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ABSTRACT
Gravity and geological investigations were carried out over
the Zaranda hill situated on the Bauchi Sheet (sheet 149 NW) and
located between latitudes 10° 9-20' N and 10° 25.00" N and between
longitudes 9° 26.00' E and 9° 45.00' E. The investigations were
aimed at a detailed analysis of a magnetic low centred on the area
on the aeromagnetic total magnetic intensity map of the Bauchi area.
Petrographic, density, structural and chemical analysis
based on X-ray fluorescopy were carried out on the samples in
addition to field measurements. These analysis show that:

(a) The major structural trend of the units in the complex
is NNE - SV and these dip steeply with values ranging
from 75° to 90°.

(b) There are at least five maor rock types in the survey
area and the Zaranda complex has four recognizable
units which intruded the Precambrian crystalline
basement made up of gneisses and migmatites. These are:
(1) the precaldera trachyte
(i) the faylite-bearing hornblende syenite
(iii) the porphyritic granite; and
(iv) basic rocks of intermediate group with some

extrusives

In addition, widespread occurrences of muscovite-biotite

older granite were observed in the vicinity of the complex. The
units are emplaced in a ring-like structure with the older precaldera
trachyte at the core and the syenite and granite porphyry emplaced
later. The basic rocks form the outermost ring and are emplaced

at some distance from the other units.



Anal ysis of the gravity data shows that Bouguer anonalies
ranging from-433 g.u. to - 613g.u. with predomnant NNE - SSW
trending axes lie in the area and that over the conpl ex a residua
anonaly of the range from-20 to -106 g.u, exist. The main
residual anomaly of -106 g.u. trending NNE - SSWis flanked by
relatively positive residual anonalies ranging from-10 to 52 g.u
on the eastern, southern and sout hwestern mnargins.

Interpretation of the gravity anonalies using two and three-
di mensi onal nodel s indicate that the Zaranda conpl ex is a tabul ar
6yeniti c body which extends to a depth of about 5.5 kmwith a
central mass of trachytic rock extending to a depth of about
2.5 km The positive anonalies formng a ring structure were
nodel  ed as shal | ow tabul ar basic intrusions.

The gravity and geol ogi cal investigations correlate well.
The low gravity anonalies correspond to areas underlain by acid
rocks while those areas underlain by the basic rocks have positive
anonal i es.

The ring-like structure of the Zaranda conpl ex and the
enpl acenent of the basic dykes gave rise to the existence of
natural aquifers which could further be investigated. Qccurrences
of kaolinite pits were found in snall anounts, but the existence

of large occurrence could al so be investigated.
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CHAPTER ONE - GENERAL REVIEW

1.1 INTRODUCTICN

The Nigerian Younger Granite province (fig. 1) occupies
an area of about 22,000 kmz, covers the greater portion of the
central region of Northern Nigeria and pinches out into the Niger
Republic. The region occupies an enviable position in the history
of solid mineral exploration and exploitation. Cassiterite,
columbite and a variety of other valuable minerals have been mined
in the Jos area (fig. 1) for the past five decades. Minor
occurrences of cassiteriteare known throughout the region.

The economic consideration is not the only driving force
behind the much geophysical work in the area over the years. The
peculiar mechanisms of intrusion of the various individual complexes
which has been essentially that of ring-dyke formation, faulting
and cauldron subsidence (Ajakaiye, 197L) have added much zeal to
the determination by many workers to carry out more detailed investigation
in the province.

Since the province, in general, consists of both eiposed and
buried individual complexes (Ajakaiye, 198l), it offers a lot of

potential for more economic minerals yet undiscovered.
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1.2 PREVIOUS GEOPHYSICAL AND GEOLOGICAL WORK

The Younger Granite province has, in comparison with other
geological provinces of Nigeria, witnessed the greatest amount
of gco;ahysic.al and geological work. The Geological Survey of
Nigeria (GSN), in the period 1974 - 1980, carried out airborne
magnetic survey covering the whole of Nigeria. Other individuals,
organizations and research groups have also contributed a lot in
carrying out research in the region. Among these investigations are
gravity surveys (Ajakaiye,1968, 1970, 1975, 1976), (Ajakaiye and
Burke, 1973), (Ajakaiye and Sweeney, 197.), (Verheijen and
Ajakaiye, 1980). Also recent work has been done on the magnetic
interpretation of the aeromagnetic data in the region (Ajakaiye,
1981 personal communication).

Most of these geophysical investigations have been supple-~
mented by detailed and systematic geological mapping. Such work
includes (Okezie, 1964; Oyawoye, 1968; Turner, 1976; Wright, 1976;

Bowden and Turner,19743;Bowden et al, 1981).



8 LOCATION, ACCESSIBILITY, AIM AND SCOPE
QOF PRESENT STUDY

Most of the individual complexes have been located and although
these are not exposed in the majority of cases, further investi-
gations need to be carried out to locate them (Ajakaiye, 1981).
Consequently, based on preliminary magnetic interpretation of the
G.S.N. aeromagnetic data of 1974 - 1980 (Ajakaiye, 1981, fig. 1)
several anomalies were identified. One of these anomalies lies
over the Zaranda complex.

The aim of the present work is to carry ocut a more detailed
combination of gravity and geological surveys over and around the
Zaranda complex located on the total field aeromagnetic map as a
prominent low (fig 2). The field work lasted from August, 1981
until March, 1982.

On the total field aeromagnetic map of Sheet 149 (Bauchi)
of GSN and based on 1:100,000 scale, the anomaly occupies the
southern portion of the NW quadrant. It is located west of Bauchi
and in the eastern corner of the Nigerian Younger granite province
(fig 1) and is the only prominent hill in the area which rises over
1,200m above sea level or about 770m above the surrounding landscape.
The area investigated lies between latitudes 10° 9.20' N and 10°
25.00' N and between 9° 26.00' E and 9° L5' E. The outcrop of the
complex occupies an area of about 100 kmz. The area is moderately
accessible by motorable roads and paths run through the entire
area (fig 3). On the extreme north of the area is the Ningi-Burra
complex; on the east is the Bauchi complex and on the far west

is the Kwandonkaya complex (fig 1).






CHAPTER TWO

GEQLOGY

?el .- INTRODUCTION

Gravity anomalies are as a result of density contrast between

anomalous bodies and their host rocks. Densities of rocks and .
other masses, in turn, depend on their chemical and mineralogical

composition. This is the basis of the geological investigation;

The Zaranda Younger Granite complex occupies an area of about

100 kn® and stands out as a topographic high north of Jos-Bauchi

road (fig 4).

R % GENERAL GEQOLOGY

Based on field appearance and density determination of the
roék samples, the Zaranda complex is sub-divided into five rock
units as shown in fig 3. These are the following, with unit (a)
the oldest, and unit (e) the youngest and outermost:

(a) Precaldera aphyric trachyte

(b} Fayalite-bearing hornblende syenite

(¢} Porphyritic granite

(d) Olivine basalt

{e) Dolerite
The central and flat top of the hill consists of aphyric trachyte.
This is surrounded by the syenite. The syenite is, in turn,
fringed on the northern and southern margins of the complex by the_
porphyritic granite. The complex is bordered on the eastern,
western and southern sections by basic units (d) and (e}, basalts

angd dolerites,
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G
Minor occurrences of ultramafic rock were noted throughout the

southern parts of the complex border with the host migmatitic

gneiss.,

They stand out as noticeable dark green mounds of about

0.5m high and diameters ranging from 0.2m to 1.0m. They are

interpreted as included rocks, not part of the complex.

The host rock into which the Zaranda complex intruded consists

of older muscovite-biotite granite, granite and migmatitic gneisses.

