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ABSTRACT

A detailed gravity and magnetic survey carried out
on the N Gall basalt area of Jos Pl ateau region, was
aimed at studying which analytical technigue is practically
suitable to the exploration of sub-basalt deposits, with
a view to estimating the basalt thickness and renoving
its masking effect fromthe acguired data in problem
areas such as the sub-basalt cassiterite fields.

It was thought that this approach will further
reveal a know edge of the relative variation of the
bedrock surfaces, tne v/eathered/v/eak zones of the
bedrock, and the ancient river channel along which
tin-bearing sands are believed to be deposited and | ater
covered by sedinments overlain by thick hard basalt flow.

Results show that the area of investigation includes
a possi bl e downstream extension of the ancient N gel
river flowing to the NE-SWdirection into a basenment | ow
surface, resulting into a thick pile of sedinents, |ater
covered by basalt flow and conpacted. Dopth estinates
fromthe potential field sources are conparable with
t hose done on an available control borehole section and
are in aggreenent with the borehole results. The basaltic
| ayer thicknesses obtained fromgravity data ranges from

10 to 29 m,, and fromnagnetics a range of 11 to 40 m



Statistical correlation of both results is fair (0.44

to 0.99). The basalt overburden depth from gravity ranges
from9 - 36 m with an average of 16 m while estimate
from magnetics ranges from14 - 21 m wth average of

17 m B ::'-1t overburden, depths was then fairly
obtained fromtotal field nmagnetic data and conpared
with those fromgravity. The gravinmetric depths to
basenent ranges from60 - 80 m with an average of 65 m
and a range of 47 - 69 m, was obtained from magnetic
data. An estimate done on gravity gradients in the

area yielded a depth range (to source) of 32.4 - 44,5 m
with an average of 38.0 m which is indicative of the
approxi mate depth to the base of basaltic |ayer and

is in aggreenent with the: borehole results.

Fromthese results, it was then possible to renove
the basaltic masking effect from gravity data observed
on the basalt, by a stripping technigue and this enabl ed
a fair estimation of approxinmate depths to sub-basalt
bedrock -and' interpretation of the sub-basalt basin outline.

From the stripped gravity data then, bedrock depths
ranges from (49 - 65) m, in the north - western part of
the study area; (52 - 100) m wth bedrock dipping
towards south-west in the mddle part, and a range of
(45 - 70) m in the south-eastern part of the study
area. The sub-basalt sedinentary thickness ranges from
10 - 30 m in the north-western part, 30 - 80 m in the

m ddl e part, with average of 70 m and 3 - 30 m wth



average of 20 m in the South-eastern part of the study-
area. This residual gravity data stripped to the base
(38.0 m depth) of the basalt |ayer further conpares
well with the 3rd spacing (45.7 m) downward conti nued
Bouguer gravity data.

These results, coupled with the results of the
interpretation of the original Bouguer, residual and
stripped gravity maps; second ..vertical derivative and
anal ytical downward continuation maps of both gravity
and vertical conponent magnetic data of the area
further reveals the possibility of the ancient river
channel originally followng a probable contact or
weak/fracture zone oriented in a NE-SWinto a basenent
| ow surface downstream This area may then be
favourable for the preservation of the early mneralised

wash sands.
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CHAPTRR ONE

1.1 © TWNTRCDUCTION

1.7.7 Location and gensral geologyv of the study area:

L)
The area of study lies between latitudes 9° L7

L

3 and g° uﬂn and longitudes a° hSl 2" and 8° u6‘ u1"
and covsrs an area of abrut 1 kmg, (fig, 1.1.1 (a)).

It is often referred to as the N'Gell Basalt area of the
Jog Plateau region,

The geology of the Flateau region has been well
documented (Fzalconer and Veaburn, 1923; Falconer et al,
19263 Mackay et al, 19h9: Jacobson et al, 1958;

Macleod et al, 1971: Buchanan et al, 1977; Jacobson and
MacLeod, 1977).

The area lies within the basement Complex Rocks
which corpose of migmatities gneisses, granites and
granite~gneisses of the Pre-Cambrian to Lower Paleozoic
age, These rocks are intruded by 2 more rassistant
Younger Granite ring complexes which consists mainly
of syenites, rhyolites, quartz and guartz-fayalite-
prophyry, granites and hornblende-biotite and biotite-
fayalite granites, biotite—granites, riebeckite~biotite
and riebeckite-aegirine and arfedsonite granites.

These intrusiens forr contract dip angles of not
less than 60° with the host rocks, Their eroded remngnt
form major hills (or watershed) in the area.

Almost all the Nigeria's cessiterite 1s derived
from alluvial concentrations, shed from roof and

contract zones of the biottite granites. A large area
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3
of the rich alluvial deposit are located along stream
channels, covered by late series of hasalt flows,

The basaltic series are mainly the (clder)
basaltic clays of Tertiary age which are often mixed
with sediments of granitic origin and often referred
to as “"fluvio-volcanics?, and a late Cuaternary
(Newer) hard basalts and lateritized basalt elays. The
1atelseries of basaltic eruption is known to have
characterised the :zeclogy of much of the eastern border
of Nigeria with upliftment along the Cameroun volcanie

line about 1,100 km long (fig. 1.1.1(b)).

1.1.2 Geological Setting and Subsurface

reology of the study area:

The geological setting of the study area is
summarised in Cox, 197C; and the schematic deseription
shown in fig., 1.7.2(a), in which the former valley
floor was covered by shallow richly mineralised gravel
. beds eroded from adjacent hills, The granitic bedrogk
surface was cut by the ancient stream forming U-shaped
valleys. Lake conditions probably existed following |
a block of the drainage dowvnstream resulting in a
diversion and meanderinsg of the stream., Finally, the
valley was partially flooded by basalt lava and the
m§dern stream now flows along the edge of the basale,

" A careful study of the available borehole data aleng
'sevéral profiles covering parts of the area, fig., 1.,1.2(b},
gave an indication of the subsurface“geological structuré.'

This consists of older granites bedrock, subsbasalft



71 Lava flows

s Volcanic Cones

Fig. 1:1:1(b) The north-westerly irend of the Quanternary
Jos Alkali brsalt voleanoes, The trend of
Lineaments in tiie clkali basalt on the N'Gell
is parallel to i (based on 1:100,000

ciiiz trend,

sheets of the Ceclogiczl Survey of Nigeria,
3 A 2.1 . 407

after Ajaksaiye, 1976).
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sedimentary deposits, the hard (newer) and decomposed basalts.

follows:

1.2

The geological sesuence from the borehole data is as

i.

ii.

iii,

iv.

Pre—Cambrﬁan to Lower-Paleozoic rocks of the
Basement {older granites) which form the bedrock
and which are weathered in nlaces..

Paleocoene to Mid-Tliocene sediments consisting
of sands 2nd sandy alluvium derived fror the
granitic terrain,

Fid-Pliocene to Upper-Fleistocene sedinents
which are mainly the shallow valley sandy
alluvium and carboraceous clsvs {(Bond, 1956),
Decomposgsed Older and hard NMewer basalts.

The older basalts are onrobably of Mid-Tertiary

. while the Newer basalts'are most likely of

‘Late~Pleistocene to Cuaternary age (Turner,

19715 Burke and Durotoye, 1970).

The following were deduced from the borehole data:

i.

ii.

density and magnetic properties of the
different formationsg

the rrlative variation in thickness of the
different stratification and the overburden

depth to the top of basalt layer "and basement.

Previous geophysical work:

The earliest geophysical work carried out on the

Flateau zrea were for exploration purposes and is said

to cover an area of not more than 500 km2 (Ajakaive,

1976). Electrical resistivity and mragnetic methods

P were used to locate the channels of o0ld rivers buried
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by volcanic/alluvial materials thus enabling a reduction
~in the amount and cost of exploration drilling in the
search for tin (Du Preez, 1348: Shaw, 1951).
An aeromagnetic map (Sheet 168, Naraguta, S.E.)
covering a linitad -art of the Younger Granite province
~ has also baen published {Canadian Aero-Service Limited,
1963), 4s a follow-up of this a comprehensive geophysical

- study of the sub-basalt tin deposit, (350 —

area) was
carried out in 1964 to 196% under the auspiceg of the
United Nations Mineral Project and the British Overseas
Geological Surveys (Ajakaiye, 1976). Gravity, Seismic,
resistivity and magnetic technigues were used in the study
‘Mason-Smith, 1965). The results show ‘that Gravity and
Seismié methods were ecqually useful in the areas of
decomposed basalt but are complementary in hard basalt

areas., Detail gravity work on a 122 m2

grid was recommended
in the area {Mason-Smith, 1965).
| Gravity, seismic reflaction and refraction {using both
shallow shot holes and hamuer) test surveys were carried
out with the main purrose of finding the relative usefule
ness of these methods in mapping the bedrock topography
under the hard basalt (4jakaiye, et al, 1975).

| Extensive regional gravity surveys has been carried
out on the Jos Plateau (kzson-Smith, 1965; Ajakaiye, 1976).
Thefarea is known to be characterised by negative Bouguer/
gravity and a broad regional anomalies with wavelength of

about 100 km and a north-westerly strike ranging from about

.30 mGal to about-65 mGal which tend to be more negative




tow~rds the centre of the Province (Ajakaiye, 1976),

A Bouguer gravity mhp of some parts of Nigeria (Ajzkaiye,
19703 Burke and Ajakaiye, 1974)shows that a gravity low

of about - 80 to - 85 mGal passes through the area, of the

present study.

