). <Consequently, the method wes considered
not suitable for this work.

Because of the reasons given above, the Skeel's method
of polynomial surface fitting w-s used in deriving the
regional and the subsequent residual anomalies, - first,
second and thirxd order wolynomial surface wis used in Titting
the Douguer anomaly mal using data sampled both in the
vundisc turbed areo of the map and over the entire may, In
each case, the approrimate centre of the projeci aren was
considered the centire of each of the surfaces, The only
ressonable £fit obtained wns that from the first order surface
fitted to the date sampled over the entire 3Douguer anomaly
map. The other computed surfaces gave either too large
regional vzlues or entirely positive residuals over the
the project arxea The polynomial coefficlents derived from
the 'best! fit were then usedt o compute the regicnal anomaliec
2t the data points. “The compuied regional azncmalies were
automatically plotted by the computer on the 7TALCCHF Plottier
but were manually contoured to give the regional anomaly

map shown in fig. 5«3, i
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5 3 : The legionzl inemaly Map

The contours on the regional anomaly map trend [1I-GJ
pgrallel to the axis of the trough, Also, the contour lines
are almost evenly spaced; probably because of the ~ssumed
surfac: used in fitting the Bouguer anomaly map. Lhe gravity
‘values cn the map increzse gradually in the north-south

=1 towards the south,

direction at the rzte of $,26 mgals km
This value cor esponds to the value of the regiomal gravity
gradient obsexved Dy Tratchley and Jones (1965) in the [Middle
BDenue, In the wesi-east direction the regional gradient obtalfec
in the present sugggy;%éﬁf?ggstﬁg::ast. ecause the project

aren exrtended from thé basement noxrtih of the trough to that

south of the troujh coupled with the fact that the xeglonal
gravity gradients are small-v-lued, the regicnal gradientc

o tained for this survey are consgidered to be what the observed
gravity v-lues would have been if the entire project area

had be'n filled with bosement rocks. This view is buttressed

by the fact that the regional map (fig. 5-3) does not correlate

with surface geology (fig_z-i}.
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5.4 : The Residual Anomaly Map and Its Correlation wiih

surface Seodology. o : oy

Fig. 5-4 shows the residual anomaly map produced for
the gurvey area. Generally, the anomalies trend [I3-37) .
exc€ept *ithin the area immediately to the south of the Keana
anticline in which the anomalies trend My=58. “Around 3boko,
the anomalies tend to bDe circular, For the purpose of
correlsting the residuzl map (fig. 5-4) with surface geology
(fig. 2-1) for a ~alitative interpretation, the residual
map has been divided into five broad regions diecussed in

detail below,Fig. 5-5 is a superposition of fig 5-4 on fig 2-1.

5.4.1, : Zone 1

This zone ig libellad 1 in the southwest corner of the
residual map. Tthe éohe appears to be part of » cizrcle witi
s appProximate radius of 30 km centred about 20 «m to the
notheeact of 3boko. This zone also contains the area of
vositive Bouguer anomalies in the project area (fig. 3-6),
There are three main anomalies within the region zfd they
have been labelled 1a to 1c. B

| | ‘nom:zly la seems to e that due td a bfbaépanficliné'

or -n anticlinerium However, it does not correlate with any

ol
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of the folds (syhclines dnd anticline;) shovn on the geolojical
nzp (figs 2~1 and 5=5) within the area corresponding to zone

1. These folds were reporited by Kogbe et al (1970). oth

the liakurdi gnticline and syncline which are considered to

be major folds (iogbe et al, 1978) are not reflected on the
residual anomaly majp, The gravity data in the zone is |
sufficiently detailed enough to eanble one to delineate the
folds if they are major ones, Therefore, it is the author!s
opinion that if the Makurdi syncline and anticline exist =t

211l within the zone, they may not be major folds. The broad-
ness and the magnitude of the anomaly values in region 1a

are similar to those observzd over the Keana anticline/
anticlinorium (zone 3), Therefore, the observed anomalies

in this zone are tentatively aseribed to an anticline/
anticlinorium which may contain the Asu River formation,
possibly with some volcanies at its cdre, similax to that of
the ¥eana anticline. This anticline which may be called the
Igbor anticline, because it passes through Igbor, is neither
the one hitherto referredt o as the Makurdil Anticline (Offeodile,

19763 Kogbe et al, 1978) nor does it appear to be part of ihe

e v i
£ e

Kenna anticline,
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Anomaly 1b is almost elliptical in shape, The v-lue of
the residual anomaliec in this section of zone 1 is about
the same magnitude as those of anomaly 1a and is positive
relative to its surroundings. From the gravity gradients in
the region, the anomaly is thought to be due to a basic
intrusive, Secause of the closeness of this anom:xly to the
southern sediments/basement contact, the area might have
been the centre of volecanic activitges in zone 1 since marginal
volcanism are commonly associated with eontinental rifts
(Ililanovsky. 1972),

‘'nom21ly 1l¢, which is also almost elliptical in shape
and is a2 region of low residual anomaly values in “hicgh the
contours are closed. The 2nomaly occurs entirely within the
basement, Srapite reaches the surface in IMkar near Gboko
viiere its height above the surrounding had been estimated
to be about 260m (Cr:=tchley and Jones 1965)., ‘lso a 5.3.10,
borehole in Yandev (Z.1. 1101) encountered granite at = depth
of about 18m, Therefore, the low anomaly values in this
region have been ascribed to a granitic intrusion vhose

density is smaller than that of the surrounding basement,
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5.4.2 : Zone 2

Tthis zone is just to the south of the Keana anticline
(zone 3). The residual anomalies in this zone trend south-
eastwards, There are four local anomzlies within the zone
and they have been l-belled 2a to 2d,

Anomaly 22 lies in an elongated area with an approsximate
wzis trending Jrom 3bajiumba to Ugba, Thue value of the
residuals in the area decresse £rom the flanks towards the -
central axis, Te marimun gravity relief from the edges to'
te central axis is about -~ 20mgals. The average width of
the area occupied by the anomaly is about 3Ckm. 3ecause of
the hirh gravity gradients along the flanks of the area, the
=namaly is thought to bhe due to a grasben. The tentative
name suggested for it i< the Ugbz Graben. ..lso, the gravity
data suqggests that the graben plunges towards the southeznst
and thzt the anomaly 23 subdivides into two narrower anomzlies
ﬂround_the southern sediments/basement contact,

: Aﬁomaly 2c, like that of 2a, txends to the southeast.
The width of the anomaly varies from about 10km around
Jangerigeri where it originates to more than 20km around
Lyufu, <+t is most nrobable that the anomaly extends outside
the present project arec around the south-east edge of the

map (fig, 5-4), The approximate axis of the anomaly Dasses

o e



¢ through Jangerigeri and 2xufu. 7Jithin the project area, the
ma2ximum gravity relief of the anomaly, from the flanks to
the eentral axis;, is about-10mgzls. +s in the case of znomaly

2a, the gravity datz suggests the anomaly is due to a graben

which also plunges to the south-~east. 7The tentative suggestesd
name for this graben is the Arufu grzben. The fact that the
gravity relief (-10mgals) of this anomaly is lesg than that

of anomaly 2a, -20mg:ls,suggests that the floor ol the rrufu
graben is probably shallower than that of the Ugba graben,

“-  gandwitched between anomalies 2a and 2¢ is a narrow
alongated anomaly whose residual anomalles are positive relatjvse
to those of 2a and 2¢, The axis of the anomaly also tréhds
to the southeczt, thile the length of the andmaly may not
exce=d 30km, 1ts maximum width is about 5km, Both the eastern
and vectern margins of the anomaly =re characterised by very
high gravity gradients conse~uently, the anomaly is thought
to e due to o~ narrov horst Beczuse the horst passes near
tkvana, the name slwana Horst is tentatively sugnested for it,

Anomaly 24 35 relatively small in area. It is elliptical

in shape and lies bet weaen the northwest boundary of anomaly

T
Za and the southern boundary of zone 3, The anomaly, tlso lies
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just to the northeast of Olgy Lake, Relative to anomaly 2-,
the residuals of =nom2ly 2d sre positive., Decause volcanics
exist in the neighbourhood of the area (fig. 2«1) and sm-11
volcanic cones hxve been mepped south of the area (Kogbe

et 21, 1978) coupled with the shorp gravity gradientc 2long
the edges of the -2nomaly, it £s the author¥s opinion that
the anomaly is due to 2 voleanic intrusion located at a
shallov depth,

Two observ:tions are noteworthy in zone 2, Firstly, the
boundary between this zone and the neighbouring zones are
characterised by high gr-vity gradients which seems to sug jest
faulting along the boundaries, Also, the residual anomalies
within zone 2 (except in regions 2b and 2d) are negative
relative to the residuals'in the adjacent zones, On the basis
of these two observations, the author would like to suggest
that zone 2 is essentially a subsided or rifted arxea in which
the subsidence might have been accompanied with south-east
trending block faulting, The block faulting might have, in
turn, produced the Ugba and rrufu Grabens separated by the

n2rrxovw ~“kwana Horst.



4 Yt ‘s also interesting to note that the volcanics in
thi; zone (fig. 2-1) occur alony the boundary between this
zone and zone 3. It is ‘therefore thought that the volcaznic
flows in the are:z midght have reached the surface tiirough
the fault and fracture planes along which zone 2 might have

subsided.

$.4.3, :+ Zone 3

This is a broad région in which the residual anomalies
trend northeast. The region corrxelates with the aAmu River
fromation (complex) which ic known to be the corxe of the
Keana anticline (Cratchley and Jones, 1965; Gffodile, 1976).
“he broadnes: seem to suggest that the ares is either an
anticlinorium/broad anticline or a broad horst, The sharp
gravity gradients aleong the porthern and southern boundaries
seem to f avour the latter sugestion, Based on tlie geological

the main structure . -
mzap fig 2-1‘P] the zone, the Keana anticline, is locnted
towards the northern fringe of the zone. This sugnoests
trt the axis of the anticline on the ground surface is
located to the north of the axis of the aznticline =25 deduced

from the residual anomaly map (fig. 5«5),



5.4,4. : Tone 4

The anomaliec in this zone alse trend northeast. The
zone represents the region of maximum thickness of the
sretaceous sedimentary formations., The known main structures
in the zone axre the Ziza syncline { Bynclinorium}), and the Obi
anticline whose a»is arxe parallel to that of the Keana
1.;nticline, and the Giza favlt, The 3iza syncline and the
.Gizé fault occur to the west and east of Siza rg5pectively,
.8 can be deduced from the residuwal gravity m~p, fig 5-4,
the Giza syncline ic doubly plunging with its shallowest
’ pértioﬁ around Obi. Frrom there it plunges both to the
5 and ¥, In the project aresn, the deepest p=xt of the
syncline, a8 suggested by the gravity data, lies between
Wadarko znd Siza where it seems to form a2 basin, flso from
fig Se5. it can be seen that what has been referred to as
the Giza syncline between rgaza and Obi by Offodile (1976)
and shovn in fig 2~1 may infret be a minor arm of the Giza
syncline rather than the main syncline itself, The gravity
data suggest that the axis of tre main synCline passes through
Ltabara to points jusi north oif Obi_and Jangwa, The Giza
fault and the Obi anticline hay Dbe responsible for the
deviations from the regional trends of the regiduxl gravity

s

contours in the Obi -~ Agaza area,
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 _ 5,4.5 : Zone 5.

This zone is characterised by high residual anomaly

- values, DBecause the zone is within the sedimentary region

~ of the frough, the high grazvity walues in this area relative
" to those in zone 4 may be due to the basement existing below
a thin sedimentary cover. The anomalies could also be due |
to shallow but broad igneous intrusions also existing at
shallow depths. Other gvidences in support of this ide: is
the fact that quartz dykes and Yognger gravites are known to
- exist within the migmatites which form the basement around
jlassarawa Zggon (Oyawoye, 1977), Also, alternate injeection
of deep-seated dykes exist around the basement/sediments
contact in the same area (Olatunjil, personal communications).
The real source of the anomalies could be a combination of

these two sugijestions.



CHAFTER VI

INTERFRETATIONS OF SCME FROFILES ON THZ RESIDUAL /JNOM/LY MAF

4.1 : Introduction

b ]

The method used in deriving the residual anom-~ly map
and a ~ualitative interpretation of the map have been
discussed in Chapter 7. Detailed interpret-tions of scme
selected profiles on the residual anomaly map sre presented
in this chapter. The criterion for selecting e-ch of the
profiles interpreted was th -t it had data points throughout
or z2lmost throughout its entire length,

For each profile, the regional anomaly shown on the
Bougner anomaly is thot determined by the process discussed
in section 5.2.2, <Consecuently, the residual anomaly shown
below the Bouguer anomaly, for each profile, is the residual
anomaly along the rrofile as deduced from the residual
anomaly map (fig, 5-4), DBecause the datz points on any of the
profiles do not lie on = single continuous straight line,
most of the vrofiles have been approxim:ted on the residual

map by more than one straight line.