2,3

MEGASCOPIC AND PETROGRAPHIC STUDY OF ROCK UNITS

2.3.1 Migmatitic Gneiss

The migmatitic gneiss is the main host rock of the
Zaranda complex (Oyawoye, 1968) and occupies about one-half
of the survey area (fig 3). Results of a study of 12 sections
identified the major mineral phases as shown in appendix I\.
Also the result of megascopic study is shown in appendix I.
The migmatitic gneiss bears the imprint of at least two
tectonometamorphic cycles. Firstly, the unit is folded,
jointed and banded. Secondly it is metamorphosed to at
least medium grade of regional progressive metamorphism,
Petrographically, the mineral association shown in appendix II,
the structures shown in plate I and plagioclasse (An35 - ““50)’
indicate that the migmatitic gneiss is of medium grade of
regional metamorphism (fig 5). The metamorphism would
therefore have had a temperature of at least 450° C and at
most 900° C, and a pressure of between 0.35 and 0.65 GPa

(Pf). (Turner, 1968; Mason, 1978) (fig 6.
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243.2 The Older Muscovite-biotite Granite

The position of this unit is shown in fig 3. The
samples were weathered and a detailed megascopic study was
done. However, results of petrographic study is shown in
appendix II1. Plate 2 shows the photomicrograph of the unit.
2.3.3 Precaldera Aphyric Trachyte

This rock unit occupies the central region of the
exposed area of the complex and extends to over Zkm ir
diameter (fig 3 ). The rock is dark in appearance with
lath-shaped sanidine crystals (7mm x 2mm). Under the
microscope, it contains prominent growths of sanidine prisms
in a ground mass of oxides, feldspar and smaller sanidine
crystals in glass (plate 3). Flow structures are delineated
by more or less parallel grains of feldspar. Essentially,
the texture is glassy-trachytic. A typical section of the
trachyte is shown in appendix II and the megascopic
result is shown in appendix I.

2.3.4 Fayalite-bearing Hornblende Syenite

This major rock unit (b) is over one-half of the
exposed portion of the Zaranda complex (fig 3). It forms
a ring-like structure around the older trachyte and contains
the moon-shaped porphyry granite. It is light to grey in
colour and has variable quartz content noticeable in hand
specimen. Results of the megascopic study is shown in
appendix I.

Oyawoye (1968) drew attention to the distinction

1z



between fayalite, syenite and hornblende granite in the
Zaranda complex on the basis of bimodal quartz content,
Moorhouse {1959), Soliman (1982) have also drawn attention
to the existence of two types of syenites based on coler
index. Turner (1976) and Oyawoye (1968} recognized the
variation in perthite, quartz, amphibole and dark mineral
content in syenites in the Younger Granite province. In
leucocratic syenites, quartz {(10%) and perthites predominate
over mafic minerals. In melanocratic ones, amphiboles and
oxides predominate over perthites and quartz (7%).

Turner  (1976) also maintained that in quartz-rich
syenites, quartz may be present up to 15%, thus having the
same composition as granite. Turner (1975} recognized the
existence of syenites as marginal facies of biotite granites
in the Younger Granite province. Turner (1976) describes
‘the syenite of the Younger Granite province as having a
granular texture, and a gradient into porphyritic texture
which is typical of the leucocratic syenites. The Zaranda
complex syenites with guartz content ranging from 7 - 15%
and texture very similar to the leucocratic and melanocratic
syenites, thus conform to the syenites from the Younger
Granite province. The results of the petrographic study is
shown in appendix II and the photo micrograph of the two
varieties of syenite are shown in plate L..

Both the leucocratic and melanocratic syenites contain

hornblende and fayalite. Large feldspar grains in some
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samples grade some of the syenites fowards porphyritic
{Raharmun,1976). This is typical of syenites of the province
in general and of the Zaranda complex in particular.

The slight difference in mineralogy is reflected

- in the density values obtained for the two varieties of

-_.syenite; {(2.64 x 10° kgmﬂj) and (2.60 x 107 kgm_B) for the
- melanocratic and leucocratic varieties respectively.
Perthite is common in all samples.

2.3.5 Granite Porphyry

This rock unit is exposed in a ring-like fashion
-almost around the syenite but in most cases it is included
in the latter and has sharp contacts with it. It forms two
moon-like structures (fig 3). In hand specimen, the rock
is mainly feldspar with some minor quartz intergrowths of
size range imm to over 3em. Blades of mica are randomly:'

distributed. Tourmaline is rare and patches of pegmatite are rare.

2.3.6 Late Intrusive Rocks

2.3.6,1 Introduction

The rock units in the Zaranda complex and the host
migmatitic gneiss as well as the older granite have been
intruded by late basic dykes of varying chemical and
mineralogical composition. These basic dykes form more or
less ring-like structures which range in size from lkm to
1.5km in outcrop width and stretching to over 7km. Some of
these are exposed at distances ranging from 0,0 tg 5km

from the previous rock units comprising trachyte, syenite
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and granite porphyry (fig 3). Differences in colour index,

mineralogy and structure indicate three types of basic
intrusive rock units as given in fig. 3 sand explained
below:

2.3.6.2 0livine Basalt

This rock unit is exposed on the south-eastern
and southern portions of the main Zaranda complex (fig 3)
at distances ranging O0.Okan to 5km from the outline of the
complex. The general trend is NNE ~ SSW and outecrops are made
of isolated but parallel strings of dark dykes.

Under the miceroscope (Plate 5) phenocryts of olivine
and laths of laboradoralite are set in a groundmass of smaller
olivine grains, augite, feldspar and iron oxide.

| (ne outcrop shows the contact relationship between
the dyke and the syenite at the southern end of the complex
{Plate 5, fig 3). The unit predominates over the other basic
rocks in the survey area and forms a section of the late ring
dyke around the complex.

2,3.6.2 The Zull Dolerite

At about iLkm south of the complex and near a small
village called Zull (fig 3) is a low~lying outcrop of dark
rock which trends 260° azimuth., The outcrop is approximately
600m wide and extends in 260° direction for nearly 3km.

Texturally, it is fine to medium grained with
faintly visible feldspar laths. Green tints of olivine

give the characteristic green colour to the hand specimen.



Under the microscope (Plate 7) laths of andesine
and laboradorite are set in a groundmass of augite, olivine,
iron oxide and smaller feldspar laths., At the location
of the outecrop (Zull), the rock appears to have
intruded the host rock (migmatitic gneiss (fig 3). The
result of model analysis is given in Appendix I1.

2.3.6.L Zaranda Caleitic Basalt

Right in Zaranda village, a lensoid body of
basaltic rock carrying large phenocrysts of calcite (over
3em in width) trends N - S. (fig 3 ). The width of the
outcrop is over 250m and is approximately 3km in length.
The rock is fine-grained and dark in colour with occasional
rims of brown material surrounding the calite crystals.

Under the microscope (Plate 8) the phenocrysts
are quartz (2%) and calcite (98%4). A photo micrograph of
a section across one of the calcite-bearing samples is shown
in the plate. The groundmass of iron oxide, augite and minor
olivine is seen around laths of sanidine and laboradorite.
This mineral association suggests a rock of basaltic com-
position. The presence of calcite is probably due to a
carbonate-rich melt which accompanied the crystalization
and fractionation of the basaltic magma.

The quartz grain exhibits marked wavy extinction
(Plate 8), which is indicative of a possible forceful injecti

of a carbonate-rich melt of a very hot material (Moorhouse,

1959).
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2.3.7 The Amphibolite

A11 over the border region between the syenite
and the host rock, small mounds of dark green rock
consisting mainly of green minerals are found. They
are not in mappabie units. |

Under the microscope, large blades of green
hornblende (over 904) are found associated with
euhedral grains of sphene (Flate 9). Also prominent

strands of serpentine are readily identifiable.

CHEMICAL ANALYSIS

Chemical analysis was carried out on five samples of the major

rocks by X-raying fluorescence analysis (Table I). The analysis

shows that:

(a)

(b)

The trachyte k_ has over 90% low density oxides,

3
mainly A1.0,, 519, K,0, Naj0, Ca0 and P,0, and less
than 10% high density oxides; F3203+ Fe0, Mg0, MnO

and TiO2. The preponderance of low density oxides
results in a comparatively low density value of the

order of 2.56 x 107 kgm >

for the trachyte.

The two varieties of syenite (k, and kz) have nearly
the same chemical composition. The values are similar
for (A1203+5102) and (F3203+Fe0). The slight
variation in density between the leucc and melano-

cratic varieties is probably due to difference of

ahout 0.07% Fe20j+Fe0 and 0,03% MnO variation (Table 1).