1.3 Some geolegical problems of sub-basalt

exploration:

Problems associated with the use of some
geophysical methods in sub-basalt exploration have been
identified from the results of past test geophysical
methods in the area,

Application of the electrical resistivity method
indicate that moderate electric current is incapable of
penetrating the hard basalt. Depth-sounding did give
fairly reliable depth to top of basalt in hard basalt areas
(Mason-Smith, 1965). Very high electrical current will be
required to penetrate any thick basaltic sheet in the area
assuming the following five geophysical layers, that is,

vpper layer of basalt clay, decomposed basalt, hard basalt,
sub--basalt scdiments, and granitic bedrock, with average

(wet) resistivity values of 0.90, 10.0, 3000,0, 0.90 and
3000,0 kilohm m, respectively. (Mason-Smith, 1965; Telford,
et al, 1980). Thus resistivity measurements may not give
reliable information of the sub-surface structure below the

hard basalt layer.
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If a high velocity layer cverly a lower velocity
zone, e¢fforts to obtain informations from the underlying
low velocity zone using seismic method is less feasible,
The seismic velocity of hard basalts (5.43 ~ 6.40 km/s)
and unweathered granite (5.03 ~ 6,10 lm/s) with average
velccities of 6.40 and 5.64 km/s respectively (Dobrin,
1976), are approximately the scme at various location
in the area (Mason-Smith 1965). 1In so@e areas such as the
Kassa basalt in Kuru, where the base of the basalt is in
direct contact with the bedrock or separated from it by a
thin alluvium layer, seismic refracticns or reflections

from the hard basalt base are obtainable, Where subwbasalt
alluvium is thick, even with shot points at the edges

of the basalt, multiple reflections may result. Seismic
refraction may succeed in picking up the depth to

hard basalt.

& study of the geological map and the aeromagnetic
survey data over the area reveals a good coxrrelation
between the magnetic anomalies and the Newer basalt flows
(Ajakaiye, 1976). This correlation may reflect 2o varving
thickness of the basalt flows (assuming uniform susceptibility)
or the degree of weathering of the basalts (Ajakaiye, 1976)
Basalt thickness from borchole data ranges from 15«25 m, in
most areas and well below 15 m, at the flanks and areas of
deep weathering. Since aeromagnetic surveys were done
at a normal flight line spacing of 2 km, any analysis that

may involve digitised spacing of less than 1 km, with a
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view *o investigating the thickness variation of
basaltic sheet, may not yvield reliable results. This
is due .partly to the fact that aliasing may be produced
and that shallow depth (about 45 m.) is of interest, 1In
2 similar case history, tin-beaxing deep leads occur
near Inverel (in Australia), in valleys later filled by
basalt, The occurence of this basalt can be detected by
aeromagnetic anomalies (Forsyth, 1960), The observed
correlation of this data with the geolcogy encouraged the
use of total field ground magnetic survey, in this

study.

l.4 scope of the present study:

Problems associated with the location of the original
stream pattern and the presence of the overlying hard
undeccomposed basalt are powerful detzrent to both mining
and ogeophysical exploration and exploitation of the
sub-basalt alluvial tin deposits.

The main purpose of the present work is to study which
analytical technique is best suited to the exploration of
sub~-basalt deposits using both gravity and magnetic ground

suxveys,

For this purpose the area was covered with detailed
gravity and magnetic ground surveys on a 60,96 m,
regular square grid pattern., This was done in order to
estimate the basalt thickness with a view to removing its
maskinc effect from the acquired data in the study area,

The available drill-hole data will be used to aid in the
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analysis and interpretation (Hammer, 1963).

The analytical techniques applied are as followss
i) the acquired Bouguer gravity and Total Field magnetic
contour maps are used to calculate
a) the 2nd vertical cerivative components based on
application of Rosenbacht!s technique (1954);
b) tke Analytical Downwarc continuation based on
Constantinescu, (1961),
with a view of studying the effects of shallower and smaller
disturbing masses and to locate sources of anomalous field

and probably depth extent of basaltic layer,

ii) A compuation of effective basaltic thickness and

depths from

a) gravity data using the assumption of infinite
horizontal basaltic slab cof uniform density.

b) total field intensity magnetic values using slope-~half-
slope method along the principal profiles (Peterts, 1949).
c) gravity and magnetic closures based on Both and Smith!s,

1958, and thin slab approximations.

iii) the residual gravity is subjected to a stripping
correction with the aid of the limited borehole informations
and the results of the above compmtations (based on Hammer
1963) in order to map out the sub=-basalt bedrock surface
topography and the effects of deeper origin. Careful
studies of all the obtained results together with the

available geological informations is hoped to reveal:



13

a) the usefulness ox otherwise of such practical
techn1qae of Strlpplng off calculated shallower
gravity \effects to improve the definition of

deeper gravity prospects (Hammer, 1963), in problems areas

such as the sub-baéalt cassiterite fields,

b) estimation of the relative thickness of the hard
basaltic cover from the acquired ground magnetic and
gravity data as reflected on the acromagnetic survey data
in tin-field areas (Forysth, 16603 Ajakaiye, 1976).

c) a knowledge of the relative variation of the bedrock
surfaces, .the sedimentary thickness, anc the weathered/

weak zones of the bedrock, under the hard basalt cover.



CHAPTER TWO

FIELD SURVEY

2.1 Preliminary field reconnaisance surveys

Prior to.the actual geophysical work, about three
reconnaisance trips were made, The first one undertaken
with the Amalgamated Tin Mines of Nigeria (A.T.M.N.)
team led by the Prospecting Superintendent, The main
objective of the trips was to get acguainted with the
location sites for the present study as well as collect
fresh rock samples from ths active mining casts,.

By use of the surface geological map, the
structural positions of the rock bodies adjacent to the
area ol study were examined on the topozraphical map

during one of the trins.

2.2 Field procedure:

A& total of 15 pzrallel (principal) profile lines
each extending to about C,85 km in the N.W. direction
were laid out, Also about 14 prrallel cross-profile
lines each extending about 0.8L km. S.¥. were laid.

All the principnl profilis were oricented in the
direction 320° for lin.s 288 to 332 at intervals of
about 61 m, The spacing hetween line 332 and 336 is
excentionslly inecreased to atout 106,7 m. to avprocch a
regional trend. The crosgprofiles were numbered from
6l to 120, with the normal 61 m. spacing. This gives an

areal coverage of sbout 1 kmz.
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411 the profiles were laid using a WILD T1
microm.ter Theodolite o~nd stations marked at intervals
of 61,0 9.1 m, on a 1:2,570 map.

H 1ghts were deterrined using level and reduced
relative to o datum of sbout 1194 + C.1 m. on a base

station at a borehole 288788 {fig. 2.?). Two sites were
surveyed aun . named test-site and main probe site, sach

overlapping with berehole profiles,

2.2, Gravity surveys

The instrumoint used for the actual gravity work was
the Worden Gravimeter lModel Ny, 135 with a scale constant
of 0.09267 mGal per division, from Department of
Physics, Ahmadu Bello University. -

Prior to the field work, the instrument was
observed in the Geophysics lLaboratory for two consecutive
days. The daily tidal variation was smooth (see fig, 2.2.1)
with a maximum amplitude fluctuation of about 0.3 meter
reading (0.028 mGal). The lincar trends in the curves are
attributable to instrumental drift, The variations due to
this 1s considered Just adzquate as compared with the value
of 0,03 mGal per day rccommended by the manufacturcrs for
the instrument. The variation amplitude is not greater
than 0,1 meter reading (0,001 nGal).

However, because cf tha nature bf the surveyed arcea
and the level of expected anomaly, the instrument needed
resetting for the field work. The instrument was also
observed for about 3 hours after each day work during which
a maximum amplitude range of about 0,009 - 0,019 mGal was

being recorded, This wes considered reasonable,
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A1l gravity values were reduced roletive to that
of absolute gravity Bose station 2t the Jos Survey Head-
guarters {(Lat. 9° Su' u2“; Long, R 54t 2LY sstablished
by Ajakaiye and Verheiicn, in 1978, (9777962.0L1 + 0.014
mGal) which was tisd to the Bas. Station 288/88 and 220/70
at both *the main orobsz site znd test site respesctively,
using closc-loop method of Nettleton (1976).

Other base stations (ebout 21) wers cstablished

and interconnected. The detailed stotions were occupiced
using the usual Nettleton's ABABIBCD-~--- method between
interconnected base stations of the order #,B,C,0 ~=~=- 0On
the grid profiles (Telford, et al, 1980). Few reveated
readings taken along the cross-profiles did not show any
difference greater than about.0,0003 mGal, from those

on the principal profilss,

2.2.2 Magnetic survey:

Hagnetic field observationé were made using nroton
proecession total fiold megnetometer, Geometric G 826,
This instrument measures the total ficld magn:tic component
in gammes to an accuracy of 1 ramma.

Since consistunt rondings were obitained only ot a
distance greater than 120 m. frow =any iron structures,
vehicles used during the survevs were thus kept at

distances not loss than this, from any observed station.

Magnetic measuremcents were made at the locations

Hy
—~

of the gravity sfations on the grid pattern, Reoccupation
I the base stations (about 21) were done in not mere thon S

o
rinute$ and detoiling done using the Nettleton's methods as

1n ubove,



CHAFPTER THREE

REDUC TION AND ANALYSIS OF THE AVALLABLE DATA

3.1 Borchole gravity and nragnetic data:r

The typical local section of the bassltcovered
area of study simplified for gravity and magnoetic

purpose is as follows:

Rock Layer - Density Susceptibility
in 103 (kg m™2) in 1072 c.g.s.