122
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6,1.1 : Modelling

A common feature of the residual anomalies aleong each
of the profiles iz thot the residuasl values are more negative
over the sedimentary portion(s) of the profile than they are
on portion{s) lyins over the basement rocks, The assumption
made in the interpretation is that the above observation is
due to the foact thot the sedimentzry cover has a negative
dengity contrnst relative to the basement,

’ The residual anomaly mzp (fig. 5-4) suggests that the
lengths of tixe major anomalies in the project area greatly
exceed their widths. As a result, the anomalous bodies
causing the gravity anomalies were assumed to be two-dimensionnl,
The theoreticel residuals of the assumed two-dimensional
model were thus calculated for various points on the profile,
using the line integral method (Talwani et al, 1959; Juereshi
and Mula, 1971; Jin, 1974) for 2 twowdimensional bedy, A
computer program wos written by the author using the algorithm
described by Talwani (1973) to calculate the theoretical
residual anomalies at some gilven points along o profile, for
a given model, The program also compared the obgserved residunl
with the theoretical residual at ezch sampled dita point and
automaticnlly ploted the two types of residual anomzlies, at

each given point, on the line
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Printer. The modcl was manually adjusted until the root-
mean-souare of the differences between the observed and
comput=d residu-ls at the sampled dat-~ points was less than

=~ presa& - value For the northe-south profiles, d-t- points
were sampled every 4km while on the shorter z2ross profiles, the
sampling interval w25 2km, In modelling th2 @ausative Dodies
beneath the profiles, available geologic inform-tion such oo
the basement/sediments cont-cts and the approximate loc-tions
of the boundaries of the vorious formations along the prefiles,
vhere applicable, were employed in consiraining the models,

The above constraints combined with the average dips of the
beds in the are- were utilised in drawing the apjprorinate
geologic cross-section for 2 given profile which was used

as the initial model for interpreting the profile, ifiere faults
are inferred from the inter: retations, they are shown in the
appropriate places in the models, Also, in modelling the
intrusives, each intrusive body was assumed to De homogeneous

and therefore assumed to have a constant density,

6.1.2 =+ Density Contragts

Along the profiles in which the approydimate geological

contacts are known, the density vzlues determined in "hapter IV
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were employed in the modelling exercise. cn the basis of tlie
density values obtained in this work, the si; formations

(the Asu River, Awe, Keana (M~kuxdi), Ezeaku, Awgu ond Lofin
formations) encountered in the project area have been

grouped into three major layers (’su River, /we/e-n: (M~kurdi)
and izeaku/'wvgu/A~fia) of sedimentary rocks. The criterion
for the combin=tion of =any twc or more of the form-tions

into a single layer w-s the nezrnecs or similarity of their
density wv-lues The Albizn rsu ‘iver form-tion, consisting of
shales and sandstones vith an avercge density of 2.622103
kgm"g. was treated as a single stratum Decause of its
distinctively high density value., !jost of the sandstones
samples collected for density analysis during the field -ork
belonged to the Awe and Keana (lMakurdi) formations. '5 a result,
the value 2.44x103kgm_3 obtained as the average density of the
non-ferrigenous sandstones collected during the survey, w-s
assumed as the average density of either of the two form-tions,
I'lo rock samples of the Turonian Zzeaku formation and the
Senonian Awgu formation could be collected for density analysis
due to lack of outcrops in the areas troversed durisg the

survey, ~onsequently, the vzlue 2.50x103kgm"3 obtained by
Cratchley and Jones (1965) for the shales of these

ages in the entire Benue Trough, w-s assumed for the



126

two form2tions since they meinly consist of shales, 7The -=verage
density of the Maestrichtian ferrigenous sandstones of the

Lofiz formation obtained in the present survey w-s 7.56x103

kgm '3. The data obtained from the N-SDA boreholes in Kadarko
(BH2) and rgwatashi (BHO6) listed in Offodile (1976) show that
the ferrigenous sandstones do not exist belou 35m from the
ground surface, Due to the fact that the thickness of this
layer of ferrigenous may not exceed 20m, the l-oyer was considered
along with the Ezealu and pwgu formations with an aver ge
density of 2.50x103kgm S

Where the same rock type (formation) outcrops along the
entire length of 2 crofile, there were insufficient geologic
controls for resolving the form~tion in addition to the ones
underlying it into the three sedimentary strata discussed
above, Conseruently, the gsediment-ry cover w:s considered as
a single layer with a density e~ual to the average density of
the sediment-ry rocks in the are-,

From the density analysis, the aver-ge density obtained
from the sedimentary rocks collected w-s 2.47x103kgm "3_

sccording to Offodile (1976), the estimated thickness of the
3

s
could be up to 3kms. Because of the considerable thickness

“su Rver formation, with a density value of 2.6gx103kgm -
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of this high density form:tion coupled with the fact that not
many samples of the rocks of this form-tion were avzilable
for the density analysis, due to la2ck of outcrops, it was
considered that the true aver-ge density of the sedimentary
rocks could be higher than 2,473103kgm “3. AN average
density thought to be more likely to closely appro:im-te the

true gross density of the sediments in the are- w5 determined

using the equation,

n
.
3 g't'
em - (—) . Iocu.t.a-(ﬁ"‘l)
— %4
t=1
where&i = density of the ith bed
ti = thickness of the ith bed

snd n = number of beds

n-u=tion (@-1) assumes that the beds are either horizont:-1l or

at least p-rallel to e~ch other, "t the anticlinesz =nd synclines
where the number 2nd thinckness (es) of the beds may change,

the true average density of the sedimentary rocks maoy deviate
significantly from the vzlue derived using e-uation (6-1) if

used for an intensely folded area. In this work, the error

in the computed average density that may arise due to the
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folding at the anticlines and synclines may not bDe very
significant owing to the fact that the angles of fold in the
project ar—a hardly exceed 100. 2y substituting the density
values listed in table 4-1 and the approximate thicknesses of
the six formations encountered in the jroject area (table
2=-1), in ewation (6~1, the computed average density of the
sedimentary rocks was 2.523103kgm - )

Altogether, six profiles were interpreted in det:-il,
Two of these profiles were in the north-sowh direction,
one in the west-east direction, one in the northwest-southe-st

direction and the other two in the southwest-northeast direction.

Their interpretations are discussed in detail Dbelow,

6.2 ; Interpretation of the HNorth-sSouth .rofiles

The north-south profiles vhich run across the trough,
mwere interpreted in order to study the existing region:=1
structures giving rise to the oB:served residu:ls -long the
width of the trough. It w:=s5s also hoped th=t the structures
beneath these profiles might throw some light on the origin
of the Benue Trough,

6.2 1: The Nassarawa Zggon to Ikumbur Frofile.
T

he profile begins in lNagsarawa Eggon which lies on the

basement just to the north of the trough and terminates in
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Ikumbur which is within the sedimentary region of the trough,
The profile could not be extended to the basement outcrop
south of the trough due to lack of access road, The profile,
shown in fig, 6-1, is about 16 km long and is approximately
represented on the residual gravity may (fig 5-4) by the
straight lines 4B and BC, The residual gravity along the
profile has a single broad minimum with a gravity relief
(amplitude) of -50 mgals but with two maxima existing at
about 10 km south of Nassarawa Eggon and at Igbor, [. major
geological constraint employed in modelling this profile
is that the basement/sediments contact on the northern side
of the trough occurs at about 4 km south of Nascarawa Eggon
(Olatunji, personal communication), The surface geology
1long the profile is shown in fig, 6«1,

The interpreted model for this profile (fig. 6-1) shows

that the profile is basically over a major syncline and a
major anticline, The syncline correlates with the 3iza
syncline on the geological map (fig 2-1) while the anticline
is the Igbor &nticline discussed in section 5,4.1. The
axis of the syncline, where the thickness of the sediments
is maximum (7 km), occurs at about 13 km south of Kadarko,

The axis of the anticline,
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on the other hand, passes through Igbor. The interpreted model

{fig, 6-1) suggests that the region lying between 40 and 90

Im south of Nassarawa Eggon has been downthrown by normal faults
(whose throws range from about C.3 to C.8 km.}. The axis of

the Giza anticline lies almost midway between this region

(fig. 6~1). Also, it can be deduced from the model that the
thickness of the 4su River formation ¥axies from about lkm

to about 3km with an average thickmess of about 2.5km. The

Awe and Keana/(Makurdi) form-tions have an average thickness

of about 2km, On this profile, the maximum thickness of the
uppermost layer made up of the Ezeaku, fwgu and Lzfia formations,
is about 2.5km, The m-oyimum thickness of the overall sedimentoxry
cover occurs at the axis of the Giza syncline where it may

exceed 7km. The significant difference indicated DLy the throws

of the faults in the basement and the sediments suggests at least
two stages of normel faulting, The first stoge might have been

the initial rifting of the trough in the Albian times then
followed by post-Albian normal faalting of both the sediments

and the underlying basement, along existing planes of weakness

due to the increase in sediment leoeding. That is, the post-
£1bian normal faulting (vertical movement) might be contempor:aneous
with the excessive deposition of sedimentsz a5 described by Shelten

(1968).
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Cn this profile, the interpreted model shows that the
average thickness of the Asu River formntion is about 3 km
except in the aren just to the south of Keana whete its
thickness may not exceed 1 km. The combined thickness of
the Awe and Keana formations wvaries from about 1 km around
Assakdio to about 2,5 km in the Keana area. The layer consisting
of the Egeaku, Awgu and Lafia formations is thickest around
Obi where its thickness could be over 3 km, The fact that the
layer which consists of the Awe and Keana fromations is overlain
and underlain by denser rocks (fig, 6-~1) confirms the suggestion
of Offodile (1975} that the layer is a good acuifer, Further-
more, the interpreted model shows thnt the positive residual
anomalies between Nassarawa Eggon nand Lafis can be accounted
for by an igneous intrusion of density 2,72 x 103 kgm‘3 shown
in fig 6-1. The top of the intrusion is about 0.5 km below
the ground suxface,

6,.2,2 : The Arikya to Yandev Profile

. This profile extends from Arikya to Tse M'kovur, about

12 km south of ¥Yandev, on the basement to the north and south
of the trough respectively, Unlike the Nassarawa Eggon to
Ikumbur profile, this profile starts cn the bakement, traverses
the entire width of the trough and terminates on the basement

cn the opposite side of the trough., The profile which is about
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208 km long is approximated on the residual map by the lines
PQ and OR 4n gia..5-5;,., ) The residual
anomaly along the profile has three minim~ with amplitudes
ranging from =37 mgal to -1B mgal over the sedimentary portions
and a single minimum with amplitude of -20 mg-ls over the
basement just to the south of the trough.

The interpreted model for the profile (fig., 6-2) indicates
the existence of three distinct synclines, two m:jor ones
and 2 minor one, corresponding to the three gravity minima
which exist within the sedimentary portion of the profile,
The largest syncline occurs between 20 km ~nd 95 km south of
irikya with its axds at about 60 km south of /rikya., This
syncline is believed to be a northe-st continuation of the
3iza syncline discussed in section 6.,2,1, However, the maximun
thickness of the sedimentary cover on the presemt profile
is about 6.5 km compared with 7 knm obtained in the Nassarow:
Sggon to Ikumbur profile, Also, as in fig 6-1, the interpreted
modelfor the present profile (fig 6-2) suggests a normal
faulting (subsidence) of the region between 40 and 80 km south
cf /rikya which nganin contains the axis of the 3izn syncline.
The faults responsible for the subsidence of this region are
considered the northenst extensions of those discussed in

section 6.2.1 for the interpreted model of the Nascarawes Eggon
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to Ikumbur profile in fig 6-1 bec-use of the similar y in

theixr approximate locations on the two profiles nnd the
macmitudas of their throws, In addition {to the normal faulting
of this zone, the interpreted model also sugrests the existence
of a low-angle thrust fault between Keanx -nd Umengex., Similarly,
the two stages of normal faulting or vertic-ol movenments '
discussed 1in section 6.2,1 might hrve token cloce along this
profile too, 7%The model also shows thot the sediments on the
southern flonk of the syncline along this vrofile are more
folded thain those in similar loention in'fig. 6~1. The possible
existence of the thrust fault nexxr Keana, in the present

profile but which is absent in the last profile, might account
for the different degrees of folding of the southern flank

of the 5iza syncline on the two profiles,

The second syncline on this profile lig@e aprrozmiately
between 90 km and 152 km south of irikya. The syncline consists
cf two arms, The axes of the major and the minox arms of the
symcline exist ot about 5 km and 18 km noxth of Gbajinba
respectively, “he minor arm of the syncline corresponds to
the Makurdi syncline, on the geological map (fig 2-1), which
was identified by Kogbe et al (1978). The major arm, on the
other hand, has not yet been recorded in literature., &s a

result, the name 3bzjimba syncline hoas bezn tentatively suggested
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for it because its axic exists just to the north of Gbajimba,
The third and smallest syncline on the profile occurs in the
area between 152 km sguth of ‘Jannune along the road to Sboko,
This syncline coxrel-tes with the Wannune syncline on the
geological map (fig 2-1)., In 2ddition, the interireted model
suggests that the three synclines discwssed in this paragraph
are part of a synclinorium which m-oy be bounded by » thrust
fault, to the north and =~ normal fault tc the south, The
anticline whose axis lies 2t ~2bout 15 km south of Keana on the
interpreted model (fig 6e2) correl:tes with the Keana anticline,
On the geologic:~l map, however, the nxis of the anticline
passes through Umengerxr which is about 10 km sout: of Keona.
The discrepancy between the loc~tion of the axis of the
anticline on the ground surface and its actu-l location =2t
depthf avours by the existence of the thrust f~ult shovmn in

the model.