TABLE 1

Chemical report on rock tyoes of the Zaranda complex

Sample No Kl Kp Kg_ Ky KS Kﬁ
5102 6L.58 67.72 66,88 L7.06| LL.87 5Lel5
AL 04 15.0L 12.80 14.96 13.89| 13.27 13.64
F3203 + FeO 6.08 6.01 L.95 10,52 | 13.00 13.18
Mg0 0.05 0.05 0.05 11.23| 13.91 77
Cal 1,32 0.75 0.26 8.12 7717 Le95
Na 0 6.17 5. 58 6.12 3.02 1.84 3. 52
K0 5. 50 L.93 L.79 1.53 2.07 3.07
Ti0, 0.40 0.41 0.29 1.57 1.96 1.55
PO, 0.02 0.00 0.00 0.43 0.45 N.D.
MnO 0.18 0.15 0.12 0.16 0.20 0.18
Total 99.32 98.00 98.42 97.53 | 99.34 96,01

ALL values in % amount.
N.D. not determined

Kq Leucocratic syenite
Ko Melanocratic syenite

KB Aphyric trachyte

Analyst: K.

Department of Earth Sciences

Dolerite
K5 Olivine basalt
K¢ Calcite-bearing basalt

University of Manitoba
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The variation in the amounts of hornblende and
olivine are the main sources of this variation in
density of about 0.04x10° kgrn-3 between k; and k..
Fe205+F002 values for the leucocratic and melano-
cratic syenites are 6.01% and 6.08% respectively. On
the basis of this variation, both varieties were
assumed to be one rock unit,

The dolerite and basalts also have only minor

differences in some oxide amounts (kh and k., Table 1).

59
The olivine basalt has slightly more (F3203+Feo),

but both the olivine basalt and the dolerite have
nearly the same Ca0 content because they have similar
amounts of plagioclase. The relatively higher values
of (Fe20j+FeO), Mg0 and Ti0, and the concentrations
of 5iQ,, K20 and Nazo, contribute to the higher

3 and 2.87x10° kem™

density values of 2.92x10° kgm~
for the dolerite and olivine basalt respectively.
On the other hand, the calcitic basalt of the Zaranda
village, (ké, Table 1) with low MgO content, high
5i0 Na20 and K20 contents, has comparatively lower
3

2!

density value of 2.78x10° kgm ~. The 510, value of

5&.15‘ is considered high for normal basalts. The

K20+Na O value is less compared to the values for

2

kL and k5 but comparable to the figures for kl

These chemical results relate well to both the density

and k .

values and the gravity anomalies over the trachyte,

syenite and the basic rocks as discussed in Chapter 5.



2.4k.1. Comparison with chemical results from other areac

of the Younger Granite province

Bowden and Turner (1974) presented a geochemical report
on the rocks of the Younger Granite province. The result on biotite
and riebeckite granites are shown in Table 2. Wright (1976)
(Table 3) analyzed the trachyte from the Filia area in the province
which has a mean density of 2.L73103 kgm'B. The higher density
of the Zaranda trachyte is probably due to greater values of Ti02

and (Fe20j+F30) (Table 1). However, the values of 2.L7x103 kgm™>

20

and 2.56x103 kgr.rn"3 for the Filia and Zaranda trachytes respectively,

fall within the range of trachyte densities for the province
(Ajakaiye, 1970).

Similar comparisons have been made for the basalts and
dolerite. (Table L). The olivine basalt has the characteristics
of the Biu basalt. A Ti0, - 510, plot (Fig 7) for the basalts and
dolerites shows that the basic rocks of the Zaranda complex are
subalkaline, but with the olivine basalt tending towards alkaline
suite similar to those of Longuda, Biu and Tula areas of the
province. Also the plot shows that the calcite-bearing basalt is
probably alkaline.

This result was therefore found to be related to the prox-
imity of the basic rocks to the main complex. While the olivine
basalt which plots near the alkaline end and outcron nearer
the alkaline Zaranda syenite (Oyawoye, 1968;Bowdenand Turner 1974 )
the dolerite and calcite-basalt which ocutcrop farther away from

the complex plot far away from the alkaline-subalkaline border in
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Comparison between chemical analysis of biotite and riebeckite granites
of the Younger Granite vrovince and the syenites of the Zaranda complex
Oxides A B C D E F Kl K2
5102 76.50 T30 71.60 70,10} . 75.50 75.90 6L. 58 &7.72
AL203 11.60 11. 47 13.54 16,98 13.62 12,71 15.Q4 12.80
Fe203 + Fel 2.43 2.72 2.90 2.43 1..,8 1.60 6.08 6.01
MgO 0.01 0.08 0.01 0,01 0.18 0.16 0.05 0.05
Cal 0.25 0.32 0.01 0.72| - o0.08 0.03 1.32 0.75
 Na,0 3.77 5,28 6.79 3.57 Le 57 3.72 6.17 5. 58
K0 L.97 4.38 3.79 5.56 Lo 77 L50 5.50 L.93
H,0* 0.28 0.43 0.37 C.26 0.21 0.24 ——- -—
p HXT 0.20 0.08 0.01 0.05 0.05 0.09 — —
co, - _— — _— — _— —
T102 0.14 0.13 0.23 0.26 0.06 0.10 0.40 0.41
P,0; T, 0.02 | T, 0.03 T, T, 0.02] T,
MnO 0.05 0.01 0.07 0.03 0.02 T, 0.18 0.15
Total % Oxide | 100.20 | 9934 {9932 [ 9974 | 100404 | 99-00 | 99.3 | 98.20
P e e e s e

T.: trace amount
— Not determined
p A Liruei riebeckite granite
B and C: Liruei albite-riebeckite granite

D Jos biotite granite

E Parkshin biotite granite

F s Liruei blotite granite

Zaranda fayalite-hormblende syenite
Zaranda qQuartz-hornblende syenite

A1l values in wt. %
(Data A - F from Bowden and Turner, 1974)



TABLE 3

Chemical relationship between Zaranda and Filiya trachytes

Oxide A¥ Kq
810, 58,87 66,88
,anJJzo3 18.77 14.96
Fe 0, + Fe0 L. 6L L.95
MgO 0.39 0.05
Ca0 1.66 0.26
Nazo 7.68 6,12
K0 5.22 L.79
H,0* 2.33 —
H,0~ 0.17 ——
co, — —
Ti0, 0.20 0.29
P205 0.09
MnO 0.20 0.12
Ba0 0.0L —
Total 100.26 98,42

All values in wt. %

A*: Trachyte plug, 5km north of Filiya (Data from
Wright, 1976)

K.: Trachyte bedy from Zaranda complex

2



Comparison between chemical composition of the Nigerian basalts and

TABLE L

those of the Zaranda complex

Oxides 1 2 3 8 5 KL K5 K_b
AL203 15.99 16.58 13.95 16.L6 18.45 13.89 13.27 13.6L
Fezo3 + FeO 11.34 10.39 11.79 11.12 12.23 10,52 13.00 13.18
MgO 7.00 8.26 10.13 7.90 5 54 13.43 13.91 1.77
Ca0 9.83 9.11 10.61 10,22 8.93 8.12 77T Le95
Na20 L.39 2,50 3.71 3.83 3.87 3.02 1.8, 3.52
K0 1.84 1.93 1.54 0.56 1.85 1.53 2,07 3.07
H,0* 1.94 2.19 0.62 1.22 1.20 — —_ —
H20' 0.27 0.57 0.43 0.40 0.46 - -— —
602 0.00 i v g Q.15 Tr T _— — J—
TiO2 2.43 1.87 2.29 2.61 2,13 1.57 1.96 1.55
P205 0.83 0.73 0.92 0.28 0.52 0.43 0.45 _—
MnO 0.19 0.18 0.21 0.17 0.20 0.16 0.20 0.18
Total Wt % 100.64 | 100.09 | 100.20 | 100.63 99.82
1 Plug, near Tula junction, Gombe-Numan road
2 Lava, Biu plateau
3 Lava, north of Biu plateau
L Top of Chikila Lawa, Longuda plateau
5 Basal Lava, Chikila, Longuda plateau
Kh Dolerite, Zull village, Jos-Bauchi road
K Basal Lava (olivine basalt) base of Zaranda complex
L9 Calcite-bearing basalt, Zaranda village
—-— Not, determined
Tr 3 trace amount

All values in wt ¢
(Data 1 - 5 from Wright, 1976)
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thg TiO2 - S:'LO2 diagram,

It is thus concluded that the events that led to the emplace-
ment bf both the dolerite and calcite-bearing basalt are probably
the same as that of the Zaranda complex judging from chemistry of
these units, and the nearly equal distance of both the dolerite
.~ and the calcite-bearing basalt from the complex {(fig 3).