Overburden later- :
ised basalt clay ' 243 Q.1

Decomposed basalt -
(with hard noddl:s) 2.3-2.56 0.3

Hard to vegicular
basalts . 3,0-2.56 0.6-0,5

Sub-bagalt alluvium

(lenses of sands,

carbonaceous clays, = ' -

wash ) B 2.3 0.0-0.7

Hard to weathered
bedrock granite _ 2,67-2,5 0.1-0.0

Hard bedrock i
granite o : 2.67 0,2

The bedrock granite have fairly uniform density
and susceptibility oxcent where there are
or high level intrusions or where it is waathered.

Gravity and magnetic anowalies may arise due to changes
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in thickness or degree of decomposition and susceptibility
of any of these layers.

The average overburden depth is 17.2L + 2,8 m.
and the thickness of basalt ranges from 1.6 - 25.9 m.
with an average of 19,58 + L.,5 m. while the thickness of
the sub-bas~lt sediments ronges from about 4.3 m. 2t the

flanks to about 25.3 m., towards the cs=ntre of the valley.

3.2 Dengity and susceptibility measurements:

4 total of =2bout 19 representative samples were
collected during field surveys. Both drill-core and
open-cast mine samples were subjected to bhoth density
(table 3.2(a)) and susceptibility (table 3.2(b)) measure-
ments, Wet and dry desity were determined using both
the Mettler FS 15 Balance, the chemical balance and
pycnometer (for friable samples): while the susceptibility
determination was carried out using a battery operated
- SCINTREX SM~5 Susceptimeter.,
| The highest density (2.93 + 0.01 kg. m™>) and
susceptibility (0.6 + 0.05 x 103 C.g2.5.) recorded for
the unwesathered “newer® hnard basalts: while the sub-
basalt black clay gave the least density (1.36 + 0,06 kg.
m~>) and susceptibility (0,0-0,03 x 1073 ColleSa)e

The measured nean values of density, however, are
comparable with the range of both standard values and
those from other localitics in the area. (Telford, et

al, 1980),
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(a) Density of Rocks from N'Gell basin

% After Ajakaiye, 1976.

* % After Ibe, 1982

+ After Telford, et al, 1980, PP.25

rock type Samples Range of Average Values from
. Density wet Den- other local-
o 3 sity in ities (in
in 10 3
(i{g m“'3) 103 (kg 10 ) (kg m".3)
m=3)
Bed Rock 3 2 57=2,70 2.6&:0.06 2.66 + 0,05*
Granite (Granite Gnei
Basaltic : B
Noddle 3 2.94-2.95 2.,9410.01 2.83-2.,93*%
: (0livine Basa
Basaltic :
(Vessicular) 3 2,54-2.56 2.55+0.07 -
Hard _
(Newer) 3 2.92-2.54 2.23+0,01 2,73=-2.,79%*
} (Calcitic Basalt
Basalt 2,83-2,93%F
o (01ivine Basalt)
Bottom Wash % 2,63-2.65 2.,64+0,01 1,70=2.,30+
(Gravel Sands (Part- (Pure Sands)
samples) _
Wet Black b 1.2301.4 1.36:0.06 1.63+2,60+
Clay (Part- (Clay)
; samples)
Decomposcd
Basalt (part- (Sands and
Clay samples _ clays)
Top Wash in 1.81-2.52 1,98+0.30 1.70-2,40+
(Dry) : (gravels)
Greyish 1.65-1.85 1.83+0.08 1.63-2,64
(Part- (clays)
samplecs)
or Decomposed (Clays)
Bedrock



Table 3.2(b) Susceptibility of Rocks
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from N'Gell Basin.

Rock Type Samples Ranges of Average Suscep-
Susczapti- tibility in
bll;ty in 10-3 C.E.S.
1077 c.g.5.

Bedrock 3 0.,1-0,2 0,13+0,06

Granite

Rasaltic

Noddle

(Olivine '

Neddle) 5 0,1-0.2 0.18+0,04

Newer .

Hard Basalt 5 0,5-0,6 0.58+0.05

Bottom Wash

(Gravel and '

Sands) L 0.3-0.14 0.3510.06

Wet-Black - '

Clays 3 0.0-0.1 0,03+0,0L

Decomposed

Older B-saltic

Clay 0.3 0.30

Creyish Clay 2 0,1-0.2 0.151+0.07

Decomposed

(Weathered) 2 _ 0,0 .00

Top Wash 3 0.,00=-0.1 0,07+0.06
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where:
0 = drift rate between
base A and Bj
RH and RB = base stations metrs reading
at detailing;
t, and t = times of observation.
A B

The absolute gravity values at detail stations

are then given by the relution:
9 = 9(u) + K(Rg=Ryy= 0 (T4-T,)

where:

0}
]

absolute gravity value at a detailed

station, s

A
3
]

scale readings #nd time of observation

a2t the detail station respectively,

it. Latitudes ecorraection:

The theoretical grevity acceleration, g@’ at
sea level is given by the International Gravity formulae

for 1973, thus:

99 = 978031.85 (1 +0.005302L
o P 5
sin“@ ~ 0,0000052 sin“2@)
where:
@ = Latitude

The computetion was made to obtain the difference
between the reference spheroid values described by
the above formulze, and the actual Geoidal gravity

valus described by the field measurements,
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(1ii) Elevation correction:

The free-air correction, g(F A)? was carried

out using the relation:
g(F”,,‘) = Oo3086 h (mG'll)

which takes into account the altitude variation between
the stations, assuming they are freely suspends in the
airy; where h is the elevation from sea level in

meters, ON the other kand, the Bouguer correction,

B(p)r» wAs made using the relation B(B) = 0.04188 0 h,

(mGal) which takes into account the mass effect of the
horizontal slab includcd betwezn the stations level
and a standard datum level (sea level); O is taken as
the 2.67 in 10° kg m™> (the average crustal density).
The Bouguer Gravity anomaly was the reduced using

a computer programme thus:

E(B) = & (obs.) % 98(g) % B(r.n)

7 48(p) * 9&(7)

where:
£(ebs.) = observed station reading.
de = 1~titude correction

dg(F.&.) = frec air correction

"

dg(B) Bouguer correction,

Terrain correction

d€(r)
(negligible).
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a3 Magnetic datas

The correction for diurnal and possitle
erratic varinations c¢f the geomagnetic field and
the chonges in the instrument caused by
temperature and drift was carried out by
plotting drift curves 2ssuming line-r variation
with time., A simple program was written to reduce

the values in the computer,



CHAPTER FOUR

INTERPRETATION TECHNIQUES

4,1 Intreductien

The main target of this stﬁdy is to locate the
bedrock surface configuration and its associated
cassiterite deposition, The interesting anemalies
resulting from smaller or shallower features on the
potential field maps are often masked by effécts of
large scale deep=-seated structures., Thus the removal
of regionals resulting from deep~seated sources is
often done by various anemaly seperation techniques,

Procedures of regional/residual anomaly separation
are mainly of two types, either graphically or by
numerical application of analytical methods,

In the present study, knowledge of the lecal

geolegy is utilised in the choice of the techniques,

The inspection of the gravity map revealed the

follewing types of anonalies:

i. sharp anomalies which may be of shallow
origin;
ii. ., anowalies »f intermediate dimensions

which are probably indicative of interesting
geological sources)
iii, large broad anomalies which are of a regicnal

nature,
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The anomaly classification in the above manmer require
the application of various establishied methods such as smoothing,
second derivatives and analytical continumation techniques, On
each of the resulting maps, a closure pattern of gravity and / or
magnetic field{s) may be regarded as an indication of a distinct

seeclogical stricture.

L.2 Regunlution of anomalies:

4.2 Removal of regionals and residuzls by graphical and

vigual smoothings:

Removal of the regional anomaly will legve us with the
superficial effects (residual anomalies). In the area of
study, theze residual anomalies may be due to the varying

thicknesses of the top bhasalt layer and other sub-basalt layers.

Assuming a thin or uwniform horizontal hard basalt layer,
the sub=basalt bed-rock surface confiruration of the area could

be more apparent on the observed jravity residual map.

Graphical and visual smocthing techniques were employed
due to the nature of the available map (fig. 5.1). Two trends

may be recoghised on this map:

(1) a general strike direction NE -~ SW

parallel to the profiles (6L - 96),



ii, another strike, NNW - SSE, direction

perpendicular to the profiles (100 - 120),

Consequently, the simple visual smoothing process
was not quite effective when applied tb the data,
Profiles olotted on the lines perpendicular to the .
strike directions were used to reduce the regionals
in each case as a two-dimensional graphical smoothing
(Telford, et al, 1980), (figs. 5.1.1{a)).

Fig. 5.1.1.(b) and the resulting residual map
(not shown) was obtained by a straight forward graphical
smoothing - by plotting and recoghising a general

regional trend on each principal profile.

Le2.2. Analytical methods:

These methods involved using a grid of i-:»ﬂ‘
Bouguer gravity and Total field magnetic values obéerved
on the surface. A 50 x 56 point values of the acquired
gravity and magnetic data at corners of a squared mesh
.of 15,24 m. spacing were digitised from the Bouguer
gravity and vertical m;g%gtic maps of fig. 5.1, and
5.2 respectively.