The average thickneszs of the /isu lliver formation along
this profile is azbout 2 km except in the ~rea just south of
Keana where its thickness may not exceed 1 km, 7The combined
thickness of the Awe and Keana form-tions v-ories from about
i km around /.ssakio to zbout 2.5 km in the Ke~na area, The
third layer consisting of the Exeaku, /wgu ~nd Lafi: formations
is thickest around CObi vhere its thickness could be up to 3,2 ki,

The layer thins out on both sides of the -xis of the 5iza synclin=,
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. The interpreted model also shows thot igneous intrusions
exist on both sides of the trough adjacent to the bosement/
sediments contacts in addition to o volcanic dyke which esrists
just south of the central axis of the trougl where 1t separatee
the two arms of the Sbajimbr syncline, Between irikya and
issakio an igneocus intrusion with 2 density value of 2,62 u 103
kgm."3 and with its top at about 200 m below the ground surf: Ce
had bezn modelled to account for the relatively low residuals

in the area. The @&ensity value suggests th~t the intrusion

might be Younger granite because the dencity value conpares
3

, obtuained from surface

with the density value 2.62 x 103 kg
measurenents, for Younger grahites in the Jos Flateau (4jakaiye,
1970) about S0 km north of the presént froject nrea, in the
Yandev aren, the interpreted model shows the exdstence of

a two-~body composite intrusion., The outer intrusion, thought

to be composed of intermediate rocks, has z density of 2,82 x i
kgm -3 ascribed to it whikde the inner intrusion hos a density

of the 2,56 x» 103 kgmfz. The loatter density voalue was obtained_
as the average density of thé granite récks collected in the

area during the field work., On the other ﬁand the density

value of 2,82 x 103 kgm=3 used by other workers ac the mean

density of the continental crust for survays in other parts of
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the world (Thompson and Talwani, 1964; Fairhead, 1976) was
assurned for the intermediste intrusions because this Categnrf'
of rocks was thought to be responsible for the positive 3ouguoy
anomalies obsaerved in the area, The dyke which forms the
core of the small anticline seporating the two arms of the

2bajimba syncline between Umenger and Gbajimba is about 1 km

[A]

wide, its top is about 400 m below the ground surface and wa
thought to be of volcanic origin bechuse of the existence

of volcanics on the ¢ground surface in the ore- Coupled with
the relatively high grovity gradients (about 2 mgals km-l)
observed.over the area., /s 2 result, the density value of
2.90 x 103 kgn™? optained for non-vessicular basalt/trachyte
colleated in the ~rer during the field work was assumed for
the intrusion. Jccording to Koghe (Person:l communic-tion),
tha existence of the velcanie intrusion in the 2rea has beon
confirmed by drilling carried out recently by the Higerian
Mining Corporstion after the completion of this work,

6,3 + The Cross Frofiles

Four cross profiles were drawn snd interpreted in oxder
to have an insight into the possible geologic structures in
the direction parzlle) to and perpendicul-r to the axis of the

trough, /fgain, it was hoped that the interpret-tions of the
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profiles might also reveal some information which might be
useful in resolving the problem of the origin of the trough.
6.3.1 : The Lafia to Tsofon Tunga Profile

The profile, which is approximately perpendicular to the

gecloglec and gravity trends in the ares, is represanted
by AiB1 on the residual map (fig 5=4), The profile Sﬁats
across sedimentary xdcks thxoughout its entire length, from
a road jusction 8 km southeast of Lafia on the Lafia-Makurdi
road to about 8 km southeast of Tsofon Tunga on the bushpath
to Wukari, 7The geologlecal contacts on the surface, along
the profile, are shown in fig 6-3, )

The interpreted model (fig 6-3) shows that the profile
is essentially over a major syncline and anticline. The major
syncline, which correlates with the Giza syncline, may also
be normally faulted on both flanks as in the interpretations
of the profiles shown in figs., 6-1 and 6=2, - On this profile,
the Glza syncline contains a small fold between Obi and
Agwatashi. This small fold correlates with the Obi anticline
(fig 2-1). The normal faults within the syncline are also
thought to be a continuation of those shown in figs 6-1 and

6~2 for the same reasons proposed in section 6,2,2, Similarly,
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.the thrust fault located about 2 km southeast of ‘dudu in the
model is thought to be a northeast extension of thit shown
between Keann and Umenger in fig 6-2, The interpreted model
(fig 6~3) also shows that the sediments in the fixzt 15 km
of this profile are well folded, The folding is possibly
due to the existence, in the area, of the Lafio anticline
(fig 2~1) whose axis of fold is perpendiculax to the axis
of the trough (O7fodile, 1976}, that is parallel to the
direction of this profile,

The major anticline on this profile is not o straight-~
forward one in that it might have been thrust faulted on
its northern flank and faulted normally on its southern flank,
The normal faulting of the southeastern limb of the anticline
might be related to the subsidence of zone 2 in fig 5~4 while
the thrust faulting of the northwestern limb of the anticline
might be related to the folding of the sediments in the troug:
and the offset obtained between the geologicolly mapped axis
of the anticline and that deduced from the present survey,
as explained in seciicn 6.2,2, It is most probable that the

two modes of faulting of the anticline Occured :t different times,
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On the geological map (fig¢ 2~1), the anticline correlafes
with the Keana anticline but there is a discrepancy in the
lJocation of the axis of the aonticline ng shown on the recidusl
map, from which the residuals in fig 6-3 are extracted, For
example, on this profile, the axis of the onnticline deduced
from fig 2-1 passes through Kanje while the locaticn of the
'approximate axis of the anticline in fig 6-3 ig ~bout 7 km
to the southenst of Kanje, As earlier euplained in section
6.2,2, the discrepancy in the location of the =zxds of the
anticline as deduced from the ggological and reszidual maps
in thought to be due teo the possible cxistence of the thrust
fault within the anticline,

On this preofile, the average thickness of the 4su River
f&rmation i1s about 1.5 km although in the Obi-sgwatashi
area, the thickness of the formation may be up to 2 knm
while in the Kanje=-3aur h area, the formition could be only
C.5 km thick, Similarly, the combined average thickness
of the Awe ~nd Kennp formations oy not erceed 1.5 km and
it ooftld be considerably thinner, about O.1 to 0,3 km
between Kanje and Tsofon Tunga, The combined thickness of
the Ezeaku, fwgu and Lafia formaticns, on the other hang,

could be up to 3.5 km in the Obi~Agwatashi area but the
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formations gradually thin out on both flanks o the Giza
ayncline. Along the profile, the greatest thickness of tha
sedimentary cover, about 6.5 km, occurs just to the north-
west of Obi while the thinnest cover, about C.5 km, occurs
between Kanie and Baurch,

5,2,.2 ¢ The Daudu to Boureh ifrofile

This profile, whiqh @itends from Doudu on the Lafia-
Makurdi road to Baureh, is entirely over sediment.ry rocks
(fig 6-4). The direction of the profile is zlmoct south-
west~northenst which is the direction of trend of the axis of
the Benue Trough, “he profile is approximately representad
on the residual map (fig 5-«4) by ﬁzBEJ - whick indic=:tes
that the profile is over the Keana anticline between Umenger
and Baureh,

In view of the fact that the entire profile lies over
the same rock type (formation), the sediments could not be
resolved into the usual three sediment-ry strata due to
- lack of adequate geclogic controls., Thus, the sediments,
consisting of the erxposed formation and the older ones under-
lying it, were treated as a single stratum for a2 preliminary
interpretation of the gross structures along the profile,

L8 previously discussed in section 6,1.2, two average densitieg
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of the sedimentary rocks (2.47 x 10° and 2,53 x 10° kgm™>)
were employed in interpreting the gravity anomalies along
the profiles, The former density value is that determined
for sedimentary rocks collected during the field work while

the lat#er value is the average WMPretical density fex the
thzee layers dexived using equation (6-1). Fig. 6«4 shows
the interpreted model when the average density of the
sedimentary rocks was assumed to be 2,47 x 103 legm-:_,'. The
interpeted model shows that between Umenger and Awe, the
Keana anticline essentially plunges to the southwest with
a depression occuring around ®okura., This depression
correlates with the Tokuxrz Syncline repoxrted by Cffodile
(1976) in the area, From the interpretation, the axis of
this syncline occurs at about 10 km northeast of Tokura
where the sedimentaxy cover is about 3 km, The interpreted
model also shows that the Keana anticline is truncated by
a normal fault whog'e throw may be up to 2 km at about 1 km
southwest of Umenger, /[ s a result of the fact that this
major fault has not been recorded in literature, the name
Umenger zt'ault is suggested for it: To the southwest of .
Uménger, the average thickness of the sediment:rjr o;.w-er 15

about 3.5 km while that to the nastheast is only about 2 km
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When the aversge density of the sedimentary rocks
obtained by using equation {6-1), 2,52 x 103 kgmfa, VIS
enployed for the modelling, the resulting interpreted model
is shown in filg 6-5, The gross siructures in this model
are the same as those in fig 6~4. The only mojor difference
in the two models iz that the top of the basement is now
deeper, as axpected, because of the hidher density value of
the sedimentaxy cover. In this model, the thickness of the
sediments about the axis of the Tokura ayncline is now about
3 km, Also the average thiclness of the sedimeniary cover
southwest of Umenger has increcsed from 3,5 km (fig 6.4)

* -+ about 5 km,

Of the two models discussed for this profile, the alternative
model (fig 6=-5), in which the average density of the sedimentary
cover was assumed to be 2.52 x 103 kgm'3 is more likely a
better approxim:tion of the structures in the area for the
following reasons, The thickness of the sedimentary cover
at Daudu on the interpreted model of the llassarawz Eggon to
Taumbur profile (fig 6~1) is about 4.8 km which is close to
*he value 5,2 km obtained for the same location in the
‘nterpreted model of the Daudu-=Baureh profile (fig 6-5). Also.
“he thicknesg cf the sediments =t Baureh on the interpreted

aodel of the Lafia to Tsofon Tunga profile (fig 6-3) is about
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2 lkm which fairly compares with the value of 1,6 km obtained
for the same location in fig 6-5., Cn the other hand, the
thickness of the sediments at Doudu and Boureh »@ deduced
fron fig 6-4 are zbout 3.5 km and 1 km respectively which

do not compare with the values obtained -t the some locations
in figs 6-1 and 6=3 resbectively, Due to the fact that the
interpretations in figs 6-1 and 6-~3 nre based on resolving the
sedinents into the three layers, they are considered to be
more representative of what geologically obiiins clong the
rrofiles, Consecquently, the closenecs of the interpreted
devths~to-basement a2t those two locitions in figs 6-1 and

6-3 to those in fig 6=5 than those in fig 6-4 mrke the model
in_fig 6=-5 more accept-ble, Furthermore, the density of the
sediment>xy rocks should increase with depth due to the weight
of the overlying sediments, In view of the tremendous
thickness of the sedimentary covar encountered in ihe project
area, the average density of the rocks should be highex than
the value of 2,47 x 103 kgm-BotNained for the rock samrles
collected from the cutcrops during the field work,

6.3.3 : The ispkurdi to fLrufu rrofile

This profile runs from the 3boko junction in Mokurdi
and terrdinates in a village 6 km enst of /xufu on the /rufu-

Wukari road , On the residual map (fig 5-4), the profile is
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interpretation w=s carried out by considering the sedinents s
a single layer, using thie two average densities (2.47 -nd
2.5 (x103kgm_3)), as described in section 6,.3.2 above,

Figure 6=6 shows the interireted model when the .yer e

-

density of the sedimentary roeks was assumed to De 2,47:x10
kgm"s. In this model, the maximum thickness of ile sediments,
which is about <km, occurs below Makurdi =2nd the region Dbetveen
the Rivaw Katsina rla =nd “kwana. The basement is shallowest
around Agasha vwhere it is about 1.2km below the ground surface.
Block faulting of the basement appear to have been widespre-d
=long the profile resulting in the formaticn of two horsts

and possibly three grabens, The horst-like structures -:e
located below sgasha and at about 2km east of Akw-na, The tyo
fairly well defined grabens are located in the region bLetirean
the Riv-r Kassina Ala and "kwana and below srufu =nd beyond.
The former gr=ben correlates with the Ugba graben vhile the
latter one correlates with the Arufu graben vhich uere bHot!
discussed in section 5,4,2, 5imil-arly, the interpreted horst
near ~Lkwana is part of the Akwana horst which w-s alse discussed

in section 5.4, 2.
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The interpreted model just discussed above is considered
a close approyimntion of the true situation along the vrrofile.
However, the same profile is interpreted, for a comparison
purpose, using the density value of 2,47 103 kgnf3 , obtain=od
1B the average density of the sedimentary rocks collected
during the survey, ns the density of the sedimentary cover,
The resulting interpreted model is showm in fig 6«7, As
expected, the JTeatures on the models nre ecsentinlly the same
ns those in fig 6-6 cxcept that the sedimentaxy cover in the
present model is sh:llower thoan thot shovn in fig 6=6, TFor
example, the mazrirmum thickness in the present model is about
4 km wiile it is about 5 km in fig 6-6, . This observation
is again due to the fact that 2 higher density contrast
between the sediments -nd the basement is involved in the
present model than thit shown in fig $-6.

The structure below Agasha, on the present profile,
whose cross-sectional view loaks like n gnuicline may inf:zct
he a dom2l structure (intrusion), This observation iz based
on the fact that the structure betwesn Gbsjimba and Wannune
on the /rikya to Yandev profile (fig 6-2), which is
approximately perpendicular to the present profile, also
looks like an anticline with its axis occuring below Agasha.