A summary of the mineralogy of igneous rocks shown in
fig 8 shows that the rocks of the Zaranda complex can be grouped
in two rock families: )

(a) the ultramafic-gabbro-basalt

{b) the granite~-syenite-trachyte-rhyolite. _

Based on mineralogy and chemical analysis, Oyawoye {1968)
assigned the name hornblende granite to what Turner (1976) gave
quartz syenite. This difference arises from the guartz content
and the variation in amount of ferromagnesian minerals. However,

a quartz mode of about 15%, olivine and more hornblende than
normative amount makes the main rock unit syenite than granite.
Hornblende predominates over quartz which is normative and the
presence of olivine in nearly all samples grades the syenite out of

the granite member.

Based on mineral association, the various rock units have been grouped
under definite fields based on volume percent of minerals (fig 8).
These are: ( i) Amphibolite-dolerite-basalt
(ii) Syenite~-trachyte~porphyry

2.5 STRUCTURAL GEOLOGY

The Zaranda complex intruded the host migmatitic

gneiss, gneiss and older muscovite granite in a ring-like
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structure. Consequently, major and minor struétural features

were observed and their attitudes measured in the field. -

These features include feolds and joints.

2.5.1 Folds

The complex has not been affected by any

noticeable folding as the host migmatitic gneiss. :

Although the late basic intrusions affected the

syenite, the effect was only interpreted as minor

contact metamorphism due, possibly, to high temperature

and to minor folds.

Mincr and major joints were observed on the

host gneiss and t-hese indicate at least two tectonic

events:

(1)

the regional movement that led to the
emplacement of the older granites must
have resulted in folding and low grade
metamorphism of pre-existing basic rocks;
the emplacement of the Zaranda complex
led to a higher grade of metamorphism

as depicted by the presence of horn-
blende (plate ! ). Also the increased
metamorphism must have intensified

the folding in the host rock, thus
upgrading the phase to that of

amphibolite (Mason 1978).



2,5.2 Jointe

Joints, in general, are evidence of contractive or tensile
forces in operation in any geologiczl environment, Mzjor joints
trend in the direction of a major rock unit while minor ones
trend more or less perpendicularly to the major ones (Ragan,1973).

| ingular relationships of joints and other planar features
can be determined more readily if a sphere is constructed
centered a2t some point O (fig. 9a) and whose plane includes the
center point O. A given joint observed as . 17, ¢: +he su-f._e
but represented as a plane below the surface is projected ..+,
the inner surface of the sphere, This is spherical projectien
and must be represented in two dimensions,

Prectically all peirts on the lower rart of the srest circle
representing the plene are projected to the horizontal plane of
the hzlf sphere by joining them to the zenithal point P. Such
projection yields an arc such as ebed (fig. Sb). Thus a series
of pointe and lines are plotted on the horizontal great circle.
The methed of plotting this great circle is known zs the stereo-
graphic projection 2nd the figure drawn on this cardinal compass
direction is a stereogram. L great circle on the stereogram is
a2 great circle on the sphere thus permitting the construection
of ;ny plane representing a structure on an outcrop.

4 further advantarge of this projection is the representation
of 2 plane by a point thus reducins the dimensions of the plot
by one more, For every plane, there is & unicue line normal to
the plane, called the pole of the plane, This line intersects
the hemisphere at & point in the opposite guadrant and ie 90°

to the plane; therefore from the grezt circle, a trace count

of 90* from the right to the left along the east-west diameter

28
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gives the locetion cf the pole of the plane and thus of the joint
measured in the field. For a structure with a strike N 30° g and
dip LO® SE, the pole is illustrated in fig.9c.

It is often useful to represent & set of structures measured
in the field by plotting their rance of values end the corres-
ponding frequencies in a circle. A range of strike values, N--20° ,
21°=— LO- etey are chosen and merked on z circle of & suitable radiue.
Frequencies of joint values in these ranges ere plotted ,jeng these’
ranges starting from the center of the circle. The resulting figure
is known as the rose diagram, It is useful in estimating the resultant
trend of a set of m:zjor structures on outcrops. The rose is usuzlly
extended in the opposite direction for clarity.

Results of measurements of major Joints in the migmatitic gneiss
are listed on Table 5§ and the polar plots are shown in fig. %d.
knalysis of these data shows that most of the major jeints are nearly
vertical and trend in the NNE-S5W direction, Similarly, a rose éia=-
gram of the major joints in the host rock is also NNW~SSE. Measure-
ments of major joints in the central trachyte body (Table 7) and
subseouent polar and rose plots based on these readings (figs. 11
& 12), indicate that the major trend is NNE-SSW. Being the oldest
unit in the complex, its emplccement may have been controlled by
structures pre-existing in the host mismatitic gneiss,

The observed minor joints in the area probably resulted from

later tectonic events that presumably tcok place in the survey area



Joint readings from the host migmatitic gneiss

TABLE 5

Joint Type Strike Dip Dip Direction Frequency
Major N 90° — 1
N 20 E 90° — 15
N 30 E 759 330° 15
N 30 E 90° — 5
N 35 E gs° 300° 3
N35E 90° —— 15
LO E 80° 315° 10
N LO E 90° — 15
N 60 E 75° 295° 1
Minor S 80 E 90° —- 1
S 8 E 750 2000 19
S 30 E 75° 210° 25
S 5E 70° 195° 10
S 5E 80° 200° 5
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Fig9 Stereographic polar plots of major and minor
joints on the migmatitic gneiss.




TABLE 6 »

Freguency distribution of joints on the host migmatitic gneiss

Joint Type Strike Interval Frequency
Major N - N 20CE 15
N 21°E - N LO°E 58
N L1°E - N 60°E 1
N 61°E - N 80°E 0
Minor N 61°E - N 80°E 0
N 81°E - 5 80°E 20
5 81°E - 5 60°E
s 61°E - 5 4O°E 0
S L1°E - 5 20°E
S 20°E - 5 15
TABLE 7
Frequency distribution of major joints on the aphyric
trachyte
Strike Interval Frequency
N - N 20°E 3
N 21°E - N LOCE 29
N 11°E - N &°E 0
N 61°E - N &0°E 0
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( Plols of frequency values along strike interval directions)



aem = Freq.of 30

.. 3

WPasme mwisad sime =

Fig 1

Rose

diogrom of major joinis on the aphyric

trachyte.




34

TaMns)  9ukyde 2y uo sjuiol jo sjojd sojod Jiydosboaaig
S 26y

ajod
jupi|nsad e

sajod *



1 . - 3 f‘ ‘
 after the emplacement of the complex and other move-

ments that probably resulted from physical processes
such as weathering, faulting and minor felding of
major structural units in the survey area., In general
there is little or no correlétion between the observed
major and minor joints. In the majority of cases,
the trend of the observed minor joints are nearly
perpendicular to those of the major ones (fig. 10).
Conclusively, structural plots of data from
the Zaranda complex and host migmatitic gneiss show
striking similarities in their general trend which
can only be interpreted as common structural features

to these two major rock units.