{(a) Second vertical derivative
Bomputation and mappir.g

a

The 8Becend Vertical Derivative is a m?sure of
curvature -of the gravity field, When Laplace eguation
is applied to any potential field,

29
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52y . 62y . 62y . 0
bx° sy2 877

the second vertical derivative is the partial derivative
w.r.t. vertical, that is

2
( - =) (Resenbach, 1953).

Details of the theoretical principles and
happlication of such technique are documented in
Evjen (1936), Peters ((1949), Henderson and Sietz (1949%a),
Elkins (1951), Nettleton (195L), Steiner (1963), and others.
Second vertical derivative formulag are generally

”

in the form:

Vzz = 92 (wovo + w1v1 + W2V2 T
5
" “+ WDVB )
where:
Vzz = second vertical derivative or
residual at the point of calculation.
- L = constant for particular system.
8 = Grid spacing,.

Wo,W1,W2, ...

weighing factors

(positive or negative)

Vo = gravity or magnetic at the point of
calculation and

V1’ VZ’ -..0-

average field values around successive

¢ircles,
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The method involves the calculation of the
averages of gravity/magnetic values on concentric
circles of successive radii S, 32, SV5, +ee.y ates
These averages are multiplied by certain numerical
weighing coefficients. BSuch coefficients may be
considered to provide linear filtering process applied
to the original map.

The Rosenbach's working formulae used in the
. present work have  the following form:

Vzz = 4 [96(Va) - 18%1 vi (s)
2hs§ i=

%? 8
-8 = vi(sv2) + 2_  Vi(sVS5) 7
i= :

i=1

The choice ef weighing factors depends on the
preference of the interpreter and the nature of the
data (Dobrin, 1977). The summation of all the
weighing coefficients of the general equation (Vzz)
is always equal to zero, and the resulting map shows
positive and negative anomalies egually likely, In
general, reversed polarities in a second derivative
map are not all attributed to a specific structural
origin, Fictitious anomalies are not uncommon in such
maps {Roy, 1961). Moreover, the dimension of grid
spacing plays an important rcle., Calculations with
smaller grid spacing may accomsodate smaller details,

while those carried out with larger spacing may reflect
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the effect of larger features,

(b) The analvtical downward continuation:

The continuation of a certain potential field, is
the process of measuring the field at a higher or
lower levels (upward or downward continuation respectively).
Computation at such a level of continuation is possible in
principle if there is no disturbing body within the range
of continuation,
Downward continuation is applied for anomaly

separation, such as feéol&ﬁonof overlapping effects
of sources close togzther, If two separate but nearly
sources are under homogenous overiying material, the
downward continuation could be made to a level closely
above the sources where the effect would be clearly
separated whereas they would be confused by overlap at
the level of measurement, Continued field to depths
greater than the source will begin to oscilate
(Nettleton, 1971), and = we use this as depth criterion,

| The importance of continuation methods as well
as its interpretation usefulness have been documented
{(Hammer, 1947; Evjin, 1936; Haug's, 19423 Bullard and
Cooper, 194,8; Henderson and Sietz, 19,9; Peters, 1949;
Trejo, 1953; Henderson, 1960; and Constantinescu, 1961},
Peters, 1949, proposed that downward continuation can be
used to determine the shapes of interfaces between uniformly

but differently magnetized media.
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In this work, we have applied Constantinescu's
formulae {1961), which used the Laplace equation in
cylinderical co-~ordinates syst=m by the approximation

of Fourier=Besgsel function,

Constantinescu {(1961), pointed out that the
potential and its derivative in a space free from scurces
are continuous and the gravity/magnetic values at depth
Z = =d can be represented by & Maclaurin's series., On
the other hand, the vertical derivatives of various
orders can be obtained by successive derivation of
Laplace's equation in the approximation of Fourier-Bessel
funetion, Constantinescu's (1961), working formulae
using two concentric circles having radii, d and (d./2)
has the form:

Viegy = 8.3957u5 [ vy o+

6.9041 vi(d) -
L.S17417 vi{d v2) ]

where:
Co =+ 8,395745
C1 = 4 6,9041 and
c2 =~ L.517417.

It must be pointed out that the vertical
components of the total magnetic field, AZ, are
used in continuation methods, The inclination of
magnetisation in the magnetised body (in this case, the

basaltic layer), has been tested by a simple rule of
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thumb (Sharma, 1976}, on the data and AZ component
obtained from the Total field, thus:
AZ = AT sin I

~where: I = inclination of the magnetic field,

Computations involving the above analytical
methods were done using Computer Programmes (Award,
personal communication) modified and adapted for the

‘ present work,

he3 Gravity stripping technigue:

In principle, the gravity layer stripping
technigque is used to extend gravity interpretation to
deeper horizons. By calculating and subtracting the
gravity effects of overlying strata whose structure and
density relations become known in detail from shallower
development, deep prospect horizons are uncovered
(Hammer, 1963). |

 Combined stratigraphic and density infbrmations
from shallow = development holes defines the mass
anomalies in the ungr strata. |

Hammer (1963); peinted out that gravity features
seen on the surface datum level after subtracting known
shallower subsurface gravitional influences to clarify
the gravity picture of deeper structure, defines
"deeper gravigy anomaly". In other words, the gravity
stripping technique expresses the portion of gravity

anomalies originating below the stripping datum as



oF ot

*(gl6L ‘T® 32 sofperely To33e pejdupz) °3TES¥q TN

»

UEP uo NHHMO.HQ hPH?ﬂm.H.Q'&HOngH._.-.HD uo 31 TEa.d aTA €3 ‘.u,..vL”nH.m.HPH 1r -rchT =
A . N H

.Il-l..llllnll:llllllllll.lt.ltilu;l..:‘-«lllll.lll.llllultu R

(w) yydap 93€44NS 430Jpat
- }l94}e Ayiaesb

Jadaop ‘@lejans 3I04PaAq oy (n0) kyiaedd paddii}s o—_°

-jjeseq 0 eseq oy (n-B) r;m._m paddils +=--=-*
(n-B) Ay1aedb paaasqQ »—"

1235 - Z1JOH

w g0k 0

7-10%

0¢

———




306

mapped on the surface,

We have employed this tachnique in this study
because of the need to determine the approximate depth
to bedrock and the removal of the unwanted effect of the
basaltic layer from gravity data acquired on the surface,
Moreover, the idea of depth arproximation to becdrock is.
reflected in the stripped datez since the stripping teo the
bedrock surface makes the data oscilate (fig. 4.2.1).

Two basic assumptions are made in the use of this

technique (Hammer, 1963):

i, available fest drillings carried out
to various moderate depths to define
subsurface structures and formation=
thicknesses, )

ii. available (well defined) density

- relations of the various strata,

In this study, these conditions are however,
partially met., Few borehole profiles are available in
the study sites althougi the sub-basalt borizons and
structures are well defined, The demsity informations
from the different drill-holes are insufficient for
accurate computations covering the unknown part of the
study. area,

The gravity "stripping correction datum" in this
study is taken as the base of the basaltic layer which

may not necessarily be horizontal,
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Calculations of the gravity effects of the various
density sirata are carried out separately by standard
techniques (Hammer, 1963). Usually, except in the case
of very steep dips, the infinite flat plate approximation
is considered adequate., In this study, computation was
performed at each gravity station in a two~dimersional
array of the surface. survey by use of a gravity program
(Nagy, 196L; 0jo, personal communication) modified and
adapted to the present work. The calculations give~
gravity differences in terms of density contrasts

referred to the surface stratum which therefore, has

zero effect (Hammer, 1963),

u;h Depth estimates:

I.h.1 Basement depths:

Basement depth calculations are discussed in
Nettleton (1975), Bullard and Cooper (1948), and in
Bott and Smith (1958, 60, 61).

We have applied Bott and Smith's technique and
made use of the information available from bafeholes
drilled in the area,

Bott and Smith introduced several formulae for
rapid estimation of maximum possible depth to the top
of gravitating Ppody. The maximum depth (h) corres-
ponding to the maximum observed anomaly (8g)max' and

its corresponding gradient
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[gﬁl is given by

max.
h = (5g) max.
O

max,

or

h = 0.65 AR
where:

AR - minimum radius of the anomaly

clasure

This formulae was applied to each of the

anbmaly closure on the observed residual gravity.

L,h4.2 Estimation of fault parameters:

A Bouguer gravity map may include both linear
and closed anomalies, which are likely due to structures
separated by faults, or lithologic changes in formations.,
Three parameters of a fault, namely, the amount
of down-throw (T), and the depths to upper and lower
surfaces (Z1 and Z,) were given by Nettleton (1942),
Sharma and Vyas (1970), and Sazhina (1971), see fig. lL.l4.1.

The formulae for the veprtical attraction of gravity

{z) and its horizontal gradient ( $g), caused by anomalous
&x
escarpment are given by:
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9z

T LT

Fig.4-41 Gravity effect of a faulted horizontal
slab showing parameters,




g = 0 Gﬁf(zz - Zq) + 2 22 arc¢ctan
X - 2
-2Z,arc tanX +X1n{ 2
Z4 > 2
X< -z
and,
2 2
Sg X< - 2
——56)(_0(51:1( 2 )
' 2 2
© -
when X = 0, 9= osn(z2-zq)
= o 9=2 0 6 1 (Z, -2,)
= - 0 g:D.