/.5 discussed in the above poaragraph, the dapth-to-basement
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a2t fgasha in either of %“he interpreted models of the two

... perpendicular profiles (figs 6~1 and 6~7) is equal to 2 km.

Thase 1hxezpretaticns represent two t¢ross-sectional
views of the same domal structure.

6.3.4 : The Ikumbur to Ugba Profile,

d This profile is represente d by BB T4 on the
residual map (fig 5-4). The profile extends from Ikumbur
through Gboko and terminates in Abeda, 8 km eunt of Ugba on
the Ugba-Zaki Biam~Wukari Rond. Unlike the other three
cxoss profiles already discussed which are entirely located
within the sedimentary region of the pProject area, only the
first 30 km of this profile and a short portion (zbout 5 km)
of the profile near the River Kaggina Ala lie on sedimentaxry
rocks. ~‘he profile, therefore, largely lies on the basecment
just south of the Benue trough., #&nother fenture of the
profile is the existence of large negative residual anomalies
{(about - 20 to - 40 mgals) in the basememt nren enst of Yandev,

The tongue of sediments and alluvium around the River Katsinz

Ala cannct account for sucel: large pegative residuals over

such a bread region. Consequently, in the absence of any

surface features, the anomalously low 2owguer values in that
region was ascribed to lateral changes in density within the
basement relative toc which the normal granitié basement has

2 megative density contrast was considered most plausible,

L5 in the other prqfiles, the surface geology is also incorporated

in fig 6-8,
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The shape of the anomaly between Akpagher and the River
Katsina Lla suggects the existence of 2 high density materia.
within which there is an . intrusicn of sm~ller density in the
sboko-Yandev area, Owing to the fact that sediments do not
exist in the latter area, the high and low density bodies
were assumed to be igneous intrusions, Furthermore, granite
out-crops in Mkar near Gboko and as earlier mentioned in
section 5,4,1, granite was encountered at a depth of 18 m in
. GSN borehole (BH IICI) in Yandev. Ac 2 result of these
facts, the lower density intrusién in the Gboko - Yandev orec
was ascribed to a granitic body with an average density of
2.56% 10° kgm,—3 wvhich was the value obtained as the average
density of the granite samples collected in the " rea during
the field work, This density value was used because the granite
intrusion on this profile is assumed to be the some as that
discussed in section 6,2.2 for the same area of the ,Arikya-

Yandev profile (fig, 6-2). Similarly, becouse the zone ol

rositive Bouguer anomclies on this profile lies within the regicn o

positive anomalies discussed in section 6,2,2, the outer intrusion
thought to be responsible for the positive anomalies, was

assumed to be the same rock type as that discusced in section
6.2.2. Conse-uently, the density value 2,82 x 103 kgm™

assumed for it as in section 6,2.2.
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The interpreted model for this profile {(fig 6~8) shows

that the negative anomalies between 3boka and Yandev can be
accounted for by 2 hammer-shaped granite intrusion in which
the pipe representing the handle of the hammer is about 2 kmn
in diameter, The top of the intrusion is about 10 km long and
is about 200 m below the ground surfaGe., In th:it region, the
thickness of the head cf the hammer may not exceed ©.5 km. In
the same region, the depth-to-top of the intermediate intrusion
ranges from 1,0 to 1,5 km, To the east of Yandev, the high
gravity gradients {(about 3 mgals kmf3) at about 6 kms north-
east of Yandev may be due to the existence of ~ normal fault
along the boundaxy of the intermediate intrusion and the normal
granitic beosenent. The local residuzl anomalies around the
River Katsina Ala, which are negative relative to the broad
negative anomalie< in the region, have been ascribed to the
small tongue of sedimentary rocks of the Malurdi formation
and alluvium in the zrea, In the interpreted model, the
thickanas of the sediments in this region may not exceed C,5 hm.
Cn the other hand, the local negative anomalies around Ugba |
may possibly be due to further normal faulting of the brsement
in the area between the River Katsina 4Ala and Ugba, The two
inferred normal faults east of Yandev are possibly the extensic—s
of the bounding faults of the two arms of the Ugba Sraben

(fig 5~4) into the b:sement area,
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As earlier mentioned, the first 320 km of this
Profile lies over sediment-ry recks, The interpreted
model shows th-t there may be = norml fault At ~bout
10 kn east of Ikumbur, The throw of this f~ult may
be up to 2 km. ‘round Ikumbur, the thiclkness rapidly
thins cut towards Gboke, 3imilarly, the thickness of
the norm~l granitic basement in this region of the profile,
rapidly thins out towsrds Sboke from o thickness of
about 4 km nexr Ikumbur to nbout 1 to 1.5 km in the
aGboko aren.

6,4:5ummnary of Interfpret-ticns

The interpretation of the north-south profiles
show th~t the Benmue trough essentially consists of two
parallel synclinorin separated by the axially placed
Kewna -nticline, The SGiza synclinorium which contains

a minor fold, the Obi anticline
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in the Obi-fgwatashi-Agaza area occurs to the north of the
Keana anticline while the SGbajimba synclinorium occurs to the
south of the Keana in'ticline. The nodels 21so show thzat

the central part along the width of the 5iza synclinorium
might have subsided between normal faults, Furthermore, the
models indicate normal faults affecting both the sediments and
the basement, with throwe different from those associated

with the marginal fault, within the trough. These suggest at
leist two stages of normal faulting in the area. In addition,
the models also indicate the existence of a thrust fault within
the Keana anticline, 7This fault might be responsible for the
foldina of the sediments in the zsrea and the discrepancy
observed between the location of the axis of the Keana
Anticline on the geological map (fig 2-1) and the residual map

(fig 5-4)., In addition, the interpret-tions of the north-

south profiles show that the maximum thickneus of the sedimentiry

cover, about 6,5 to 7.0 km, occurs along the axis of the Giza
syncline. Also, the models show the existence of igneous
intrusions juct beyond the northern and southern boundaries of
the trough and the existence of a volcanic dyke just to the
south of the centr:1 axis of the trough,

The interpretztion of one of the cross profiles (fig 6-3)

supports the possible subsidence between norm:l faults, of the

&
.t
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central part of the.ﬁiza .ynciine and the possible existence
of a thrust fault within the Keana anticline, ¢n the other
hand, the models wiiich best £it the cbserved anomaly along
the Doudu-Baureh profile {(figs 6-4 and 6-5) indicate that

the Keana anticline plunges to the couthwest znd is truncated
by a previously unknoun norm:l f:iult at zbout 1 ki south-
west of Umenger, &lso the interpretations of the lakurdi

to Axufu profile (£figs 6-6 wnd 6-7) indicote ithe eizictence

of a basin-and-range tyze of region in ke southeast sundrant
of the project area. In addition, the interpretstion ol

the cther crosc profile (fig 6-8) indicates the ewictence of

z two-body composite dintrusion, in the Sboko-7mndev area,

in which the ocuter and inner bodies may be composed of
intermediate rocks and rocks of granitic origin respectively,
The basement to the east of Yandev might have been faulted
due to the continuation of the basin-and-range type of

region into the basement in ithe zrea as shown in fig 5-4,

6,5 « Concluding Renmarks

The interpretations, so far discussed, are tentitive
because of the inavaoilability of adeguaiely accursie geologic
naps and lack of sufficient borehole data, all of which

would have helved to minimise the ambiguities normally
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inherent in gravity interpret:tions (Nettleton, 1940,1973;
Bott and Zmithson 1977). Also, the sedimentary strate

used in the interpratztions of some of the Profilzs were
assumed to be parallel and of uniform density irrespective

of depth of Durial., 7In rezlity, these may not bHe the cace,
Similariy, the densities of the intrusicns ascumed constant

in eccl intrusion may not be so due to either later=l
inhomogenelty or increase in density with depth, Conceguently,
the interpreted modelz may not aderuately represemt the
subsurface structures in the area although 2all available
geological constraints were used. L1809, the regional gravity
r=p obtiined for this survey wag a linexxy one owing to

the reusons given in section 5«3, Tonse-uzntly, it is obvionc
that the effect of crugtal thinning noxmally associtted

with the axizl regions of zi%ts was not reflected in the
regional mop., the resultant effect of usiag the regional

mp to deduce the residus~l map is thot the residunl anom-lies
along the z2ial region of the trough might be more Positive
than they actually =re. Thug the thickness of the sedimentaxry
covar along the axial region could be grefter thon wvaant the

medels shown in figs 06-1, 0-2 and 6~3 portray,
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1t iz pertinent to mention here that in presenting
the results of the interpretotions of the observed anomalies
along enchh of the profiles, only one model is shown and
discussed for each profile. During the interpretation
stage several combinations of the thicknessess and dips of
the Jayers were tried for each profile and 2 few gave good
fits, Only the model considered to be the most acceptable out
of the models that gave good fits wae presented, for z given
profile, Also, vessicular basalt of density 2,85 103
kgm'B, vhich is much denser than the Awe/Kean: sandstones

3 kgm'3) outcrop between Umenger

Those density iz 2,44 = 10
and Sbajimba on the Arikyn-Yandev profile (fig 6-2) and
between Tokura and Awe an the Daudu-Baureh nbrofile (figs 6-4
and 6-5). In the interpretation of the observad anomalies
aleng these two profiles, this layer of busalt is meglected
because 1t was assuned to be thin for the following rexsono,
A gravity minimum occurs over exch of the arers where such
basalt outcrop. If the bus:ilt layer is consideranle ot such
locrtiens, a local positive cnomnly would ave been

observed supeximposed on the gravity minimum genexally

obszrved in the area becnuse of the large positive density

constrost (V.21 x 103 kgm"B) of such basalts relative to



162

the “we/Keanz sandstones, Gecondly an neromagnetic profile
over the "we basalts to the northeast, reported by Creatchley
and Jones (1965), reveal no significent anomaly, Thus

suggesting that the basalt layer in the area is retatively thin,



CHAFTER VII

DISCUSSION OF RESULTS

7.1 : ;ptroduction

Fven though the interpretations presented in the
preceqgding chapter are tentative, as dlscussed in section 6.5,
a review of these interpretations is discussed in this chapter
in the 1light of proposed theories on the origin and the observed
pequifarities of the Benue trough and the anomalous areas
digcfvered from this survey,

7,2 @ The Giza SGyncline and the Keana Anticline

A block diagram of the Glza syncline based on the
gorrelation of the intexpreted features on the two north
south profiles {(figs 6-1 and 6-2) over the gyncline is shdwn
I_in fig 7-1. The portion of the syncline shown in the lasf
figure is that between Obi and Kadarke, The block dlagram
shows the syncline with the sediments 'scooped out" to reveal
the basement topography and structure, The diagram indicates
that the syncline which is about 130 kms wide on the Nassarawa
Eggon to lkumbur profile (i.,e, along longitude BDBO'E), trends
northeast and becomes about 70 kms wide on the Ardikya to Yandev
profile., The block dizgram also shows th:t the syncline is

step-faulted and downthrown on each limb thus forming a gmaben,

163
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The slope angle of the sides of the inner depression is about
30° which falls within the range of angles (300—650) associated
with normal faults (Leet and Judson, 1971), while that of the

outer depression is much less than 30°. In view of this

observation, the inner depression is considered to be the
initial graben while the outer gepression might be caused by
the weight of the overlying beds &n the manner described by
Beaumont and Sweeney (1978). BSecause this graben is elongated,
about 40 km in the project are=, it can be regarded 2s a rift
valley following the cefinitions of @Gregory (1896, 1920),
wilson (1966) and Mohr (1978). It is speculated that the rift
nature of the Giza syncline exxtends throughout its length,
that is beyond its length within the project area, Fur thermore,
the diagram shows that the Giza syncline, within the portion
of the project are- represented by the diagram, plunges to
the south-west with an average 2ngle of plunge of 10.

4 block diagram of the Keana anticline, vhich exists
just to the south of the 5iza syncline, deduced from the
interpretations of the Arikya to Yandev and the Lafia to
Tsofon Tunga profiles (figs 6-2 and 6-3 respectively) is
shown in fig 7-2, The portion of the anticline shown by
the figure is that between Konje and Umenger, As was done

in the case of the Gizo syncline, the sediments on the
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anticline have been removed, in the diagram, in order to
reveal the basement topography and structure, Also, similar
to the Giza syncline, the Keanz anticline trends northeast
but unlike the Giza syncline, it dets wider to the northeast,
For example, the width of the antdeline may not exceed 2 km
at Umenger whereas it could be up to 15 kms in the area
between Kanje and Baureh, Also, the depth to the granitic
basement zlong the anticline may not be more than C,5 km in
the Kanje area while it could be about 1.C km at Umenger,
Thus, the anticline plunges tc the southwest similaxr to the
Giza syncline with about the same angle of plunge. Also,
this anticline and the 5iza syncline are both assymetrical,
The ahgles of plunge(lo—zo) reportad in this work for the
Giza syncline and the Keana anticline may be rather too low
when compared with the value 8° reported by Offodile (1976)
for structures in the Middle Senue. The reasons for the low
values Auoted in this work are as follows., For the Giza
syncline, the average angle of plunge was calculated from the
depths=-to=-basement obtained at the axis of the syncline along
the two profiles from which the block diagram was deduced.
The deepest part of the Cretaceaus sediments in the syncline

lies between the two profiles, Consequently, the deepest
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part of the syncline was not gtilised in computing the =2ngle
of plunge. On the other hand, the profile from which the
angle of plunge of the Keana anticline was calculated, lies
to the south of the central axis of the anticline.
Conse-~uently, the angle of plunge along the profile may not
represent the maximum vzalue obtainable for the anticline,

7.3 : The Origin of the Irough

As discussed in section 2.6, King (1950) conjecturally
arrived at the rift theory for the origin of the “enue
€rough, Despite the f 2ct that the trough is a2 belt of
Cretaceous sediments in which elevations do not reach 300m
and which is sandwitched between twe hijhlands of crystalline
rocks (hasement), the major cxrgument so for cdvancal against
its being a rift valley is the ~bsence of morginal faults
on the surfoce (Lees, 1952), From the interpretations of
the two north-south profiles in this work (figs 6-1 =nd 6-=2)
and the subse~uent block diagram of the 3iz- syncline (fig
7-1;:§;gnificant deductions can be made, These are the subsidence,
between paralld faults, of the axial region of the Giza
syncline and the average width of this subsided region
which is about 40 km, This value falls ydthin the r-nge of
widths, 50 # 15 km, normally associated with rift v:lleys.