2.6 HYDROGEOLOGY
Two major features which control the groundwater

- potentials of the survey area are:

{a) state of weathering of the various rock types;
{b) structure and location of the basic intrusive
dykes,

From existing band-dug wells in the area, the weatheréd
portions of the migmatitic gneiss constitute the main water- E
bearing zones. In the vicinity of Zull, Geji and Hadam- : i
balamba (fig. 3), the weathering depth is as much as 1&m. l

In general, the rocks in these areas are porous and

greatly weathered. Wherever the Zaranda complex rock units



outcrop over seemingly flat region such as in Bolu and
Zaranda Harbe areas, there are always water problems. A good
example of the structure of the aquifers in the vieinity

of the complex is shown in fig. 13. The basic dyke exposed
at Zull (fig. 3) confines the run-off from the complex and
the migmatitic gneiss. Consequently, underground water is
abundant on both the northern and southern sections of the
exposed rock.

Data from the well at Zull shows that water level is
8m below the surface in a well that is 25m deep. North of
Zull, perenial ponds exist due also to the impervious action
of the dolerite at Zull.

The presence of abunaant and good water in the area
south of the complex and north of Zull and in few other
areas such as Zaranda, places them as possible areas for

further water investigation.

2.7 ECONOMIC GEOLOGY

Mineral associations in any rock units have been
used as indices for predicting economic mineral deposits ane
their - trends. Syenites and granites in the Younger Granite
series often contain intergrowths of quartz and associated
wolframite, cassiterite and beryl (Ajakaiye, 1974); (Soliman
1982). Banke and Liruei complexes are examples of such
associations (Ajakaiye, 1970, 1974). In W. Australia, tin
deposits and iron ore are associated with syenites and granites,
although the chemistry of such association is not clear

(Blockley, 1980). Also the occurrence of basic or ultra-
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basic rocks is a guide to the integraied explofation fo;
' asbestos (Blockley,1980; Onyeagocha, 1979). These observations
could be applied to the rock and mineral associations of the |
Zaranda cﬁmplex where syenites, basic and ultrabasic rocks
- co~exist.
| In Hadambalamba and Chali, minor occurrences of
kaolinite pits weré noticed; some have dimensicns ranging
from 1 ~ 5m and 10m wide. The existence of such pits and
widespread occurrence of potassium pegmatite dykes sustains
some local potteries in these\villages.

A much more extensive occurrence of koalinite and

potasium pegmatite may exist but needs further investigation.

2,8  GEOLOGICAL HISTORY
| | Rocks of the survey areaz have been considered under
two main divisions: |
{ 1) the Pre-Cambrian crystalline baéement com—
prising the migmatitic gneiss, older granite
and granite gnelss;
{1i) the Jurassic Younger Granite rocks made up
~ of syenite, trachyte, basic rocks granite
porphyry and minor occurrences of amphi-
bolitic rock,
It would appear that at least two major tectonic
events have taken place in the area, Turner C(197%)

maintained that older rocks of probable basic origin were
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sﬁbjected to low=-grade metamorphiém during the emplacement
of older granites. These low grade metamorphosed rock; i
were probably re-mobilized during the Pan African and
Jurassic periods. The imprints of such episodes are aften
manifested as folded bands, microfaulting and the vnresence
of amphibelitic material (Bowden and Turner,197L)

In the survey area, an unmappable rock unit containing
over 80% amphibole exist which indicates that the complex
is probably underlain by ultrabasic rock. The amphibole's
- presence may also indicate metamorphism of a parent basic

L}

rock (Turner, 1976; Mason, 1978).



CHAPTER THREE

FIELD PROCEDURES AND INSTHRUMENTATICN

3;1 " Bases For The Gravity Survey |

| All geophysical survey techniques are based on the fact that exist
exizst. some spatial variation of physical parameters between areas of interest
and that of non-interest. However, the size or magnitude of suéh
contrast evidently determines the suitability and success achieved
in employing a given method. Some of these contrasts include density
contrast, susceptibility contrast, etc., which are used in conven-
tional geophysical techniques.

Gravity surveys have been used to locate both buried and
exposed Younger Granite bodies, clay deposits, buried water channels
and disseminated ores because of pronounced density contrasts
existing between these bodies and their host rocks. A recent

" Anterpretation of the magnetic anomalies over the Nigerian Younger
Granite complexes (Ajakaiye, 198l), has pinpointed various exposed
and buried anomalies suitable for further detailed groundwork.

A careful study of the density measurements over the Younger Grénite
province (Ajakaiye, 1970) also indicate that the intrusions in the
region have distinct density contrast of the order of about

0.06x10° kgm™> in relation to the host crystalline basement. The
result of gravity survey carried out by Ajakaiye (1968, 1970, 1974,
1975, 1981) correlate with the magnetic interpretation in the

province.

Lo
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Bott (1953) suggested that buried and exposed acid intrusions
have negative gravity anomalies because of their low density in
comparison with the denser host rocks (basement or metasedimentary).
Also, Gustaf (1967) confirmed that negative Bougver anomaly over
granite intrusions is interpreted as being caused by low density
rock compared to the denser country rock. He found that a density
contrast of about O.Ci'?xlO3 kgm'3 existed between such bodies. These
values of density contrast are very comparable to a value of
0.06x10° kgn™> obtained by Ajakaiye (1970) over the Younger Granite
province of Northern Nigeria.

The Zaranda complex is believed to be one of the expecsed
Younger Granite intrusions of Nigeria (Okezie, 196L; Oyawoye,
1968; Ajakaiye and Burke 1973; Turner 1976). Thus the choice of
gravity survey as one of the prime methods in this investigation
is in line with earlier gravity surveys over exposed and unexposed
acid intrusions.

Surface features of most of the Younger Granite complexes,
chemical composition, mineralogical and petrographic significance
are best documented through systematic and comprehensive geological
mapping and analysis of results. Consequently, the gravity survey
has been accompanied by background geological investigation to aid

in the quantitative interpretation of the gravity survey.

3.2 Instrumentation

In the survey, a standard Worden gravity meter model No. 135

was used. The instrument has a scale constant of 0.92 6.g.u./div.



. and an accuracy of + 1.0 g.ﬁ. for readihgs less than 25,000 g.u.
Prior to the fieldwork, the gravity meter was mounted on a solid
slab and observed for three consecutive days at l5minute intervals
lasting between 06.30 hours and 19.30 hours {normal fieldwork
period). During the actual fieldwork, the instrument was similarly
observed and drift curves were plotted (fig. 14).

Prior to the fieldwork, a maximum drift of 0.09 g,u./hour
was recorded, but this increased to 0.11 g.u./hour during the
fieldwork. The manufacturer's estimated drift of + 3.0 g.u./hour
is higher than the drift values obtained during the survey.
Gravimeter drifts result from creep in the spring eiements, Lem-
perature fluctuation, sudden jarring and vibration and the observed
diurnal drift is a combination of these factors, The main cause -
of gradual inerease in scale reading for a given station is coften
due to vibration. The observed daily drift curves for the duration
of the survey show striking similarities (figs. i4a and b).

In normal gravity surveys, the elevations of gravity stations
 are usually determined by geodetic levelling but due to the constraints
posed by equipment, time and crew, two Wallace and Tiernan altimeters
Model No, FA 181 with scale factors of 3,05m/division were used to
determine the elevations of gravity stations. Essentially, an
altimeter is an aneroid barometer which usually measures pressuré,

but because a normal barometer operates on the principle of pressure

' variation with elevation, it is calibrated by the manufacturers to

give relative elevations. Alsc the pressure variation depends on
gravity effect according to the relation:

Ptegh L R NN NN NN N NN NN RN NN NN KK N NN NN NN 3.1



(9)

SEI ON  1319WiADIB uapIOp 40} SAAIND Qg
7l By
(san0y | swy (Singy) wai
ooyt 0E90 Kot - THEN"S T £ 1) oen OE Ot o .0
On..ﬂn T — T T — T 8618 ' a i ! : Y JF‘B
e-l- F e
o 7
pis 7z
z@-1-t1 L’ e
s e T
- \\
e L2 L
u\ Fe Ill\
\\ W = == ; .. u
o Ly .\.\ W
. W i _. oe8n
o =
\\ 4 - =
et QoI 0060  00¢ g
il ﬁh.zu L T T e L
v = -
g aeee?” 3
ot of90 & 1348 e 8
ooz i . - . . %ase o oz 5
r a ’ (-3
& m &s s
= 4 = s »
Lg-t-ai i ; w \\\ L ¢ 3
5 - - i m.
ﬁn. 2 -
ﬁ v TR 1
NJOMP]Rly  13}4D $10MPpJal, 310)2q

(o) |




LL

where P, ¢ , g and h are pressure, dry air density,
acceleration due to gravity and elevation (height) of air column
above the barometer respectively.