Using these relaticns, the values of Z1 and 22 can

be determined., Also, since tne (6g) - curve shows

: X
a maximum at point X = O,
then
T = 9Inax. = 9 max,
2onGy L2 g
and 6:{5_ =2 0G 1n Z,
7
Where:
gmax. = amplitude of the anomaly

associated with the fault,

0 = density contrast - -
of the slab

material with the overburden

L0
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G = universal gravitatienal ccnstant,

Semi~-iafinite horizontal slab anproximation:

It is often practical to substitute a vertical
prismal body whose width, b, is very great to a semi-
infite horizontal slab. The gravity effect, g, for a
semi-infinite horizontal slab is given (Telford, ct al,
1980) by |

g = 4.07 x 1072 6 { x log (D°_=x°)
L 7 4 2
+ X

+ D (/2 + tan™ (x /D)

-4 Erv/Z + tan™ (x /d) g

Where:
X = horizontal distanée along profile from
origin,
d = depth to the top of the body, and
D = depth to the bottom.
0 = density contrast with the surrounding
g max== g, o =~ &_»

= .07 x 1072 ¢ 17 (D-d)
also, differentiating, w.r,t, x at origin, we have,

(%% ) = 4.07 x 403 G log (g)
X _

-3
Bmax /12.?? x 10



L2

log (D/2) = 1 (

> ]

4.07 x 1077 0

&f%

From these relations, we can find D and d assuming a

density contrast, 0 . See fige 4e4e2s

From the Bouguer correction given in chapter
three of this study, and the above =2ffect of a
semi-infinite horizontal slab, we can have some idea
of the magnitade of 2 sudden change in overburden

thickness. Thus, from the above relations,
when (d=0), the slab outcrops, we have

= 12,77 x 1002 6 D (m Gal/ft).

5.04188 (mGal/m)

;

§ = density contrast with the overburden:
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Surface X

5

Fig.4:4-2 Gravity effect of a semi-infinite thick horizontal
slab showing parameters. '




CHAPTEr FIVE

OUALITATIVE . ND QUANTITLTIVE

INTERPRETATIONS CF THE DATA

1 Qualitative Internretotion.

5.1 Features of the Bouguer sravity and its

related comvonents:

The Bouguer anaraly (map) of the area (fig.5.1)
has negative values ranging from - 78.0 to - 85.2
mGal. Three gravity belts are identified and marked
on the map by probable structural boundaries as
follows:
(a) - the north-western belt (1) characterised by
relatively lower nesative gravity and a NNW -
SSE strike.
(b) - the middle belt (B) with highly negative
Bouguer ranging from - 80.5 to -f5.2 mGal. in
a linesr trend (NF - SW). (The gravity high
(-80.5 mGal) is =along line 88).

(¢) - the South-eastern belt (c) whose boundary with
belt (B) is almost along line B0, with a strike
of NMW-SSE direction. These zOnes and their
closures are delineated considering attitude,

hrehaviour and configuration of the contour 1lines.

S.1.1 The regional anomaly:

Both the regional eravity data of fig 5.1.1 (a)
obtained from two-dimensional graphical filtering and

that of fig. 5.1.1 (b) from visual smoothing, have 2
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general trend of nbout N20%s,

Both manrs have valuos renging from -7G.0 mGal
in the Western corner to zbout -82.9 mGol at the
eastern corner of *he¢ orea, Both trials are acceptable
since their trends are observed tc follow the
structural trend of tho Central Ring structure (Jos-
Bukuru complex). Their values indicate a "drag" of
larger negative Bouguer gravity comnonent towards the

Central Flateau,.

5.1,2 The residual anomaly:?

The residual gravity mar of fig. 5.71.2 obtained
from graphical filtering is characterised by major

and minor anomalies,

(a) The major ancmalies:

The major anomaly occupies belt (B), striking
NE - SW. The anomaly amplitude on this main feature
ranges from - L.k + 0,1 to O.4 # O.ﬂ.mGal. Ihe
possitive high is between two linear gravity lows

and form a narrow "nose® of gravity exnression.

(b} The rminor anomalies:

Minor anomaliss closures of amplitude range of
0,2 # 0.1 to 0.3 + 0.1 mGal, marked G1, G2,...... Gl
cccupy belt (4) and those marked G5, G6,.v00v0., 09
~occupy belt (c) with amplitude range of 0.0 to - 2.4
+ 0.1 mGal,
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of the study area-
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The major anomaly of belt (B) is considered to
indicate either a linear tectonié feature with structural
boundaries, and/or accumulation of sediments (fluvio-
marine/fluvio-volcanic/estuarine and/or lacustrine) in
some huge amount filling the ancient river and its
channels, and by compaction following the thick basaltic
éover, became of slightly higher density than the under-
lying materials. O©Of course, the mixing made during
structural and sedimentological settings could be a third
probability. The author assumes the third one of the
basis of the following:-

1. ~ gravity high delineation does not appear on
the magnetic maps (Total or vertical field intensity)
This could mean that this type of gravity high did not

arise from fissure-like structure causing a dyke-~-like basic
intrusion for example,

2. - the.high gravity middle belt is actually bounded
by two lows from its north-western and south-castern sides
respectively., These may be as a result of some fracture
zones affecting the old sediments (sub-basalt sediments).
Thies point is some-~how in agreement with the vertical
magnetic (fig. 3.2) and the downward continued magnetic
maps (5.3.2.(e)), which shows some high gradients on both

sides,
3. -~ the degree of density of gravity contours
covering the south-western side of the middle belt

area is slightly higher than its south~eastern side.
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This is in agreement with the interpretation.taken along
two profiles shown in figs 6.1 (a) and 6.1 (b}, which
shows that the thickness of the filled sediments is
increasing towards the south-western side (down-stream).
The contour density most probably obey this feature.
Again, the interpretation taken along a reference
borehole profile line 288 shown in fig. 6.3(a) confims

the compaction of the sub-basalt sediments,

4, Moreover, this assumption is in fairxly well
agreement with map of fig. 5.9 (b) which shows that

the thickness of the sub~basalt sedimentary unit reaches
a maximum of morxe than 70.0 m. in this belt in comparison

with the whole map area.

5.2 Features of the total field and vertical

field magnetic data:

The total field magnetic data is shown in fig. 5.2
(a) and the vertical field component in fig. 5.2. The
later map was prepared by assuming a magnetic
inclination (I} of about 5,5° for the area.
A close study of the total field map reveals
an anomaly intensity order of 150 - 900 for the area
An intensity order of 700 - B70 occupy much of the
middle ti#lt of the area, akong 816 -336, (This is
also apparent on fig. 5.2 (b)). This anomaly is considered
to be indicative of a basaltic langer overlying a thick

fluvio~volcanic/or metamoxrphosed sediments on the
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paleozoic basement-low (Sazhina and Grushinsky, 1971)

There is no correlation generally betwoen the
total field magnetic closures (marked ML, M2, .....M7)

and those of the residual gravity (marked Gl, G2,...G9)
except for the closures marked M1,/G2 and M7/G5. This
may be because the direction of magnetisation on these
two later closures are near horizontal and/or near to
the direction of the total field, contrary to other
closures,

The vertical field magnetic component, however,
compares better with the residual gravity map than
the total field. |

The lack of onewto-one correspondence observed
betwgen the gravity and magnetic closures may be due
to a random direction of remanence magnetisation within
the basalt.

The vertical magnetic field component also show
édme high gradient on both sides of a high along line

88 in the middle belt. This is in agreement with the
gravity data earlier discussed,

By considering the nature and/or polarity
correlation of each corresponding gravity and vertical
field magnetic closures (Sazhina and Grushinsky, 1971)

some geological interpretations have been compiled in
table 5.0 (appendix 1) for the area of study.. Informations

derived from continuation maps are aleo utilized in this

resncact.
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5,3 The second vertical derivative and analytical ‘i

downward continuation data:

gince the approximate depth to the basaltic layer
(eariinr discussed 1in chapter 3.), 1s about 17. Me
(overburden depth), and the depth to its base about
36, m3; and the approximate depth to our target bedrock
js about 61 m., the origional Bouguer gravity and the
vertical magnetic field maps were therefore digitised
at a spacing interval of 15.2 m. (contour interval
of Bouguer map is 0.1 mGal and feor magnetic map, 10 8 )

for these analytical methods of computation.

Maps were then constructed for any of the spacings

- {4 consecutive spacings) approximating to bedrock depthe
Theso spacings are pelieved to enabled interpretation

of structures and sources near to their equivalent

depth (in case of analytical dowaward continuation)

or enhancement of local features (in case of derivative

data) and hence anomaly features at depths in the

unknown area of studye.

5.3.1(a) Second derivative gravity datazs

The second vertical derivation map constructed
from gravity data (fig. 5.,3+14(1) shows that features
of the middle part of the area are still consistent
with the NE=SW linear trend as has been indicated on

the original Bouguer and its residual gravity mapse
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These features on this map are considered to
originate from lateral variation of lithology within
the shallow sub-surface setting, and is indicative

of a possible fracture originating from the basemente

Some of the minor gravity closures are not
pronounced on the derivetive map, A NW-SE linear
trend emphasised within the basaltic layer (discussed
later for figs 5.3.2 (&), 15.2 m downward continued

data), becomes more prominent,

5;3.1(b) Magnetic derivative datas

The second vertical derivative magnetic map wes
constructed, as shown in fig. 5.3s1 (b)s The prominent
expressions of the features on this map are probably
indicative of the petrological and/or structural
differences within the most upper level of the basement,
The variation of the basic property of the basement
rock is also of interest, The map has emphasised
anomalies marked G2/M1, M3, M3 (b}, G6/M5 and G3.

These anomalies are indicative of probable variation
in magnetic properties of rocks within the subsurface
zone more than the structural configuratione.