Secondly, the interpreted models indicate the existence of
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intermediate igneous intrusions,which arc up to 7 kns deep,
within the basement areas just beyond the northern and
southern brsement/sediment contacts, These intrusions occur
around Nassarawa Eggon (fig 6-1) and ,rikya (fig 6-2)
within the basement in the northern section of the trough
and around Gboko (fig ¢-~2) on the basement in the southern
section of the trough, The models also indicate the
existence of a deeply rooted valcanic intrusion within the
trough, between Umenger ond 3bajimba (fig 6-2), The
ezistenze of these deoply rooted bosic intrusions implies
the existence of deeply penetrating fracturec in the area
(Clatunji, person-l communication), This view seems to

be in conformity with that of OGifodile (1970) who observed
the existence of hasic intrusions and fractures nexxr the
basement /sediments contact in the Hassarawa Egoon ares,

The above facte suggest a rift origin for at least the Middle
Benue, The argunent ccoculd be eixtended to gover the thole
trough because Tratchley and Jones (1965) inferred = fault
alony the basement/sedinents boundary between Donga and
Wukarl, which ic in the Middle Jenue but cutside the
rresent project area, =lso, Osazuwa (1978), quoting

¢hukwu-~Ike (1977), reportizad s major fault which his been
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confirmed by LLNDGAT 2 images occuring along the bazement/
sediments boundary in the Kaltungo area of the Upner Zenue,
On the basis of the above facts, the rresent author, like
Cratchley and Jones (1965) and Offodile (1976) is of the
opinion th~t the 3enue trough originated throu h xifting
even though there may mot be any obvious surface evidence(s)
for it today. The surfr-ce evidences might have been obliterated
1) by erosion &5 the maxgin of the trough advanced to its
rresent position from its initial position oand/oxr 2) by

the Cretaceous sedimenis overlying it since the rifting of
the troujh predated the deposition of the sedimenis.

7.4 : The Jdidth of ihe Troqgﬁ

Cne of the peculi-rities of the trough, discussed in
section 2,1, is its abnormal width (about 130 to 250 kn,
1s deduced from this study) when compared to the widths
(2about 35 to 65 km) normally associated with rift valleys,
“rom the interpretation of the .rikya to Yandew profile
(fig 6-2) which traverses the entire width of that part of
the trough, the trough has been shown to ccensist of two
major synclinoria separated Dy the Keana anticline, The
3iza synclinorium which contains the Obi anticline exists

to the north of the Keana anticline while the S5bajimba
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synclincorium which is made u. of the Makurdi, Sbajimba and
the Wannune synclines occure to the south of the Keana
anticline, Cn each limb of either of the two synclinoria
is 2 fault, “Zonsequently, ench synclinorium is - graben,
2s a result of the fact that e-ch graben is elongated, it
can be termed 2 rift aos earlier defined in sedtion 7.2,
Thus the section of the Benue trough in the survey aréa
can be said to consist of two parallel rifts separated by
the Keana anticline which may be regarded 2s -~ horst., Though
this suggestion may not De obvious from the Douguer -nd
residual maps of the project ~rea (figs 3-6 and 5-4 respectively),
the 3ouguer anomaly maps of Cratchley and Jones (1965) and
Ajakaiye and Burke (1972), which cover the entire Senue
trough, show that the trough consists of an arial gravity
high flanked on exch side by = Jravity minimum. Also, the
gravity minimum south of the a2xial rido2 on each of the two
north~south profiles discusced in this work (figs 6-1 and
6~-2) cannot be accounted for by the Giz- syncline or rift,

The width of ecch of the rift, zbout 70 to 130 km which
is more than the width of about 50 + 15 lkms norn-lly associated
with rift vallegs (-oclmes, 1964) could also be partly e:zPlained

by the excessive loading of the grabens due to the rapid
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deposition of sediments, Beaumont and Sweeney (1978)
demonstrated that thxough the process of regional isostatic
adjus tnent to sediments ond water loading of large grabens,
surfaoe depressions up to five times the original width

of the graben could be produced, 4s has been previously
raported, rapid depositionlof sediments dic tzke place in

the Benue trough (Stoneley, 1966). 4lso, the result of

this present work s stated in Chapter V, has shown that

the Present project area is in - state of near perfect regional
isostatic ecuilibrium, TYTherefore, the abnormal width of

the Benue trough could be due to a combined effect of the

fact that the trough consistsof two parallel rifts separated
by the Keana anticline, and the lateral depresnions that was
possibly produced as a result of the lithosphere in the region
isostatically readjusting itself to the weight of the
sediments and water above ezch of the grabens making up

the trough.

7.5 : The Central {(Axial) High Anom-lies

The coincidence of the :otial belt of mineralization
of the trough with the zone of high 3Jouguer and residual
anom2ly values have been mentioned by Cratchley ond Joneg

{1965). Even though the Douguer anomzly values over this
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zone 2re positive relative to the values over the adjacent
zones of maximum thiclknesc of the sedimentory xocks lying

on both sidds of it the 3Bouguer anomalies over the belt ore
not in themselves positive 25 those observed over the axial
zone of the Red 3ea (Drake and Girdler, - 1964;Trﬂm9ntini_and
Daviec, 1969; Saiveson, 1978). In the 3denue trough, the
basement has becn reported to outcropr along the axiy of

the trough in the UDper Benue (“Tatchley ond Jones, 1965,
Burke et al, 1970; fdeleye, 1974; Csazuwa, 1973). Therefore,
The existence of the normal granitic bosement, at shallow
depths, along the Keana anticline, as shovm in fig 7-~2,
relative to the subsided basement below the flonking zones
of thick Cretaceous sedinentary cover is considered to be
the dominant facior responsible for the relatively high
gravity anomalies observed along the belt. Otlier factore
are the localized injection of volcanics into the shallow
basement and the gener:zl thinning of the crust normally
associated with the centrzl (axxial) regions of rift zones,

7«6 : The Zone of rositive Bouguer fnomalies (3boko Arez)

Different interpretations bave been given to positive
Bouguer anomalies observed over different parts of the world,

depending on the geology of the area over which the anomalies
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were observed, For erxample, Thompson and Talw-ni (1964a)
explained the mid-continentzl rositive anomaly zone in the
United States of America in terms of the Irecambrian
volcanics and intrusive rocks that occur in the belt,

Also, Girdler et al (1969) ascribed the axial belt of
positive anomalies oL served over the East “frican rifts to
a basaltic or gabbroic zone feeding the volcances in the
belt, In this survey, the Bouguer anomalies, within which
there is a local gravity low, observed in the Gboko arex
can be explained by the block diagram (fig 7-3) deduced
from the interpreted models of the Ikumbur to Ugba profile
(fig 5-8) and the portion beitween Wannune and Y:andev on the
Lrikya to Yandev profile (ifig 6-2), From the three figures,
the »Dositive ouguer anomalies and the local low in the area
can be aseribed to o two-body composite intrusien in which
the cuter intrusion h:s a density of 2,82 = 103 k;m"3 vhile
the inner intrusion, thought to be a granitic intrusion hae
a density of 2,56 x 103 kgm"3. The former density value was
assumed for the denser intrusion as discussed in section
6.3.4 while the latter value wag that determined for the
granitic rocks which outcrop east of Sboko, <he present

model of the intrusions confirms the model proposed by
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Cratchley and Jones {1965) to explain the Gboko positive
anomalies, There are two major differences between the
1965 model and the present one, In the present model, a
higher density is assumed for the outer (intermediate)
intrusion and the inner intrusion was assumed to be of
granitic origin, because of the reasons stated in sections
5.4.3. and 6,2,2, rather than ascribing the two intrusions
to intermediate rocks of different densities as proposed by
Cratchley and Jones, Llso, 2 two-dimensional model was
used in present work instend of 2 three-dimensional one
used by the authors because the residual anomaly (fig 5-4)
seamns to suggest that the length of the anomalous body may
be much bigger than its width,.

7.7 : The Dovmwaxped oxr 3ubsided Zone

The downwarped or subsided zone is represented Ly Zone
2 on fig 5-4, From fig 6-8, the low residual values vhich
exist in the region between Yandev and Ugba can be explained
in terms of subsidence of the cxust east of Yandev, The
subsidence might have taken place along a fault plane at
about 6 km northeast of Yandev. This fault plane is also the

contact between the denser intrusion and the normal granitic
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basement, Also, figs 6-6 and 6-7 confirm the suggestion stated
in section 5.4.2 that the arca between Agasha and “rufu is
a subsided area consisting of two grabens the Ugb2 and Arufu
grabens, separated by a thin horst ~ the Akwana Horst. Each
of the grabens is elong:ted, and can thus be termed a rift
asditeussed in section 7.2, This zone could therefore be a
subsidiary rift of the Senue trough whoce direction of trend is
aprroximately perpendicular to that of the 3enue trough., In
addition, figs 5-4 and 2-1 show that the downwarpingj or rifting
of the zone extend into the b-osement south of the trough,
Tertiary volcanic activities in the zone occured along the
northwest fringes of the dovmwarped area, The above facis
recpectively sugrest tiint the subsidence (rifting) of the zone
most likely postdated the initial rifting of the Genue
trough and that the volcanics reched fthe surface 2long the
deeply pPenetrating fractures eristing within the bound:ary of
this zone and the Keana anticline, Furthermore, due to the
fact that some volcanisms are caused by rifting (3alveson, 197¢),
the presence of volcanics in the zone suggests that the
volcanism might be related to the rifting of the zone,

Also, owing to the fact that this rift zone trends southeast,
the southeast trending faults reported by Offodile (1976) in
the Lafia~Awe area might be related to the “tension which caused

the rifting of this zone,
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7.8 :+ Other Observations

From the three main synclines shovm in fij 06-2, it could
be noticed that the thickness of the Cretaceous sediments,
within the synclines progressively deceeases from the 5iza
syncline in the northern part of the trough-iovmrds the “annune
syncline in the southern part of the trough, Conversely,
the surface sediments in the synclines get older from the
3iza syncline towards the Jannune syncline, <or examrle,

Albian limestones of the .su River Complex (formation) overlie

)

the b.sement in the are~ adjacent to Yandev (Zratchley and
Jones, 1905) while the Turonian Makurdi formation form the
major rocks in the Gbajimba - Malurdi area (fig 2-1)., Zut for
loc 21 outcrops of the Lofia formation near liakurdi (Kogbe et
2l, 1978) the Maestrichtian Lafia sandstone: =are the Youngest
rocks in the arex north of Daudu (Offodile, 1976). The above
facts suggest that the area north of Daudu w-s submerged f or

a longer time than the -~rex south af Vanoune, It iz, therefore,
likely th:t the gradual upir-rping of the crust in the Sboko
are», zone 1 of fi; 5-4, probably due to the emplacement of
the two-body cemposite intrusion discussedin section 2.6,

was responsible far ithe aradunl blocking of the ~res east of

zone 1 (fig 5-4) from the tr-nsgressive -nd regressive
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activities of the inund-ting sea then existing £n the itrougn,

The gradual blocking of the zone 2 (figs 5-4 and 5-5) might

hzve probably started in Late Albinn in the Sboko aren(ne~r vhere
the oldest sedimenis exist) and later moving tow rds the

Jannune ~ “gasha area. The tot2l blocking of the zone <‘rom

the sez might have been comjpleted Dy the end of the Juronian
since Turonian sediments errdst almost throughcut zones 1 and

2 (fig 5=5).