Allan et al(1971) indicated that the relationship in equation
3.1 is too simple to explain the behaviour of aneroid barometer.
This is so because in normal field conditions, the air is not
completely dry and there is marked fluctuation in temperature
gradient as elevation varies. During the fieldwork, these conditions
were found not to be true because temperature variations with altitude
and relative humidity of the survey area of the order of about
60 - 75% suggested that the altimeter readings be corrected for
temperature and relative humidity.

‘Apart from the error that would be associated with the
elevation values if the altimeter readings were not corrected for
humidity and temperature, reading error, hysteresis as a result
of imperfection in the spring mechanism, introduced errors of + O.Lm
and + 3m respectively (Verheijen and Ajakaiye, 1980). These workers
also found out that the instrument can have an accuracy of the order
of + 1.2m for a survey carried out during the stable periods in the
area of survey. Altimeter drifts were assumed to be linear when
loops were established in less than three hours between two gravity
base stations.

A brunton compass was used to take structural readings and to

align profiles across the complex.

3.3 FIELD PROCEDURE

Prior to the actual fieldwork, reconnaissance surveys were

carried out in August, 1981 and the actual survey was carried out
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between November 1981 and April 198Z. The reconnaissance survey
was aimed at determining traverse lines and location of elevation
bench marks. Also, few samples of rocks were collected, and topo-
graphic maps of the survey area were compiled from the Bauchi survey
headquarters. During the actual fieldwork, 45 base stations and 148
detail gravity stations were established at distance intervals ranging
from 0,5km to Lkm, most of the stations being established at 1lkm
interval.

Mode of transportation between stations was principally by
means of a Landrover supplied by the Geological Survey Department,
Jos and a pick-up van belonging to the Physics Department of
Ahmadu Bello University. A few stations which were inaccessible
by a motor vehicle were occupied on foot. For the motor vehicle mode of
transportation, distances were read out from their odometers with an
accuracy of + O.lkm, and sieel tape was used to estimate distances
between stations that were occupied on foot with an estimated error of
1l.5m in lkm, This is the error in positioning of the instrument. Assuming
an accuracy oftll.5m for the map, then an estimated error in latitude
correction is of the order of about + 3.3x10_5 g.u. per 27km. For easy
recognition of station locations, all gravity stations were established along
rivers, road junctions, schools and near monuments such as Geji rock
‘paintings (1100 A.D.) east of Geji village (fig. 3).

Altimeter readings were tied to several elevation bench marks
in order to improve the accuracy of elevations of detail gravity

stations. Height values determined with the altimeters were compared
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with known bench mark values (Table 8). A maximum error of

-2.012m and a minimum of -0.96m were estimated.

3.4  BASE STATION NETWORK

Two primary base stations located at Jos and Bauchi were used
as control for the base stations established. The problem of re-
setting the gravity meter at very short distances between base and
detail stations because of the large gradient, made it impracti-
cable to carry out the base network before the detail gravity
observations. Thus both base and detail gravity stations were
established simultaneously and loops established in the process
using the ABABCBC technique (Nettleton, 1971). Gravity differences
of the order of 1386 g.u. were recorded within a distance of Lim.
The bace netvork is shown in fig. 15. A maximum error of closure
of 4.00 g.,u., and a minimum of 0.0 g.u. were estimated for all the
loops established on foot and by motor vehicles respectively.

Drift corrections wafe applied to all the observed readings.
Assuming a linear driftin both the gravity meter and the altimeter
at bases observed at intervals of less than three hours, using

the relation below, the gravity difference ¢ is computed as:

GBi (RGl"‘ RG2) KG LR 3.2

2
where G = change in gravity value between two base
stations A and B, RGl and RG2 are changes in scale readings of the

meter between the base stations (obtained from the drift curve),

KG is the instrument constant; and



TABLE £

Comparison between benchmark values and altimeter

readings in height determination

Benchmark Altimetric Geodetic Error Error in
No. Height. Height in Height. Bou%uer Value
(m) (m) (m) geu.)
BM 10 652.27 653.23 -0.96 ~ 1.89
CSYP 612 667.48 669.L9 -2.01 - 3.97
Compare with:
+ 1.2m for stable periods and
+ 2,5m for unstable periods
(Verheijen & Ajakaiye, 1980)
TABLE 9
Comparison of absclute gravity values obtained with respect
to Jos and Bauchi primary bases
Base Station in Gravity Value Gravity value Error
Survey Area w.r.t. Jos Value w.r.t. Bauchi Value in absolute
of 9778620.L1 g.u. of 9780285.90 g.u. value (g.u.)
Galda 9780051.4 9780057.1 + 5.7
Zaranda Harbe 9780119.3 9780115.5 + 3.8
Zull 9780059.2 9780060.7 + 1.5
Bichiki 9780116.1 9780119.6 + 3.5
Geji 9780177 .2 9780180.5 + 3.3
Hadambalamba 9780180.1 9780182,1 + 2,0
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we (g, -8) - (y-K )K

tB_tA R R NN 3.3

where u is the drift rate between base stations A and B
and g, and g3 t_and t and K_ and R are the absolute gravity
Bp MC 8 g A B A i
values, times of observation and instrument readings at B and A
respectively.

The absolute gravity values at detail gravity stations were

computed from the relation:

- B N KR -R)K
g 3A+u(D A)+(D A)G

L BB B N N 3.15

d

where Ed = absolute gravity value at an intermediate
station Dj RD, t.D are scale reading and time of observation at

detail Station D respectively.

3.5  HEIGHT DETERMINATION

In gravity surveys, height determination is very important
because the gravitational potential depends on the distance
between the element of the gravity meter and the attracting mass.
This distance is measured in terms of the height between the plane
of the gravity station and the sea level. Since the altimeters
used in the survey give only relative height values, the readings
were tied to known heights determined geodetically and located on
several benchmarks along Jos - Bauchi road (Verheijen, Personnel
communication). All altimeter readings were corrected for drift,

relative humidity and temperature(Allun ¢tal,l87 1) . A procedure similar



to that used for the gravimeter was adepted in the determination
of absolute heights of stations in which the difference in elevation

between stations Bl and B2 is given by H

where:

- Tl gy 1%
H (Bm RBl) KAHF T veree 3.5

and RBE’ RBl' are scale readings at bases 32 and Bl respect-

ively, KA is scale constant, HF and T are humidity factor
c
" and temperature correction respectively.
The mean of the elevations cbtained from the two altimeters

at each station was adopted as the elevation of the station.

3.6 COMPUTATION OF GRAVITY ANOMALIES
. The gravity data were corrected for drift, latitude, freé—air,'-'

Qouguer and terrain effects. It was necessary to apply terrain

correction due to the rugged topography of the area where the complex

| outcron. Sandberg (1958) proposed that where gravity stations
are located near a high land mass, an inclined plane approximation
represents more accurately the terrain near such stations than

does the conventicnal block cylinder model, that is:

TR =289 R R -2cos 0K (5in8) ] seeves 3.6 | ~
where: :
;-- | TR = totzl terrain correction in mgals
| R = radius in (cm) from the gravity station to the top
of such an inclined plane
@ = slope angle
1

gravitational constant



¢ = crustal density in gm em
K(sin®) = complete first order elliptic integral .

Based on the above relation, the terrain corrections covering
Hammer (1939) zones A through H were calculated, The Hammer chart
from zones I through M was used to compute the terrain corrections.
A maximum terrain correction of the order of 78 g.u. was obtained
at a station near the central part of the complex while values
obtained for stations at distances of 3km from the complex have
values not greater than 2 g.u. It was also noted that this maximum
value was obtained at a station near the central and highest point
in the complex.