Other anomalies apparent on this map, namely,
GS5/M7, M5(b) and G1 mavy have origin from near basement
surfaceq

5342 Features of the analytical downward

continuation maps.
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5.3.2(a) Gravity continuation datat

Constantinescu's formulae (1961), was used to
construct 4 downward continuation maps for spacings
152, 30.5, 45,7, and 61 m,

The following observations could be deduced
from the maps:

(i} - the belts A, B, and C demarked on the Bouguer
residual and second derivative gravity maps could
also be delineated on tnese maps,

(1i) = a NW=SE lineaments persist throughout the

4 continued data (maps) in belt (¢).

(iii) - an inspection of fiqures 5.3,2 (c)-(d) shows
the residual closures Gl, G2, esceeocecsy, ON these maps.
These two contiﬁued depths are ‘equivalent to depths
below the basaltic layer, and most probably considered
to be indicative of the approximate basement surface
depths and simnply implties an increased oscillation of
the potential field.

Belt (A) is also observed to show a relatively
less number of small anomalies than belt (c) at 61 m,
level. Thiézéelieved to be indicative of a higher
basement altitude in belt (c}, deeper altituce in
belt (A), and probably deepest in (B).

Structurally, the downward continued gravity
field is considered to show that the study area is
affected by possibde geotectonic fractures of about
(N 42°W) and (N56°E) trends, the former of which is
probably related to the instrusion of the basalts

within the same period {(Recent)as the erruption.
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5.3.2(b) Magnetic downward continued datas

Baged on Constantinescu, (1961), analytical
down-ward continuation map (fig. 5.3.2 {e) was construc~
ted for the 3rd spacing (45,7 B} of magnetic data,

The following cobservations could Ie made from
the map: |

(1) the three gravity belts earlier discussed
are observable,

(ii} a magnetic high is observed as prominent as in
the corresponding gravity maps aleong line 88,,
and are thought to be indicative of some
fractures affecting the sedmiments and the
basement,

(iii) the behaviour of the contours in belt (c)
(E~W strike contours) indicates that this part
of the map is most shallow. This fact is also
apparent on the bedrock depth maps (fig 5,9)
discussed later,

5.4 Features of the stripped qgravity data:s

Gravity stripping technique applied in this study
was used in an attempt to remove the gravity effect of
the basalts from the observed gravity residual data,
As earlier mentioned, computations were carried out at
each gravity station in a two -~ dimensional array of
the surface survey assuming an infinite flat plate

approximation (Hammer, 1963)
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The resulting stripped gravity map is shown in
fig. 5.43 and the following points are worth noting
concerning the nature of the datat
(1) ~ the gravity gradient may not change at any
point after stripping was applied unless the stripred
layers varied in thickness (assuming uniform density)le.
Where the basaltic layer was fairly uniform, the gravity
values at points will increase in maanitude and polarity

and the characteristic sub-bagalt features not changede

(ii) = Dbelow the "strip cofrection datum" {where we

may loose the borehole depth control), the resulting
gravity expression is likely to be fairly comparable

with a downwardly continued data to the spacing equivalent
to depth of the correction datums If this 1s correct, we
then compare the stripped data with the 45,7 m. spacing
continuation of the gravity data.

The above mentioned discussion would allow us to
make estimates of the gravitating bedrock depths, and
sub=basalt sedimentary thickness as mentioned later,

Comparing fig. 5.4. with the 45,7 me spacing of
gravity downward-continued map (fige S543s2(c)) shows
the following:

(1) -in belt (A) of fiqg 5,4 . , along lines

300, 304 and 308, is a gravity high of 0.3 mG-l

with a low amplitude of 0.8 mG.1 at a point

marked G3/M2. In the corresponding fig 543.2(c)

is a dominant positive gravitye.
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(ii) - there is also a ﬂravify high in beit (A)
covered by anomalies G2/M1 along lines 320 and 324

on both figs 5.4 and 5.3.2 (¢).

(iii) «~the (middle) belt (B), is also dearly éomparable

on both maps,

(iv) -~ also the anomalies marked G5/M7, G7 and G8
appear on both maps with chanage of polarity.
From the above rssults, there is somehow a general
correlation of results of tuo independent techniques
applied which are — the original B-uguer values treated
by applying Constantinescu's methed, (1961}, and the
stripped gravity residual data, applying Hamnmer's L -

method, (1%63),
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II Cuantitative Interpretation

5.5 Gravitating depths:

Depths to bedrock and basaltic layer were estimated
usina Both and smith?'s rule on gravity closures, and
with the assumption of infinite horizontal siab extension
of both basalt and overburden laysrs on gravity profiles,
(1) Results in table 5,5 (a2} (appendix 2.) were first
obtained on reference borehole profiles. Density
contrast of basalt and overburden clay was taken as
Ca99 X 103 kg m "3, Estinate done from gravity and
magnetics are shown in (appendix 3}, In general,
overburden depth from gravity varies within a rance
of 34,6 -~ 36,4 m, with an averaqge of 15,8 £ 1 m,
Results show that the effective basalt thickness is
less for gravity than magnetics probably as a result
of insitu weathering of the basalt. Histograms of
overburden depths are shown in fig 5.5a
(11) The gravity depths to basement is in the range
of 60.0 — 79,6 m, with an average of 65,0 * 1 m.

(table 5,5 (4}, appendix S).

(iii) Estimates of fault parameters were done
assuming a geologlic flexure or scarp along profiles
84 -~ 96, Depths to source ranges from 32.4 m. to

44,5 m. with an averadge of 38,0 iz 0.4 m. (table 5.5 (e).

{(iv) Depth estimates done on stripped gravity data
ansuming a semi-infinite horizontal slab extension of

a sedimentary flat basin, (Tellord; et al, 1980),
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~enabled the construction of the sub-basalt bedrock
surface structural map (fig 5.9)« In belt (A) of the
map, bedrock range of 49, - 65 m. depth is recorded;
in (B), a range of 62 - 100 m. is recorded with a max.
bedrock dip of about 3.2° towards 8.W; and in belt

(0, 2 range of 49-70 m. Belts (A} »nd (c) have much

variaed brsement surfeace,

(v} Cemputed basaltic thicknesses are given in table

5.6 (appendix 7a)e

5.6 Magnetic depths:

Msgnetic depth estiﬁates were found very useful
in this study (table 5,5 (a) - (d), appendix 2.3 & 5)
and compares fairly well with the gravity results on
borehole profile.

Estimates were made on defined closures and on
profiles - coi'rections were applied for azimuthal
deviation of the profile axis frdm the North.
Approximate depths tec basement and overburden were
éstimated using Peter's slope-~half-slope mathod

(Peterts, 1949) (fig 5.6).

(i) Overburden depths from magnetic ranges from 13,7 =
21.4 m, on the reference bore-hore with an average of
17.0 2 1 m, Estimate from closures gives a range of

13.8 - 20,0 with and aﬁeraqe of 17.0 2 1 ma

{(ii) Computed basaltic thickness are given in appendix -

7, table 5.6, for some principal profile lines.
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Fig. 5.6. Total field magnetic profile on the reference borehole section,

Slope-half-slope depths yield approx, depths to the basaltic
layer, (based on Peters, 1949).
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Statistical correlation of the values from magnetic

with those of gravity is fair,

5.7 Isopach map of the basaltic layer:

Fige 5.7 shows the estimated thickness (map) of
the basaltic layer over the area, This map was constfuc—
ted as a result of the estimated overburden depths and
approximate depths to base of basalt, from both gravity
and magnetics with borehole profile correlation.

The pattern of the variation in basaltic thickness
will reflect the pattern of the pre-basalt paleogeomor-
phological surface as well as areas of easy drilling
for further investigation of the guvb-basalt prospect.
Moreover, a direct or inverse relation study of the
“basalt thickness varistion with the sub-basalt sedimentary
surface will lead us to some ldea about the geological

history of the study area,

5.8 Depth estimates from downward continuation maps

As aearlier mentioned, the features expressed on
the 3rd and 4th. spacings continuation maps as compared
with those of the Ist and 2nd spacings gives an indica=
tion of a maximum depth of about 46 m. to the base of
basalt layer beyond which the gravity values were not
uniform, _ . |

The stu&y of tﬁe 3fd and 4th continuation spacings
(45,7 and 61 m respectively) maps for both gravity and
magnetics readily indicates that the lateral configura-

tion of depths of all probable gravitating and magnetic
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CHAPTER SIX

SUMMARY AND CONCLUSION

6.1 Summary and discussion:

I The area of study is characterised by a strong
NNE -~ SSW trending negative Bouguer anomalies in the
range of - 78.0 to ~ 85,2 mGal. The regional gradient
rises negatively by about: .9 mGal/km., towards the
central Ring structure of the Jos - Bukuru complex, from
the area of study. |

The observed trend conforms with that of the
central Ring complex in terms of its structural outline.
The large negative Bouguer is most probably due to the

.large Ring Complex structure of deeper origin.

11 Analysis of the originel Bouguer, its regional
and the residual components shows that 3 gravity belts
(A, B, and C) are identifiable on the maps, with
prebable structural boundaries.

The major anomaly of the middle part of the
map (belt B) is considered indicative of sediments
accumulation on a basement low surface downstream of
an ancient river channel (fig. 6.1 (a) - (b)). These
sediments could have been compacted and affected by
some fractures (NE - SW) on the-basement.