The width of the Benuc trough was not the s rne on the two
gorth < south profiles interpreted (figs G6-1 nd 6-2), or
example, on the Arikya to Y:ndev profile vhich troverses the
entire, trough the width of the trough was found to Dbe about
170 km and the azis of the Keana anticline is the ayuproxzimate
weis of the trough, On the Hossaraua iggen to ikumbur _rofile
winich does not troverse the entire width of the trough, the
wvidth of the 5iz2 syncline, was found to Le ~bout 130 kn,

The latier widt: represents the distance betueen thie bosement/
secdimentc contact near llassarawa Eggon and ti:e ~xis of the
Igbor anticline, Tali‘ng the exis of this anticline -« the
centre of the trough, similar to the Ke-na anticline on the
txikya ¥ .ndev profile, then the approximate widt. of the trough

on this profile would be about 260 km, Thus, there arbhe-rs to
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be a significant lateral shifti in the axis of the trongh on
the two profiles, The change in the width of the trough
due to the shift in the central auis of the trough could be
as a result of a varintion in the magnitude of the ilension ¥
which cnused the rifting of the trough, thexeby making the
different parts alony the length of the trough to have
dif{erent extension rates during the period of rifting.
Finzlly, mention rust bg made of the @ct thot the Tormation
of the River Senue, aifter which the trough is named, ig -
geologically recent event. Among the evidences for this
observation is the non-cymmetrical nature of the structures
underlying it excert within the Sbhajimbo-Makurdi ares vhere
the river flows along the zwis of the 3hajimba cynclinge, Cn
the other hand, the River Katsinn 4L1a, which iz smaller than
tha River Benue apre:rs to be contralled by the structures
underlying zone 1 of fig 5-4 ns the river approximately flows
along the boundary of zones i amedl 2, o

7.9 . L Rift Model for the ovenue Trough

veight (1970) attempted giving a risft model for the
Senue trough, His model w=s a simple graben, similar to the
graben model propcsed by Vening-lieinesz and Heiskonem (1658)

in which the crust was. eithier flat or buckled prior to rifiing,
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On tae basis of tie Yesults from the present survey, it is the
author's c¢pinion that o simple graben cannot erplain thie shhpe,
width ond other peculiosrities of the 3enue trough, Clode
(1975) propesed a different rift model for the trough similax
to the asthenospheric diapir model of rifting discussed by
Yungul (1976), based on the existence of o periodic fon-and-
off" Tretaceous hotspot benerth the presant day Higer Delta,

%s earlier discussed in section 2,6,5,, the periodic upwelling
and cessation of mantle plumes in the area is assumed to hhwe
culminated into the rifting of the trough and the subsecuent
folding of the sediments it contained. Ulrndels strongest supbport
for this model is the apirarent lack of thrust faults within
the trough, -owever {rom the xesulis of The ypresent work,

a thrust fault likely exicts =long the northern limb of the
Keans anticiine. The nssymetric n.ture of both the liza

line (xift) and the Kesans anticline coupled with the

6]

O

yn

nxzistence of the -~xis ¢ the onticline on the curface peristently
located to the porth of the ndds of the anticline at depth 23
deduced from the gravity dota, is a further evidence of the
poswkinle existence of -~ thrust faulp 2lotigy the northexrn

limb of the anticline., In dddition, Buvrke et al (31970) hove

identified larqe scale thrusi “aulting in the Uper Benue,



182

Aven though Olade's model accounte:! for the existence of the
Abakaliki horst, the horst is not centr-lly located within
the width of the trough as the Keana anticline is in the
present project area., Similarly, the modest width of the
Benue trough, about 80 to 90 km, upon which the model i3
based, is much smaller than the actual width of 140 to

260 km found in the present project aren, In view of the
above it would appeax that Oladet's mollel does not satisfactorily
explain all the geological occurrences in the Benue grough,
Hlence there is 2 need tc rethink the rift model of il.e trough
in the light of new deductions from the present work, These
deductions include the possible existence of buried marginal
faults, the existence of locnlized volcanic intrusions along
the central axis of the trough, the non-positive nature of
the Douguer anomalies observed along the central ~xis of the
trough, the possibility of the trough consisting of two
parallel rifts and the possible existence of o thrust fault
along the central ridge of the trough,

& ney rift model is here being proposed for the Genue
% rough., The model is based on the evolution of rift

basins proposed by Silveson {1978)., In the new model, no
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prior buckling of the crust is assumed as in Wright (1970).
and failure involves the whole lithosphere and exrtends into
the asthenosphere, 3By the application of tension, ihe
brittle crust fractures and/or deforms by sheaging while the
upper mantle fails by elastic necking (stage a, fig 7-4}.
The result is the formation of o graben, about 5 km wide,
due to extension (stage b, fig 7-4). If the tension cantinues
to exist, the crust thins through further faulting, extension
continues and further necking of the mantle allows the
asthenosphere to xise (stage ¢, fig 7-4), Lt this stage,
the extension of the graben is now about 50 km which is
within the range 50 + 15 km normally associated with rift
valleys, Further extension 2llows the asthenosphere to
reach the base of the thinned continental crust ~nd oceanic
crust is consequently emblaced 2long the axis of the rift
{stage 4, fig 7-4). At thig stoje, the originally single
rift now becomes two mrralel rifts separcated by a central
ridge of oceanic crust, The tdtal extension of the rift
is now about 100 km,

The Red Sex rift is Presently at stage {d) described
above, whereby oceanic crust occuples the axlal belt of the

rift, " The presence of this crust accounts fox the
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axial positive Bouguer anomalies observed within the rift,

As mentioned in section 7,6, the 3Bouguer anomalies obtained
along the central axis of the Middle Benue in the precent
survey were not positive though they were of higher magnitude
than the surrounding ones, Therefore, oceanic crust may not
underlie the axial belt in the project area. I7 at 2all it

does underlie the velt, it would be dedply buried beneath

both the sediments -nd the sh2llow norm1l gronitic b-sement,
Consequantly, based on this new model, the mocst likely stage
of rift basin formation atiained by the Benue trough, bafore
the cessation of the tension responsible for the rifting of the
trough, muct be between stages (¢) =nd (d) above, That implies
that tho tension for riftin-— the trough e:risted long enough
for the troush to attain its present form (shape) which is
sirdlar to th t in stzge (d) 2bove, for the crust below the
centr il axis of the $rough to be thinned enoush to en-bdle
local injection of up:er mantle materizl into the shallow
bisement along the axis but ceased to exizt before the
asthenosthere could reach the Dotiom of the thirnned crust,
“ence, there was no crustal sep-r-ation to enable the oceanic
crust to ceterop. Therefore, the xxial ridge of the

trough within the projedt are: and poszibly within the entire
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length of the trough might be a sort of short-lived zone of
lithosphere spreading 25 proposed by Grant (1971) and not =
short-lived spreading ridge, of oceanic crust, as proposed by
Durke et al (1970) and Burke and Dewey (1974), 1In addition
to the deficiences of the Burke's model of crustal spreading,
such s lack of surface geologiczl evidence and the geologically
unacceptable raote of spreading and/or subduction, discussed
by Mwachukwu (1972) Olade (1975) and uright (1975), the gravity
results from the present survey do not suggest the existence
of oceanic crust in the Middle Benue, However, it is impostant
to add that a single rift model cannot e:plain the jeological
events that took place in the lMiddle Benue. For example, the
rifting of the trough, the cuplift of the axial region of the
trough and the subsidence of the zones flanking the axial
region might have occurred contemporaneously while the formation
of the axial thrust fanlt co'ld be a later event,

The thrust fault within the Keana anticline shown in
figs 6=-2 and 6-3 cutis through the Asu River and the Awe/Keano
layers of Albian and /lbian-Cenom:nian ages respectidvely
overlying the basement, /s =2 result, the age of the thrust
fault is likely to be post-Cenomanian, Conse-uently, either

the Santonian or the Mmastrichtian folding of the sediments
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might be contemporaneous with the thrust f2ult., The thrust
fault might, in turn, De due to the Congo craton colliding
with the West African eraton, as suggested by lwachuku

(1972) rossibly due to the elastic readjustment of the cratons
of the African plate, in the manner suggested by Weight
(1970), to the final separation of the /frican continent from
the South American continent, 1so, 25 earlier discussed

in section 7.4, the abnormal width of each of the two parallel
rifts which make up the troudh can be ascribed to the rapid
overlaading of each of the grabens vhich resulted in the formation
of surface depressions which could be much wider than the
original width of each of the rif ts.

Another point worthy of note is the tremendous thickness
of the Cretaceous sediments vithin both the Cilza and Shajimba
synclines which flank the central axis of the trough on
either side, Within the present project area, the thickness
of the sediments in the former graben w:.s interpreted to be
between 6 to 7 km witile that in the latter syncline wes
interpreted to be about 5 km, (lso, from figs 6-~1, 6-2 and
6=2, it was deduced that the D .sement and the sediments
subsided simuli:neously with the ranid deposition of the

sediments., The shallowness of the bisement alons the centrzl
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axis of the trough could also be interpreted to imply that the
basement participated in the folding of the sediments 25

is usually the case during the deformation of geosynclines
(3illings, 1960), as has been assumed by Lees (1952) and
Cratchley and Jones (1965), The possible existence of

a thrust fault within the Keanza anticline seems to support

such 2 conclusion, Bec:use the above observations choracterise
geospnclines, which are large line-xr troughé often charadterised
by subsidence due to a thick sediment: ry senuence, one might
ther£ofe be tempted to conclude that the DZenue trough,
@specially the Giza syncline (rift)’is a type of geosyncline

as proposed by Lees (1952) and Stoneley (1966) even though

the geosyncline may not be as larje 2s thyte described $m

Leet and Judson (1971) in which sediment thicknesc could be

up to 12 to 15 km, (s exrlier mentioned in section 7,4, rapid
loading of grabens are known to result in the d evelopment of
thick sedimentary se~uence over such grabens (3eaumont and
Sweeney, 1978)., In view of the above, the author is of the
opinion that the tremendcus thickness of the sediments (about

5 to 7 km) in the zones flanking the aexial ridge of the trough,

on exch side, wais most likely due to 2 combination of rapid
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deposition of sediments and the sinking of the underlying
basement, and not because the trough is a geosyncline, The
subsequent subsidence of the basement micht in turn be due

to the combined effect of the weidht of the rapidly deposited
sediments and the block faulting, caused by the prolonged
existence of the tension forming t he rift basin ag in fig,

7-4, stages (c¢) and (4d),



CHAPTER VIII

CAICIUSIONS

8,1 : Findings from the Present Work

The major findings from this work, deduced from Chapters
VI and VII, are as summarised below:

(i) The intérpret:tions of the north-south profiles and
the subsenqgent block diagram of the 3iza syncline indicate
that the syncline is rift in which the initi-l rift occurs
at about 20 kms on either side of the axis of the syncline,
Also the interpretations of the north-south profiles indicate
the existence of deeply rooted intermediite inffusions along
the present margins of the trough and volcanic intrusions
near the central axzis of the trough, The existence of these
intrusions suggest that the Senue trough originated ;g
a rift valley,

(ii) In addition, the interpretations of the north-south
profiles indicate that the Middle 3enue, and possibly the
entire trough, contains two parallel rifts separated by the
axially placed Keana anticline. This interpretaztion partly
explains why the width of the trough (about 140 to 260 km)
is two to three times that of the width of z norm:l rift

(about 35 to 65 km) and it 2lso explains the shape of the

90
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gravity anomaly (an atizl high flanked on either side by a
minimum) observed acrozc the trough.

(iii) Contemporanecus faulting and subsidence of the
hasement and sediments, in the grabens (xifts) flanking the
axial ridge of the Arougl:, with deposition of sediments
due to the wapid loading of each of the grabens, most likely
occured after the initial rifting of the tmough. This
geologic occurrence might be responsible for both the
development of thick sedimentary sequences along the grabens,
as in geosynelines, and the ercessive width of e.ch of the
grabens as a result of the loteral su;face depression generated
by the weight of the sedinents, 4Also, the brolonged existence
of the tension which cmused the rifting of the trxough, sbout
30 m.y. (3rant, 1971; wWeight, 1975b), might have resulted
in the excegcsive extension of each of the gxabens, The
combined effects of the lnteral surface depression due to the
loading of each graben making up the trough and the ezxcessive
extension of each of those rifts as = result of the prolonged
exist nce of the tension, mizht have 2lso contributed in
moking the width of the trough nuch larger thon thoit normally

asgocinted with » rift,



(iv) An are~ of crustal subsidenc:
subsidence wzs possibly accompanied witl
faulting and which may be 2 subsidi-ry :
rift, has been identified just to the s«
anticline, The gravity anomalies in the
The model proposed for the area contain
trending and plunging g'rabens (xrifts) s«
parallel horst (figs, 6-6 2nd 6~7). Thi
the grabens and horst -nd the Ugba and ¢
Lkwana Horst respectively, The southe
reported by Offodile (1976) in the Lafi.
may be reloted to the rifting of this =
(subsidence) of this -ren likely postdaxr
riftig of the trough,

(v) The proposed models in figs 6.
a thrust fault 2lcng the northern flank
The existence of this thrust foult coulc
northward shift in the location of the :
anticline on the ground surface, as shos
map (fig 2-1), relative to the actual 1
at depth, as shown on the residual =nom:

thrust fault could =2lse account for the

within the trough,.
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(vi) Tre volcanic activities in the Umenger-Sbejimba
Jingerigeri ares exist along the boundary between the Keana
anticline and the subsided arex discussed in (div) above
(fig 5-5). Therefore, the volcanics might have reached the
surface through the deeply penetrating fr-.ctu-es that exist
in this boundary zone, In addition, the volcanism in this
area might be sequel to the subsidence or riftini of the area
discussed in paragraph *{iv) above since some volcanisms are
caused by rifting (S5alveson, 1978).