The free-air anomaly was computed from the expression:

5. = 6. ~°

+ d R) savsces o7
pa T Bop T By T35 (M) :

while the Bouguer anomaly was computed from the relation

expression:
g = g - 2 ﬁ G(h) + s 3.8
BA FA : T
where:
g = free-air anomaly
FA
4 . observed gravity at a station
0

gth = theoretical gravity value at a station

= station elevation (m) above sea level

3

-3
= assumed crustal density of 2.67x10” kgm

vertical gravity gradient given by -3.085963 g.u.m.

= universal gravitational constant

= terrain correction at a station

-3 o N =
= @ Hi%
"



2 Re Gh) = 1.115.873 g.u.m

The thecretical gravity value at a given station of latitude
¢ was computed from the 1967 International Gravity Formula (IGF)
given by:

g, - & [1+ 0.00527889551n° 6 + 0.000023462 sin” 8] wvvsa3.9
o] .

where: gth is defined as in equation
go = equatorial gravity value based on the 1967 |
Gravity Reference System and given by 9780318.L6g.u.
, 8 = latitude of a given station. Latitudes of stations
were determined to the nearest hundredth of a minute,
from four 1:50,000 topographic maps. The absolute
values at base stations were used to determine the
closure error in the loops (fig. 15) covering the
area of sﬁrvey. The adjusted values were used to
determine the'Bouguer anomaly at each station. The

resulting anomalies were contoured manually (fig., 17)

to give the map of Bouguer gravity anomaly.

3.7 . ANALYSIS OF ERRORS

In gravity surveys error in Bouguer ancmaly in a station
result from the cummulative errors due to assumed density of the
erust, latitude, elevation and terrain effect.

Error in elevation amounted to £#2.012m, Assuming this valﬁe

to be the maximum error, then the maximum error in Bouguer correction

is + 32.965 g.u. and the error in free-air correction is 6.2l g.u. . A

¢
L
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Thie error of = 2,012m was considered reasonzble since Verheijen and
Ajakaiye (1980) cetermined a maximum error of = 1,20m in height for the
province. This error of - 2,012m was obtained by ueing standard elevation
bench marks located throughout the survey area 2s has been explained in
the section for height cetermination.

The error in latituce was estimated by using the accuracy factor of
#11m for the topographic maps used in the survey, assumed earth radius of
€,L00km, determining the change in latitude as a result and making use
of eguation 3.9. Thus the error in latitude was estimated as contributing

only # 3,3 x 10™5 g.u, per station and was considered negligible.

The error contributed due to the assumed mean crustal density of
2.67 x 103 kg m'3 wzs ignored because the mean density for the host
migmatitic gneiss was estimzted to be 2,60 x 103kg m'3, while the mean
density for all the rock earrles in the survey area was estimzted to be

2.686 x 103 kg w2

« Thus the mean density for the rocks of the survey
area was considered very close to the mean crustal density.

The use of Jos and Bauchi as primary base staztions for the survey
geve nearly the same absolute graviky value for one of the base stations,
With only a difference of 5.7 g.u. when the abesclute value was tied to
Jos and Fauchi respectively, it was assumed that the values for the
estirated absolute gravity in the area of survey were ressonable(Table 9).

However the errors that would have been contributed from drifts and
terrain effecte were reduced to the barest minimur as a result of

aprlication of darift znd terrain corrections zs explained in the pre-

ceeding section,



CHAPTER FOUR

DENSITY DETERMINATION

L.l INTRODUCTION

In principle, interpretation of gravity data depends directly
on the density contrast between adjacent rock units. The accuracy
of Bouguer anomalies in any gravity survey depends greatly on the
accuracy of assumed rock densities where such rocks do not outcrop
and more precisely on the accurate density determinations of the
rock units where either the rocks outcrop or borehole data are
available. Gustaf (1967) proposed that the emplacement of acid
intrusions depends on the density of the intruding rocks. The flow
structures often observed on metamorphic terrains result from
direct density contrast between low density leucocratic minerals
and high density melanocratic ones. Hot spotism and emplacement
of upper mantle material in continental drift areas have much to do
with the contrast in density between peridotites and lower crustal
material such as granites which have lower density value than the
former.
A density contrast of the order of + 0.06x10° kgn - is
sufficient to cause appreeiable Bouguer anomaly (Gustaf, 1967;
Ajakaiye, 1970). |

It was not possible to carry out insitu density determination
due to lack of borehole data and equipment at the time of the
survey. Therefore rock samples were systematically collected as
described by Lahee (1931) during the field trip. On analysis and
identification, it was found out that out of the122 fresh samples

collected, 37 were syenite, 10 were porphyritic granite, 12 were

54



aphyric trachyte, 18 were migmatitic gneiss, 30 were muscovite
biotite older granite, 11 were basalt and four were dolerite. The
rock association presented above clearly shows that the area sur-

veyed is a metamorphic terrain with acid and basic intrusions.

Le2 DENSITY MEASUREMENTS AND RESULTS

Due to inavailability of borehole data and inability to carry
out insitu density determination, laboratory method which employs
the principle of Archimedes was used. Samples were first dried in
air for seven days and both dry and saturated densities of the
individual rock samples were determined vith an electronic digital
balance model No. PS 15.

Firstly the samples were weighed in air and then weighed

3 kgth. The samples were then

while in water of density 1xl10
soaked in water for LB hours and their wet densities determined

using the following relation:

q:) - Wa

Wa - Ww ssesasnns h.l
e = Wa
w
Wa - Ww sensaninn 14-2
where:
p = dry density of a given sample
ey " saturated density of the same sampler

Wa weight of sample (dry or saturated) in air

W = weight of sample (dry or saturated) in watep==""""

the value ep* O was taken as the mean density of the sample of -

2 a given rock unit.
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Two main rock tyves, metamorphic host rock and igneous rockc
were deduced from the measurements and analysis. The igneous
rock unit is subdivided into acid igneous and basic igneous rocks.
The calculated mean density for the migmatitic gneiss is

2.68 + 0,03) x 10° kgm™>
( * gm

form a total of 18 samples ( Table 10).

The histogram for the gneiss shows a bimodal distribution which is
consistent with the two types of gneiss encountered in the field(fig16¢)
The density of the 30 samples of muscovite-biotite granite

(2.57 + 0.02) x 10° 3

kgm - and the histogram for these show a ditterent
distribution from that of the gneissifig 164 )

The histogram of the syenite samples show near normal
distribution. The mocdes are probably due to sampling or errors
in measurements of densities. These modes indicate values of mean
densities of (2.62 & 0:03) x 107 kgn3, (2.65 + 0.02) x 10° kgn
and (2,68 + 0.03) x 10° kgm"3 respectively (fig.jga). A mean value
of (2.62 + 0.03) x 10° kgm_3 was obtained and the histogram shows
a near normal distribution about this value.

The more or less bimodal distribution in the histogram
is indicative of probably two varieties of syenite. These two
varieties are the olivine~hornblende-rich and the olivine-hornblende
poor and the distribution in their densities is related to their
mineralogical and chemical differences (Tables 1, 10, Appendix II).