About i minor anomaly clcsures are located in
belt (A) and 5 in belt (C), and are considered later

in the derivative and continuation wmaps.
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II1 Frem the secénd vertical derivative maps, the

following conclusions pay be drawn:

i. - on the gravity derivative map, conspicuous
anomaly of the middle part of the map ecarlier mentioned
is well defined,and has a width of about 180 m. This
anomaly further indicates sone fractures oriented in a

NE - SW direction in the most shallow level of &ubsurface
of the area of study. The low gravity closures of belts
{(a) and (C) are still apparent on this map.

ii. - the derivative magnetic map indicates a rise in
the basic properties of the sub-basalt rocks and/or

some anomalies that are probably from small lithologic
variations, Two emall magnetic bodies are found in

belt (A) (@1/M1,, and G3); two in belt (3) (M3 and

M3 (b)s . and one in belt (C) (G6/M5). Limiting depths
to these bodies are  shown in table 5.5 (d) and shows
that these bodies has little or no basement surface

expression.

v The interpretation of the downwardfcontinuation
gravity maps for the 1st, 2nd, 3rd and Lth spacing
(15.2, 30.5, 45.7 and €1 m respectively), has led to
the following:

i. - most of the structural features represeﬁted
on the original Bouguer, residual and 2nd vertical

derivative maps are apparent on the continuation maps,



on the 3rd and lith spacing. This is most probably’
indicative of the depths extent of 36 - 4S5 m. for the
base of the basaltic layer as also confirmed from the

nearby horeholes.

2. - the feature of the middle part of the map
which is clearly observed on the Bouguer and residual
gravity maps and apparent from the 1st - 4Lth spacings
of continuation maps are well indicative of some
fractures affecting both the basalts, sub-basalt
sediments and the basement. These results also

show that the middle part of the study area has the
higher bedrock depth and the thickest sub-basalt sedi-
ments which is in agreement with figs. 6.1 (a) -~ {(b)

and 5.9 (b).

3. - the study of the 3rd and Lth spacing
continuation maps shows that the depth extent of the
basement surface below the basaltic layer is reliably
confined to a range of 15 - 61 m, which is also
confirmed well from the nearby boreholie data from

the area,

L. - a deformational trend of lineament in the

basalt as evident on the continuation maps, oriented

in a NW ~ SE direction is considered to be approximately

parallel +to the alignment of the 15 Quaternary alkaline

84



basalt volcanoes (" the Newer hasalts) on the plateau,
This could indicate 2 development within the same
structural age but however reguires investigation on

a larger scale (fig. 1.1,1. (b)) .

v Eétimate of the basaltic layer thicknesses
from gravity data shows a variation in the range of
10 - 29m, Areas of very deep weathering exhibit low
pasalt thickness of less than 10 m. DBasalt thickness
is higher in belt (A) and (C), and compares with areas
of slightly higher surface elevation.

Statistical correlation is fair with the
thickness from magnetic as shown in table 5.6 (appendix

7y, - See also fig. 5.7

Vi Legtimate of overburden depth to the basaltic
layer from gravity varies from 8,6 = 36,1, m. with
an average of 16.0 + 1 m. while estimate from
magnetics is in the range of 13,7 = 21t m. onlfhe
reference borehole profile, (with an average of
17.0 + 1 n) - Estimate from magnetic surface closures
gives a range of 13.8 - 20,0 m. with an average of
17.0 + 1 m, Histograms. of overburden depths are
shown in fig. 5.5. |

These results show that the effective basalt
thickness is less for gravity than magnetics probably

as & result of insitu weathering of the basalt.
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Vil The surface gravimetric depths to basement is
in the range of 60,0 - 79.6 n, with an average of.

65.0 + 1 m. as shown in table 5.% (d), appendix 5

With assumption of geologic flexure or scarp
on the high gravity gradient in belt (B) - along
profiles 8L - 96, depths to source ranges from 32.4L
- 44,5 m. with an average of 38.0 + 1 m, as shown in
table 5.5 (e), (appendix), This is indicative of
_approximate depth to the base of the basaltic layer,
and is in agreement with 2 depth range of 36 ~ 45 m,
apparent from the continuation maps and the borehole

data.

ViII The stripped gravity data shows:-
1, =~ 2 positive gravity highs in belt (A)
corrésponding to the anomalies observed on Bouguer
residual and continuetion data (3rd and Lth spacings)
and the second derivative gravity and magnetics.
These anomalies are probably indicative of small

basic plugs in the basement,

2. - most of the gravity anomalies are clearly defined
on the stripped gravity map. There is a general
correspondence with the 3rd. spacing (45,7 m.) gravity

continuation.

3. - the stripped gravity data has enabled the

calculation of approximate dpeths to bedrock which
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compares faily with the borehole profile results and
results from surface gravity using Bott & Smith (1958)
rule, .

The sub-basalt bedreck surface maps constructed
from these results (fig. 5.9) shows a bedrock depth
range of 49 ~ 65 m. in belt (A); a range of 62 -

100 m. with a bedrock dip towards S.W. in belt (B);
and a range of 45 - 70 m, in belt (C) which have
much varied basement surface, 1Isopach map of the
sub-basalt sedimentary unit is consequently compiled
(using the idea of the depth extent of the basaltic
layer base) to supplement the bedrock surface -
structural map in sub-basa’t interpretation.

(figs 5.9 (a) & (b) ).

b ~ the thickness of sadiments under the basalt
then, ranges from 10 m. (or less) in extreme N - W
and Western parts to about 30 m. - (belt A). The
middle part of the study area has the highest
thickness of sediments with a range of 30 - 80 m.
with an average of about 70 + 1 m, In belt (C)

a range of 3 - 30m, with about 20 m, average is

ochserved.
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6,2 Related error sources and precautions:

Errnrs in the gravity calculations could be

contributed mainly in the following ways:i-

i. variations in density both laterally and with
depth is very important in gravity stripping. Density
measurements needed a larger number of samples from
boreholes taken to bhest represent each formation
sub-stratum in order to facilitate accuracy in gravity

stripping calculatiun.

ii. the technical aspect of well control is never
perfect and errors are introduced in the depths as
comparéd with the computed.

iii; the deeper graviiy plcture is subject to zll
uncertainties involved 1ir. the stripping corrections
- errors inherent in the postulation of the overlying
structures and formation thickness on the unknown
profiles. This will introduce errors to the estimated
bedrock depths and isopach maps constructeds

contour interpolation may add to the errors,

The bedrock depths estimated from gravity
and resulting maps may not absolutely correlate
with the existing bedrock contour due mot only
to the above uncertainties but also to the fact that

gravity depths possibly may take into account the
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weathering depth of the granitic bedrock and weak-
zones. |

To take a fair care of these uncertainties
in bedrock depths, intersection points of both depth
contours from gravity and drillholes (extrapolated)
may be used to construct a fresh average depth

centours of smaller intervals,

6.3 Conclusions |
1.  The area of investigation includes a possible

downstream extension of the ancient N'gell river basin.

Gravity and magnetic results point to a ﬁossible
flow of the ancient river to the south-western direction
into a basement surface low resulting into a thick
" pile of sediments later covered by a thick basaltic
flow and compacted. The thickest pile of sediments
under the basalt can be observed in this area (figs
6.1 (a) - (b) and 5,9 (b) )} with a maximum dipping
bedrock south-westwards at a depth range of 61 - 100 m,
indicating a possible stream channel,

The possibility of the river channel originally
following a contact of weak/fracture zone oriented in
a NE - SW in a basement low surface is evident from
the results of the original Bouguer, residual and
stripped, derivative and continuation maps of gravity

and vertical field magnetic wmaps, of the study area.
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A NW - SE linear features affecting the basalts and the
sub-basalt rocks are also evident from the continuation

maps.

2 It is possible practically to remove the basaltic
sasking effect from gravity data observed on the bashlt
by a stripping technique as cvident from the results

of the study. This can enable the interpretation of the
sub-basalt cassiterite deposit by a fair estimate of the
outline of the basin (figs 6.3 (a) - (¢) ) and probable
pedrock depths and hence the ancient streamn channel. A
fair estimate of the depths o bedrock from stripped gravity
data (taken over the pasalt) is done from these results
as shown in figs 5.9 (a) and 6.1 (a) - (b) and is in
agreement with the results frow the boreholes |

(fig 5.3 (2) )e

3. Estimate of the depths to basalt is also fairly

achieved from the results of total field magnetic data.

o . - Analytical method of continuation and derivative
computation techniques app-ied to both the gravity and
magnetic data served as a practical check on the results
of stripping technigue applied 1in this study. Results
yield a depth range of 36 - 45 m. for the base of the
basalt and a range of 45 - 61 m and above for the base-=

ment surface derth.
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A simple cover by hard thick basalt layer overlain
by weathered lateritised basalt clay overburden gives a
simple surface geological picture that hides a rather
interesting sub-surface ccnditions of the N'Gell basin.
The glight changes in surface relative elevation is
possibly due to thick poorly weathered basaltic cover,

Composite geclogical sections are compiled from
the above results and shown in fig., 6.3 (a) - (¢) for

the area of study,

6.l Recommendations:

The results of this study has added a foresight
as to the need for furtuer investigation and scope of

future geophysical work:

1. extension of profiles is réquired beyond line
336 (NE ~ SW) so as to fully define the extent of the
anomaly in belt (B) of this study and beyond cross-lines
298 - 3340 in the 8E direction in belt (C) of this study.
In belt (A) of this study, extension should be made on
all the profile lines to NW from cross-line 116, 120,..
+e0o and bheyond,

These extension areas show the nature of é pre-
basalt flood plain and could be fully defined,
§

2o future gravity and magnetic data along prafile

grid systems of about 10 ~ 20 m, is adequate for detailed

work,



9%

In the analysis, or otherwise, stripping correctien
used be done with adequate density data taken with few

drill-holes limited to the basalt,

3. test-drilling may be done in Belt (A) near
locations 296/120, 308/116 - 112 and 230/116. These
areag are likely flat bedrock flood-plains near valley-

foot, and may preserve early bottom wash.