(vii) The Giza syncline is a step-faulted rift which
is both assymetric and dotbly plunging within the jroject
area (fig 7-1). The deepest »:xrt of the syncline, in the
Project area, lies between Kadarko and 3iza while its shallowest
portion occurs around Cbi from where it pluncges both to the
northeast and the southwest. The depth~to-b-.sement ~long
the axis of the syncline varies between 6 to 7 km in the project
arex, The sediments are gener-lly more folded on the southern
flank of the syncline than on its northern f lank, possibly
due to the presence of a thrust fault on its southern flank,

A minor arm of the syncline occurs between Obi -nd “gaza and

it is separated from the main arm by the Cbi anticline,
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(viii) Another deduction from this study is that 2 new syncline
has been identified in the vicinity of Gbajimba (fig 6-2), The
name Gbajimb~ syncline has, therefore, been suggested for it. The
River Benue seems to flow along the ayxdis of this syncline hetween
Gbajimb~ and Makurdi (fig 6-2), The Makurdi syncline, identified
by Kogbe at al (1978), may be 2 minor arm of the new syncline,

(ix) The interpretation of the gravity data 2lso indicate
A new broad anticline possibly 2 horst, located south of Makurdi,
Because its axis passes through Igbor (fig 6-1) from where it trends
northeast, the name Igbor naticline has been suggested for it,
This anticline seems to occupy the axi2l region of that part of
the trough just as the Keana anticline occupies the axial region
of the trough in the area to the northeast of Makurdi (fig. 5-4).

(x) Similar to the Giza syncline, the Keann anticline is alsc
assymetrical, it trends to the northe~st nd plunges to the
southwest with an angle of plunge of -~bout 20 (figs 6=4 and 6-5),
The scuthenst e:rtension of the onticline has been trgncated by
previously undocumented major fault which exists 2t about 2 km
southwest of Umenger (figs 6~4 ~nd 6=5), The name Umenger foult
hs been suggested for this fault. The shallow depth-to-basement
~long the anticline coupled with the local injection of volcanics
into the basement is thought to account for the high but not

positive Bouguer anomalies observed over the anticline.
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) (x¥i) From isostatic studies carried out in this work the
entire project area is in a state of near perfect isostatic
equilibrium,

(xii) The interpreted model for the Sboko area which is
characterised by positive Boujuer anomalies is made up of
» two=body compesite igneous intrustion vhich occura at shallow
depths (about 0,5 to 1 lkm), The cuter intrusion =2ssumed to
be composed of intermediate rocks, is thought to bDe responsible
for the positive Bouguer anomalies observed in the -rea while
the the inner intrusion, thought to be of gr .nitic origin,
accounts for the local gr wity low which occurs within the
positive anomalies in the area,

(»iii) In viev of tiie fact that oceanic crust did not
out=crop in the Zenue trough coupled with the fact that local
volcanic injections exist along the centr-l ridge of the
trough, it is most probable th:t the Benue trough did not
attain the present stage of rifting in the Red Sex, before
the complete separation of the :’.f;ican and the South Americ=n
continents was achieved, fowever, during the rifting pmocess,
the crust beneath the 221 region of the trough became”thin
enougl: for upper mantle material (volcanics) to be locally
injected into the shallow granitic basement along the axis of

the trough,
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8,2 : The Benue Trough Tompared With Othexr Rifts

The characteristics of the Sgnue trough, so far discussed,
are similar tc those observed in other rift zones in different
parts of the world., For example, the width of the trough,
found in this work to De about 170 to 260 km, compares with
that of the Red Sea which is about 200 to 300 m (Drake and
Girdler, 1964). Also, the shape of the Bouguer onom:zly, =
cent¥al high with a negative (low) value on exch flank observed
over the Benue Trough by Cratchley and Jones (1965) and in
the current survey (fig. 6-2) is similar to that obsexved ovex
(o) the Red Sex (Jmnke and Girdler, 1941; Tramontini nnd Javies,
1969), (b) the East /frican rifts (Girdler et al, 196%) and
(c) the 5xn Luis Basin, Colorado (Davis, 1978). The major
difference hetween the Red Sea and the ﬁenue t rough is that
the former is an intercontinental rift (MR Lanpvsiky, 1972)'
which is capable of developing into an ocesnt basin (Burke,
1978) while the latter has heen proposed to be a failed
continentzl rift oxr zulscogen {Olade 1975). Thus the
relatively high-valued positive Bouguer anomalies, in the
case of the RedaSea, are due to the oceanic crust in which

there are zones of volcanic injection (Drake ond Girdlex,
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1964). In the case of the Banhue troucgh, the axial RZouguer
anomalies although high valued are not positive and these
are due to a combination of the existence of the granitic
basement at shallow dePths beneath the sediments and the
existence of loc-lized volcanic intrusions within the basement
(Cxatchley and Jonew, 1965; present survey})., In the precent
Preject area the high v:lued Bouguer anomalies have been
ascribed to the cccurrence of the basement at shallow depths,
The amplitude of the observed gravity anon:zly over the
Middle Senue (-20 to -50 mgnls) compare with those observed
in different rift zones of the world, For e:ample, Thompson
and Talwani (19642) observed an amplitude of ~50 mgals overxr
the Sacramento Valley in California; Juereshi et al (1968)
alse ohserved the same value (-50 mg=2ls) over the Godavari
rift in Indiz and 3irdler et al (1968) observed the same
range of values (=20 to -50 mgals) over the East African
rifts, Other characteristics of the gravity anomalies
observed in the Middle Penue in this study include
closed minima within the trough similar to those discusced
by Gutton (1960) for fift~like structures und obselved by
Garland et al (1961) over the Jouthern Rocky lMountain Trench,

Eritish Colunbia, Canada; and weak marginal positive anomalies,
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{about + 10 mgals)similar to those discussed by Quereshi et al(1963
From the results of this study, the Benue trough has

been proposed to consist of two parallel r3fts separated

by the axially placed Kemna anticline., Other rifts in different
paris of the world which are known to contain more than 2 single
graben or rift include the East Lfrican xifts which were
resolved into the Western and Eastern rifts by Sirdler et al
(1969), the Lake Balkal rift (Florensov, 1969) and the San

Luds 3osin, Colorado (Davis, 1978) exch of which has two

grabens separated by a parmllel horst. The resulss of the
present survey also indicate that the Senue trough is a rift
buried unddr Cretaceous sediments. A precambrian rift discovererd
in Western Cansda (Kanasewich et al, 1969} had ne surface
indications because the rift wac buried 2.5 km beneath the
younger sediments. GSimilarly, a recently discovered Zarly
Mesozolc graben in the Southeastern United Gtates { john et

al, 1978) is buried under younger sediments, These threz

rifts share the common characteristic of beiny buried underxr
younger sediments and, hence, have no surface expressions,

typically associa¥ed with rift structures,
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8.3 : The Benue Trough as Part of the World Rift System

According to Milanovsky (1972), all rift belts in the
ocean floox and the mojority of those in the continents
Join to form the World Rift System, defined by :leezen (1969)
to include the world-girdling Mid-oceanic Ridge as well as
rift valleys which cut de=ply into the continents, dominating
the ogeans and affecting half of the earth's surface., The
B3enue trough is a continental rift whose origin has been
linked with the separation of the Africon continent from the
South American continent {right, 1968, 1970), Reviewing the
gravity surveys of Sordon~Gmith (1939), Hospers (1964) and
Cratchley and Jones (1965) c:rried out in different portions
of the Benue Valley, /[jakaiye and Surke (1972) showed that
the gravity low of the valley existed throughout its entire
length - thzat is from the Lake Chad to the Zoast. This
characteristic gravity anomaly had earlier een shown to
continue into the continentzl shelf area of Nigeria (Hdospers,
1964), Thus, the rift trend can reasonably be assumed to
continue into the continental shelf, .lso, the ewistence of
transform faults have bezn reported in the Sulf of Suinea

{3rant, 1971), According to Drake and Girdler (1964) ond
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Heezen (1969), the world Rift System usually extends into
the continents in form of grabens (rifts) or strike-slip
faults through transform faults, Therefore, the transform
faults in the Gulf of Guinea provide the link between

the Benue trough and the Mid-Atalantic Ridge, which makes
the trough part of the World Rift System,

2.4 . Suggestions for Future vork

There is no doubt that the project axea is Presently
much more =c¢cessible than it whs during the survey of Cratchley
and Jones (1965). &s 2 result, the project zrea could be
covered with » more detzil gravity stations in the present
survey, than was possible in 1865, Despite the genexral
improvement in the aeccessibility of the project area, certain
portions of it could still not be reached owing to lack of
roads. Zonse-uently, 2 uniform data coverage of the entire
preject area wzs impossible, ‘hus one could not accurately
predict the trends of the gr-vity field in some vital areas.
One such arxea is the Daudu-Umenger-Gbajimbaw-Malurdi ~uadrangle
which is supposed to contmin both the Makurdi (Xeana?) anticline
and the Makurdi syncline (Xogbe et al, 1978) and zlso the
link between the Keana anticline and the Makurdi and/cr Ighor

anticline (fig 5.4)., either the Makurdi anticline nor the



Makurdi syncline features prominently on the residual anomaly
map (fig 5.4) in the quadrangle, possibly due to insufficient
data, Therefore, a detailed gravity survey of the area is
recommendad whenever its accessibility improves in order to
verify the existence of these anticlires and syneclines and
also to determine the relationship betiween the folds (the
anticlines and synclines) and the Keana anticline, In
addition, such a survey could | . throw more light on
the nature and exient of the propégg§:£§gft which cuts across
the southerst extension of the Keanz anticline zround Umengex
(fig 6-4). Alsc, such a survey could throw more light on
the extent and origin of the volcanics in the quadrangle
in relation to thegpo#n structure of the are:s, |

The interpretations of the north-south vrofiles (figs
6~1 and 6=-2} and the subse-uent block diagram of the Giza
syncline (fig 7-1), indicate (a) that the original rift of
the 5iza syncline is of normal width (about 40 lm) nnd lies
in the central portion parallel to the =axiszs of the syncline and
(b) that the trough may consist of two parallel rifts separated
by a parallel horst. An ordinry reflection seismic survey
of the area along two or three north-sosth profiles running

from basement to basement across the trough could be carried
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out B0 verify the intexpretations, A similar survey could
also be carried out on ithree to four longitudin-l profiles
to verify interpretations in that direction.

Though the emphasis of the present work wos determining
the gross structures within the sedimentzry se-mence of the
project area in relation to the origin of the trough, a
detailed modelling of ithe crugt, wsing gravity data, could
have thrown more light on whether or not the trough is a
rift, 7This is due to the fact that such modelling would
show which areas of ihe crust are thinned or have anomalous
desities which in turn could confirm or disprove the rift
model proposed here for the trough. For this ty e of modezling
profiles which edceed the margins of the trough over fairl
long distances are needed in order to determine the regionzl
gravity over a very bro:d regicn ac has been carried ocut by
Sirdler et a2l (1969) and Fairhead (1976) for the study of
the lithosphere benepth the Eust africazn Rifts. Owing to
the fact thut the rofiles in e present survey worely
exceed the margins of ﬁhe_trough, 28 e.rlier mentioned in
sections 5.1.2 zxnd 5,2,2,, the lithosphere benenth the Middle
“enue could not be studied, “onsequzntly, such o study,

az a fellow-up to the vresent survey, is recommended for
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the Behue ﬁrough using either the refraction seismic method
or the gravity method or both, Again, two or three north-
south seismic refraction (and/or gravity) profiles, each
starting from the basement noxth of the trough and ending
on the basement south of the trough would be adequate,

The seismic reflectiop method h:.s also been successfully._
.used for deep crustal studies in other parts of the world
(Kanasewich et al, 1969; Mueller et al, 1969). If the cost
difference will not be much, thds method could be used on
the above profiles rather than the refraction methed to
achieve the same aims.

In the Dresent survey and that of Cratchley and Jones
{1965), the positive anomalies in the Gboko arew hive been
interpreted to be due to a two-body composite intrusion,

As enrlier menticned in section 7.6, the densities of the
intrusions assumed in the two interpretations dirfer, A
definite way of knowing what typres of intrusions the bodies
are is by drilling. Though the interpreted derth-to-top of
the intrusions wac about C,7 km in the J3boko arex, drilling
to such a depth could be expensive, Hewever, if funds are
available, such z drilling could be cnrried out in the area

in order t¢ ascertain what these intrusions =are.



204

no
As of now,hresulta of any systematic geochemical/

petrological study of the volcanics along the central atis
of the trough have been.published. For example, such a
survey carried out in the Kenya rift showed that the rift

is characterised by alkaline volcanism more than 50% of
whic¢h are of basaltic origin {(Williams, 1972). Such a
systematic study is therefore, recommended not only for the
Middle Benue but for the entire Benue trough because the
results could show whether or not the velcanics found in the
trough are the types whichd®mracterise rifts, oceanic ridges
or regions of plate accretion in other parts of the world,

' This could throw more light on the problem of the origin of
the Benue trough, ;

A major characteristic of rift zonoes is high seismicity
(Milanovsky, 1972) which are usually of shallow epicentres
(Kumarapelli, 1966; Heezen, 1969). Though no earthquake has
been recorded in the enue trough in recent history, it is
possible that some microseisms may occur in the area, if
crustal adjustment is still going on, A microseismic survéy
of the Gulf of Aden and the Red 3ea by Fairhead and Girdlex
(1972) revealed that the epicentres were related to the

spreadim zones and area2s of recent faulting, The direction
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of tension responsible for rifting in Bast Africa was also

deduced by the same authoxs from the same survey, Therefore,

such a suxvey could be carried out in the project area with

identical intenSions. The results of the survey would

reveal whether or not the [Eoject area is still presently

active. Alternatively, the activity of the area could be

monitorxed through fregquent geodetic leuelling. A vertical

movement of the crust in the Rio Grande Rift, New Mexico

was recently detected through such a survey (Reilinger et al, 1977
In addition, a systematic sampling of the rocks in the

area, for density determinations purpose, should be carxied

out, As discussed in section 4.2, the geology of the Middle

Benue is largely hidden under alluvium cover, thus, not

many rock samples could be collected for density determinations

interpreted

in the present survey. 3ince the data are dependent on

density values assumed for the rocks, the importance of such

an exercise cannot be overestimated, The measured density

values should also be carrelated with borehole logs, where

available.
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Comparison of Heights computed from Altimeter Reedings

with Renchmark values ot some stotions,

(a) () (b=2)
STATION | CALCULATED | KHQWD!* DIFFIRENCE (m)
NUMBER HEIGHT (m) | sBIGHT(m) |  _____
1200 154, 35 154,35 ©.Co
1201 161.79. 161,67 0.13
1202 151,00 149,90 ~1.19
1203 137.62 137.01 -0. 61
1204, 137.40 137.37 ~0,03
1205 112,93 114.09 1.16
1206 108.94 109. 24 ©. 30
9005 119,15 119.15 0.00
9028 108, 02 108.C C,00
1161 108.66 108. 11 -G, 55
9004 175.05 175,05 ©.00
1153 159.04 159. 26 0,22
1154 157.70 158,31 .61
1155 139,17 140, 09 0,02
1156 128.84 129,30 G.46
1157 139.08 130, 54 0.46
1158 136,46 137,37 0.91
1159 115.98 116,86 C.88

#* known heights frowm benchm-oxrks
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TABLE 3 (AFFEIDDY)
FRINCIFAL FARAMETZR5> OF THE BASE
BIAT IGIS

- et - —

- e -

1 e OBSERVED |F REE-A IR BOUSUER |
STATION| LONG-| LAT- |HEIGHT (m)} GRAVITY [JANOMALY | ANOMALY
G, ITUDEY ITUDE { I5SI)
(mgols) 1(mgals) { (mgals)
9000 8,390 § 8,39 190.46 |978041.803)~25,74 -45,39
9001 8.81 18,20 164.05 075,374 1-17,21 -34,14
9002 8.85 8,33 201,32 C69. 406 |~13,61 -34%. 39
9003 6.00 |8.29 196,27 084,786 |+ 1,30 ~18,87
9004 9.C8 }8,23 189.50 099,680 |+24, 23 + 1,64
9005 9.13 18,11 129.05 108,523 1+10.65 - 2,66
9006 90.12 18,37 162.17 090,893}~ 4,27 -21,00
9007 0.25 18,37 137,90 103,052 0,98 -13,25
0008 0,16 |8.42 146,09 087.649 {~13,45 -28,.52
9009 0,12 {8,306 204,65 079,491 8- 4 21 -25,33
0010 9.11 |8.44 118.19 089, 898 -10,75 -31,95
2011 0.24 18,43 145, 26 092,017 |~ 9,45 24,40
, 9012 9.31 }|8,37 120, 30 108. 625+ 1,49 -10.93
9013 9,21 18,26 143,53 105.3921+11.03 - 5,01
9014 0.33 |8.38 1386. 86 104,566+ 2.43 -11,90
0015 8.33 ]18.42 129,35 105, 687}=- 0, .0 -13,45
9016 9.22 [8.35 131.43 104,616 - 1,06 -12,50
9017 9,05 18,19 165,24 104,450+ 4,632 ~12.73
9018 9.21 18,13 200,89 096,012]+18, 56 - 2,07
8019 ©.18 }8.09 144,64 103,718})+10.75 - 4,18
9020 9.25 |8.11 165.70 101,084)+13, 50 - 3,851
9021 9,32 18,01 98.79 068,646+ 8,40 - 1,80




210

BSERVED -%REE-A;R BOUSUER

STATION| LONG= | LAT® | HEIGHT| GRAVITY ANOMALY | AITOMALY
NO | ITUDE| ITUDE (m) | (IGGN) [(mo=1s) | (mgals)

(mgals)

| 9022 9,05 8,09 | 198,68p78089,606 L +12.,08 | - 8,42
' 9023 8.97| 8;06 | 165,07] 089.248{+ 1,49 | «15,03
9024 8.80) 8,15 | 140,21} o088,.834{~ 6,91 | -21,38
9025 8.771 7.99 | 157.15] o©09C.160}+ 3,28 | -12,94
9026 9,00 8.39 { 195,770 ©71.206{-14.82 | ~35,02
9027 8.88| 8,33 209.64) 068.646)-12.08 | -33,71
0028 9.14} 8.13 } 117.00}f 113.954{+12.C5 | - C.02
9029 9.13| 8,08 | 214,16] ©87.701|+14.64 | - 7.46
9031 8.41} 8,91 | 477,06 080,661+ 9,71 -39,52
9032 8.52| 8.49 | 212.55| 086.405|+ 2.30 | -19.63

| 9033 8,82] 8,58} 16Cc.32] ©85,256]-16.06 | =32,61
| 9034 8.59| 8,47 | 208,81 077.752]- 6.84 | -28,.39
! 9036 8,571 8.231{ 196,.76) 055,230} =-21.25 -4/, 58
| 9036 8.60] 7.91 } 121.56] 075.803}-16.5¢ | 30,12
+ 9037 | 8.86| 7.82}101.25) o090.850)- 7.74 | -18.19
i 9038 8,54| 7.73} ©9.,40| o088,225}-11,60 | =20.83
' 9039 0,05} 7.36 | 243.84] 078.557|+31.26 | + 6.09
+ 9040 | 8.89) 7.56 | 209.64| 085,864|#24,24 |+ 2.61
. 9041 9.14| 7.31 | 130.31] 093.326|+14.80 |+ 1.44
. 9042 8.78 7.30| 177.65{ ©88,516{+23.8% | + 5,51
| 0043 8.75{ 7.75| 99.04] 94.636]- 3.02 | -13,24
| 9044 8.61) 7.41 1 223.87} 078.300}+26.13 | + 2,00
i 9045 9.05] 8.00] 211.75 0BC. 2591+ 6,51 -15,34
: 9046, | 8.86}) 7.80} 70,98} ©98,781}~- 7.99 | -15.31

]




OBSERVED | FREE-AIR| BOUGUER
i b b i o s ol e
9047 8.87 |7.71]162,40[978098.045 .20, 81 + 4,05
9048 8.87 |7.71]189.57}091.137 +20,21 + 0,64
9049 8.97 |7.73| 79.33|104.238 + 1,52 - 6,67
9050 9.15 |7.44|193.27{080.620 +17,07 - 2,88
9051 9,21 |7.46] 95,77|096.047 + 4.25 - 5,63
‘9052 9,34 |7.,501|191,38}075.531 +10,09 - 9,066
9053 9,31 |7.71|227.07|076.313 +16,04 - T30
9054 9,24 |7.83|164,34|085.135 + 4:12 -12.84
9055 9,13 [7.78|174.44|078.853 + 1,98 -16.03
9056 9.30 |7.84|168.70]085.001 + 5,00 -12,40
0057, |9.28 |7.93(106.44]100.069 + 0.05 -10.93
9058 8.81 |8.60]164.64|095.343 - 7.72 -24,71
9059 8.67 |8.83|204,69|082,851 -12, 54 -33,67

iy
-, e
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'HIZ FROSRA CORKISTS FOR SRAVIMETER DRIFT

‘D MAKES ©THZ USUAL ZORREZTIONS FOR GRAVITY DAfY
WHERT: .

O = HO OF TR/VENSTT NI SUNVRY

N = NO OF ST/ TICNC IN A TR/ VIISE

IS(M) = STATION MO CF THI MEH STATION IN # T 71137
T(M) = OBSERVLTION TII73 /T ™ wooomow
GC(M) = 3R/VIMITIY RZ DIIG w oo

i " " i it

i

FHI(M) = LZTITUDZ OF TH
BLEV(M) = HIIZT ©w " " 0 noon n

A3G(M) = A35, FRVITY " " n TR "

i

TLCOR(M) = BLEV, CORRIN! " " wooon 0"

TGRAV(M) = THBO, 3RV " i moon "
"}:(}}2(]\4) = 3007 OF " " n 1" 1" H]
FA(1M) = FREEB-AIR AIIOK M u ” n n L

G(K) = BOUIER O m " " oo "

DAY(J) = D.LY RE/DINGS OIl JTE TRAVERIE TAKEN

TH{J) = MOIITH RZEDIIBS Oif JTH ¢ i
m(J) = vIicR 14] ” " n n
1n(J) = i1 C& 37+ TIOIIS * H =B "
JQR{J) = CH'IV. 1! SR"VIMET=R RE-DIISC LiTJEEN
SASR OT ' TICHNS &1 CN TR2UERSE TAKEN

(FRCM B'CE LCCF MG, IM SRAVIMETIR UMITS).
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c ABGA(J) = ABSOLUTZ GR/AVITY T B’SE. 3T/.TIONS A CN TR V2RSS
INTEGER DAY, YR
DIMISICN M (90),DR(90), IZ(50),T(50),30(50),BG(50),A35(50),
1 DG1(50),DT(50),32AD(50),DT2(50),D3C(50),30U53(50), 1L27(50),
2 DY (90),FHI(50),AR3.(90), SLCOR(50) , ALFHA (50) , TEMI (SO)T3R, 7(57)
3 3CCOR(50),DII(50),MTH(90),¥R(90),FA(50),3(50,50), F3I(50)
coll = 0,09406

CON2 = 978.03185

]

01 0.0052789

c2 0.000C 23462
c3

c4

i

0.0127%

i

0.08829

)
)
'S
]

SRZVIMETIR ZONST'NT (CSTFECIFY FOR GRAVIMETZER USED)

)
n
]

978030 561

IHC = 2.67

P ]
o
]

REFERENZZE ELZV' .TICH (2,5, CE’. LBVEL)

o = (SF3CIFY FOR SURVEY)
L
e P2RT FOR CORRECTINSG TH:I SR/7IMITER DRIFT

o nc 10,J =1, 10



40

30

15

20

RIAD(4,*) N(J), D'Y(J), MCH(J), YR(J), DR(J), " BGA{J)
IF (DR(J) =N.0.0) GO TC 15

DO 40 M=1, NN{J)

READ (4, #)I5(M),T(M),30(M),FHX(M),ELEV(M)

~ONT INUE

DG(J) = GO(H(J)) =-50(1)

DG1(J) = DG(J) - DR(J)

DT(J) = T(N(J)) = T(1)

GRAD(J) = DG1(J)/MDT(J)

WRITZ(6,3) I3 (1), IS(I1{J)),D Y(J), MIH(J), YR(J)
DO 30 I = 1, I(J)

DT1(I) = T(I) =-T(1)

EC(I) = 50(I) = DT2(I) #3RAD(J)

A3G(I) = C4 = (DGC(I)=DGC(1)) +ABRGA(J) +C5

CCINTIIMUE

G0 TC 11

F2RT FOR CTCORNECTING GRAVIMITIR DRIFT IF LOCFING WAS ABA TYT
DO 20 L = 1, N(J)

RELD (4, *) Iz (L), T(L),30(L),PHI(L), ELZV(L)
CONTTIUE

DT(J) = T((J)) -~ T(1)



»

\ﬁ

(3

0

50

11

D3(J) = 0(1(J)) - 50 (1)
SRAD(J) = DG(J)/DT(J)
RITE(6,3) I5 (1), IS(N(J)), DAY(J), MTH(J), YR(J)

DO 830 NI = 1, N(J)

DT2(I1I) = T(NI) ~T(1)

DGC(NI) = GO(HI) = DT2(I1I) * SRAD(J)

ADS(3I) = C4 * (DGC(NI) = D¥3(1)) +43GA(J) +75
CONTINUE

I*"RT CR MZKIMG THE FREE~AIR L/TITUDZE “IID BOUSUER

CORRECTIOMS

DO 60 17 = 1,N(J)

DH(K) = ZLEV(K) = H
FHI(K) = FHI(K) * 0.01745
SLEOR(K) = COM * DH(X)

TA = SIN(FHI(K))

CC=Cl % TA * TA

ALFHA(K) = TA * TA # TA #

3

1l

€D = C2 * ALFHA (K)

n

2D = 02 * (1.+CC4+CD)

TSREV (K) = 1000, # TD
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BCOR(X) = C3 * RHO * DH (K)
TA(K) = ABG(K) + ELOOR(K) - TGRAV(K)
B{J,K) = FA(K) = BCOR(X)
3(K) = 3(J,K)
PHI(X) = THI(K)/ .01745
vRITS (6,5)I5(K), T{K), 3C{K), BLEV(K), FHI(K), TSRAV(K),
1 BLCOR(K), BZOR(K),F~(K),BCUG(K), "B3(K)
60 CONTINUZ
10 ~ZONTIMNUZ
3 FORIM'T(1,2X, * D/T. BETEII S TICH #, I4,f11D STATION
1, I4,% WIRZ COLLACTIED Ol #, 3I4/Z7,*GTA NO#*, Z7,
2 # TIM3E*, 31, *NV RDG#*, 47, #ZLEy*, 57, #LLT#, 52,
3 # LAT COR#, 4, *F.,,COR%*, 47/, #30USCOR#, 47,
4 % F,l., AlIO*, 4, *0OUC ANO#, 63, #ABSGRV*)
5 FORMAT (3%, 14, ZX, F5.2, 2X, F7.2, 2%, F7.2, 572, F7.3,

N

e
, O, 2

13z, r10.3, 37, F7.2, 47, F7.2, 4, F7.2, 4

»
251, F12,3)

8 FORM'T(2:, T4, 2., 5r9.2)
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