A test-drilling may also be done along cross~line
G2 and 96 where the sedimentary pile is thickest, to
confirm the nature of anomaly in belt (B). Mineral desposit

along the flat valley bettom is possible,

L extensive gravity and magnétic date should be taken
along all existing borehole profiles on the N'gell
sub-basalt basin as a follow-up of this studies. In view
of future underground mining prospect under the basalt,
stripped gravity data may be used to study the weathering
depths and weakzones under the basalt. Isopach méps

of the sub-basalt sediments and maps of weathered or

weakzone of the bedrock might be helpful.
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continuation maps
(fig. 3.3.2(c) and
5.3.1.(») and splits
into alternative lows
and highs on the 3rd
spacing magnetic

(flg. 5-3020(13) )o

-~ gravitation steps
(probable break in hard
basalt or edgef/or deep

basaltic weathering).

-depression in the
pasement (see continua=
tion maps).

- a basic plug within
the basement masked
by a basement surface
depressione.

- thick basic layer
aver an ultrabasic or
basic intrusive or
pilug in a sedimentary

background.,
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G5/M7 MH/GL - weathering steps, a

ML/GH probable deep basaltic
weathering to linear
depression with basalt

| (shallow source ).

G6/M5 "MH/GL - an ultrabasic cr basic

plug at depth within the
basement (prominent on
gravity and magnetic 3rd and
yth spacing continuation maps
and on the derivative magnetic

map (fig. 5.3.2(c) and 5.3.,1(b)).

G8 ML/GH - linear step within basement
| (fig. 5.3.2(c) and 5.3.1(b) )
fracture.
G7 GL/MH - shallow depression on the

pasement surface (fig. 5.3.2(¢)
5.3.1.(0)).

G9Y GH/ML - weathering step within the
basalt (shallow source), (not
indicated from continuation
map of fig. 5.3.2(¢c) e

M6 GH/ML - intrusive plug at depth
(pasic or ultrabasic bedy).
M5(b) MH/GH - basic plug in the basement
(figs 5.3.2(¢c) and 5.3.1(b) ).
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Qualitative interpretation of the
gravity and Magnetic.anomalies
polarities in the area,

GH

Gravity high; MH

Magnetic highs;

GL

Gravity low; ML Magnetic 1lowe

L}
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Core~hale
yesults {(m)

ADDYON , OVRYX—

Appox. Dasalkt
burden depths (m) thickness (m)

Station Basalt Over- *From +From | *Frem +From
No Thick~ Burden Gravity | Mag- Gravity] Mag~
ness Depth netic netic
288/108 19,2 17.3 - - - -
288/96 .6 20,0 17.6 2174 18.0 22.9
288/92 16,2 19,2 18,9 19.8 177 2.3
288/88 22,0 16,2 171 13.7 25,0 25.5
288/8L, 25%9 1351 17.71 18,3 25,0 21.8
288/80 - - 171 15.2 25.0 26.9
288/76 - - 17.2 15,2 25.0 26,9
288772 - - 171 16.2 25.1 25.9
288/68 - - 16.1 - 25,0 -
288/6Y - - 15,1 13,7 27.0 25,5
G
o e .
2 Q 'r-. ? k? = C?
(30 = +y o © *e ,:
L Cx +* +i e
3 8 | 5 S0
~ - f\_. O:r -
< = © © &
thickn
Table 5.5(a) -~ Basalt and Overburden‘£g1¥9- esses

Control bore-hole sectien,
based on Petert's, 1949,
based on assumption of a Bouguer slab of

infinite herizontal extent

o the
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PROFILE
LINE

COMPUTED
VARIABLES

288

300

30L

316

320

No. of
Samples

15

13

1

g

L

Gravity *

Depth Range

To basalt
(m)

15-50 -
18,87

8.6 - 27-()7‘

o5 3~
30,59

1’-]-0 52"'
36,36

Mean Depth
To Basalt
(m)

17.97

19.43

21,30

20.23

21.52

Standard
Deviation

0.68

5.84

2.b7

2,&1

6.57

No of s
samples

11

12

Magnetic +

Depth Range

to Basalt
(m)

16,56-20,81

1h.,63-22,86

15o 30"‘27:12

12,30~
25.47

1,06~
29.67

Mean Depth
To Basalt
(m)

17.87

19,56

20,62

18,09

19.51

Standard
Deviation

1.54

2.88

3.93

3.86

3.18

Table: 5,5(b)

Compiled depths to Basal ic layer from Gravity

and Magnetics,

A generally higher average

overburden thickness is observed from the gravity

data,

*

+ Dbased on Peter's, 1949

based on infinite horiz. slab approx.
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APPENDIX 5

SURFACE Maximam Maximuam
IR
CLOSURES Source (m) (m)
G1/M1 - 62,7 * 16,6 +
g2/m 162,6  *- 15,0 +
G3 . 71.86 % 17.5 +
M3 _ - 16,0 +
M3(b) 69.3 + 13.8 +
Gh /M2 o 61,1 + 16,8 +
a5/M7 | 65,0 * 17.2
G6/MS 61,9 + 18,1 +
G7 I 70,2 * 22.9  *
G8 ; 76.8 * 17.5 +
G9/Mb - n7.1 * \ 13.7 +
| |
Mean 65,1 + 1.0 16.80 + 1.0
' (Bedrock Depth) -

TABLE 5.5(d) Depths estimated from gravity
and magnetic closures.
* pased on Bott and Smith (1958)
+ Dbased on Peter (1949)
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APPENDIX 6
PROFILE LIONTS OF RANGE OF Average dip
BEDROCK BEDROCK (o)
DEPTH (m) Dip. (o)
L 96 50.6 - 78.0 0,53 - 1.0L 0.72 + 0,28
L 92 52,0 - 100,0 | 0,80 - 3.15 1,65 + 0,31
L 88 52.1 - 85.0 1.02 - 2,10 1.33 + 0,65
Table 6.1: Bedr ck paramters of the Deepest zones
(see figs. 6.1 (a) & 6,1(b) ).
| PROFILE DEPTH (h)
SECTION PROFILE To Source {m)
Length (m)

336/96-88 127.C 4Oy
332/96-88 101.6 32,1l

328/ 114, 3 36.

324/ " 111.8 35,

320/ o 109.2 3%.8

316/ " 121.9 36.8

312/ ™ 1194 38.0

308/ " 1215 38.8
336/88-80 11403 36.%

332/ " 111,8 35.

328/ T8, 3 36.4

2L/ 119.4 38.0

320/ 121.9 38.8

316/ 119.4 38.0

Table 5.6 (e):

Paramete.,s of geolo%ical flexure on the

sharp gravity zone (B); Depth (h) to

centre of semi-infinite horizontal sheet
approximates to base of basalt,
(Telford, et al, 1980, pp 68 - ©&9)
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Fit | »
P:ofile
Eal
Line o o | 0 o -t O (&) . o8 O
@ ol o o e I od o oo
Ccmputed o~ o | oo ™ m ™ m oy £y o
Variables
rumber of — o o o
i ro = = O v — o ~— - (o)
Sanples
e Wy {2 |5 $: 4% A = © "
range of | & | -« ot 24 o ! r:}\ A 21 =
A 0 (8] &d Y ¥ e e ) \rs
Thickness I o o \ 1 i 3 ! o |
~ . . i = L in
{rom Gravie é ;~§ Q = iy b ™ Lo 1".\ e
o O &\ - o
t:‘f (Iﬂ) i — = - — = :: :,__}'
{ .j'fh’l"r.‘&'e 5 M =+ f~— 1 (a5 — O (s8] —
(113 DR g, ey . . - - - - - . -
|‘_.._uctxr.ess ,: g = o o | N a0 o o 1
K '.“I.) od od o o \ -~ ~— \ o —
atandard -
Teviati ol N =] o (o] o o) n
Deviation t‘: \L. k. r‘ k. - . . - -
(;h) o o | gl = = 58 1 =t o
o O ~ = t~ [5a) T2} =t o
;.‘;u'u_-‘e Of ™ - - . - - . - - -
Ladles 1wy fo s o — O ™ [ 2 - g.l
mideess | § D% |3 |3 13 [& |2 [& ] ¢
M i = o Vo (o] o o
from Magnedq < il ! N % 2 . . =
ie o | o [o =1 o) o o mn o
wio (‘m) & — o = . T - ~ — =
pverage
,'” < ; m o| o N = o wn o ¥
Tl a - - . - - - . . -
TiilcKriess 1w 0 ol == C o | o fon)]
( m ) od od od o o o — o™ o : o
atandard
N “"_d“‘? (@] u wmn 0 ™ o an Sa] =
Deviation = o | & = oy 3 &= “Q -1 R,
- - - - - - - - - -
(i."i ) - s'x 0 o aa' N o N (31 un
Correlation
roefficien® .
; “Tf]_'CI 13 3 wn | o o = © o o n -
(Gravi ty/ o | I — @ ) o 0 Vo) )
L] - - - L] - - - - -
lagnetic O = © o © o o o c')
Thickness)
Table 563 STatistital Correlation of e basalt thickness from

Gravity and Magnetics.

thickness is nere

OUs

A generally higher average

"

wved from Magnetics data.
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