A comparison of the density distribution (2.55 - 2.69) x
10° kgm-3 of the syenite from the Zaranda complex and the values
of (2.65 - 2.89) x 10° kgm™> got by Ajakaiye (1970) from the

Younger Granite province (Table]] ) shows that the syenites of the
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TABLE 10
Densities of Hock Types
Number of Range in Average Difference
Rock Type Samples Densities Density Between Dry Standard
x 10°kgm=3 and Saturated Deviation
x10°kgm=3| Depsities x 103kgm=3
x 107kgm™
Dolerite L 2.91 =~ 2.92 2.92 0.01 0.01
Calcitie B&Sﬂlt ll 2.73 - 2.79 2-76 O-Ol 0.0‘.
Olivine Basalt & 2.83 = 2,93 2.87 0.01 0.01
Porphyritic
Granite 10 2.9 - 2,55 2+ 51 0,01 0.01
Syenite 37 2.56 - 2,69 2.62 0.02 0.03
Trachyte 12 2.L8 - 2,59 R.56 0.0z 0.0l
Muscovite-Biotite
Older Granite 30 2.5, - 2,63 2,57 0.02 0.02
Migmatitic Gneisd 18 2.6 - 2.75 2.68 0.01 0.03
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TABLE 11

£0

Comparison between rock densities in the Younger Granite

Province and those of the Zaranda complex

Rock Type Younger Granite Province* Zaranda Complex
Range [Mean + std Hange [Mean + std
x 102 kgm—3 dev x 103 kgn=> dev
Dolerite 2.88 = 3.04 1 2.97 + 0.05 2,91 - 2,92 12,92 + 0.01
Basalt{a)Caleitic| 2,59 - 3.02 | 2.85 + 0. 1| (a)2.73 = 2.79 2,76 + 0.02
(b)0livine —— — (b)2.83 - 2,93 12,87 + 0.C!
Granite Porphyry 2.53 = 2.70 | 2.61 + 0.0L 2.49 - 2,54 | 2,51 + 0.01
Syenite 2,65 = 2,87 | 2.70 + 0.05 Ce55 = 2.67 | 2.62 + 0,03
Older Granite 2.59 - 2.82 | 2.66 + 0.05 2.5 = 2,62 12,57 + 0.0z
Migmatitic
Gneiss 2.57 - 2.96 | 2.69 + 0.06 2,6L = 2,74 12,68 + 0,03

* (After Ajakaiye, 1970)

TABLE 12

Comparison of rocks of the Zaranda complex with those typical of

of the Younger Granite province

P P51 B BRovnee® ¥OECT | 5 M ar o omp x-
: Basalts and dolerites. Dolerite and olivine
Acid Fine grained granite. basalt, porphyritic
Granite porphyry. granite and pegmatite.
Microgranite.
Andesite Quartz syenite
Quartz monzonite Hornblende - faylite
Augite dunite syenite
Hornblende granite
Intermediate Augite syenite
Quartz syenite
Olivine gabbro Precaldera aphyric trachyte
Olivine dolerite
Olivine basalt

* Data for the Younger Granite province
adapted from (Falconer et al, 1923)



Zaranda complex are less dense than those from the other parts
of the province., This difference is possibly due to the fact that
the Zaranda syenites contain a fair amount of quartz (5 - 10%)
and more perthites,

The 10 samples of porphyritiec granite have a mean density of
(2.51 + 0.01) x 10° kgn > (fig. 16). The apparentlylow density
is probably due to the presence of two predominant minerals, quartc
and feldspar which have identical density value of (2.5 - 2.6) x
10° kgm=3. (Telford, 1376).

From a total of 12 samples, a mean density of (2.56 + 0.0L) x
103 ltcgm—3 was obtained for the aphyric trachyte. The high standard
deviation is a result of mineralogical variations in the samples
collected and the highly fractured nature of the samples;
for example, some of the samples have large prisms of sanidine

3

{(density = 2.5 x 10 kgm_s) but others have little or no such large

phenocrysts at all.
Two varieties of basalts were recorded in the survey, The

3

calcite variety has a mean density of (2.76_+0.02) x 10° kgn™ while

the olivine variety has a mean value of (2,87 _+0.03) x 10° kgm“3.
The low density of the calcitic basalt results from the presence
of large calcite crystals (Plate 8} of density 2.58 x 10° kg:m-3
that are evenly distributed over any given sample. The slightly
higher density of the olivine variety resulis from the widely

distributed grains of olivine of density 3.0 x 10° kgm >

in each
sample. The four samples of dolerite gave a mean density of
{2.92 + 0.01) x 10° kgm'j. This is a basic rock and the prepon-

derance of olivine and iron material in the samples with uniform
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. ﬁineralogy contribvute to its high mean density, . - .  .f _L{_xx“
. 4 comperison between the densities of rocks defeﬁiiﬁed by‘Ajék;&§eJ

{197C) in the Younger Granite province (Teble 11 ) and those determined

" 4n the present survey over the Zarands coxplex shows that the density

”?-é.tor similer rock types in the Younger Cranite province.

. eaterories:

values for the rock units in the arez fzll within the range of values

" 4.3 ERRCR IN DENSITY DITTZRNIN:TION

B

brrors in density determination sre grouped under the fellowing

(2) instrument error and . . Lo .'.; e
{v) error due to weathering and porosity of the rock sampies."
" Instrument Error - B T LA

The ¢€iritel balance used in the determinstion of the densities of
':the rock samples has an accuracy of 1.0 x 10_3k§ fof eny riven'égﬁple.

' Most of the samples used fer the density determination weighed between
:'3;6ﬁkg ané L.0 ¥g. Thus for a particular dolerite sample vhich weighed
3.5kg in air and 2,301 kfj when immersed in water,using eﬁﬁétion Lo,

a density vezlue cf.f?.?? I -OCJQ-) X Hﬁg kr-m-B was obtained., L

: tle
Tk ]
-,

S REPRR R Lt T

Wegthering arnd Torceity

Error in density valuee maﬁ arise due to westhering which leads if
to a change in the chemical composition of the ssmples from outecrops, |
The state of wezthering of the selected sarples wss found to br within
the tclerable limit for density determinetion. This wzs deter- -

mined by considering : both in hand specimen ard under microscope
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the alteration products of some minerals; e.g. augite, which
weathers to iron oxide and lends brown colour to the rock

in which it occurs, This was found to be the case with a
few dolerite and syenite samples before the final selection
of samples was done for density determindtion.

Porosity of samples may be increased by increasing
the cracks in them. OSuch cracks can only result when samples are
strained by hammering. This process was minimized by avoiding
repeated and severe hammering on samples, When the porosity of
rocks is reduced by compaction as in deep burial, then density
increases, but this is only noticeable to a greater extent in
sedimentary rocks. Pettijohn (1975) gave an expression relating

the porosity (P) of rocks in terms of depth of burial as given

below:
P = ne-bx svensesssve Mol
where: P = porosity of a given rock sample at a depth
of X units of depth,
p = average porosity of surface clays
b = constant

Compaction due to deoth of burial is usually negligible in
igneous rocks and is much more negligible when only fresh samples
are considered. Thus errors arising from compaction were deemed
negligible since fresh samples were collected at the surface and
the problem of burial for the Zaranda rocks was neglected more so

~hen all the samples were identified as being igneous rocks,
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Densities of the same rock tyne may vary appreciably from
province to province due to differences in mineralogy, chemistry,
rate of metamorphism and intensity of tectonic forces. The greater
the area covered in a given petrological or [igneous province],
the greater the range in density values as reflected in the standarc
deviation values. A careful study of Table 10 reveals that the
standard deviation values obtained in the Zaranda complex are quite
less than those of Ajakaiye (1970) that covered a wider igneous
province. Even from a small area of survey as the Zaranda, complexity
in mineralogy leads to higher standard deviation values, This fact
is evident from a study of the trachyte (Appendix II and Plates
3 and 8) where low density zenolith of calcite or sanidine are
enclosed in a basait of higher density and the distribution over
various samples is not uniform. The various rock types and their
density values are given in Tables11&12 and the values obtained
for the various rocks in the complex (trachyte, basalts, syenite,
granite and dolerite) are typical for these rock types in the
Younger Granite province as determined by Ajakaiye (1970).

In the Zaranda compleX, mineralogical differences among rock
samples of the same rock unit yepe considered to be the main causes of

density variation in such samplese



CHAFTER FIVE

INTERPRETATION

5.1 THE BOUGUER GRAVITY FIELD

The main features of the Bouguer gravity anomaly shown in

Fig. 17 are:

(a)

(b)

(e)

(d)

A broad negative anomaly of over -600 g.u. trending
NNE - S5W in the centre of the complex. The magnitude
of this field along an ESE - WNW is also over -600 g.u.
but the size is smaller, While the size in an ESE -
WNW profile is 5km, this is increased to about 8km

in the NNE - SSW profile.

A relatively smaller anomaly of approximately -4L80 g.u.
located at about 2km SE of the -600 g.u, anomaly and
also trending in the NNE - SSW.,

At somé Lkm east of the -600 g.u. anomaly, a series

of negative Bouguer anomalies ranging from -570 to
-600 g.u, are separated from the main anomaly of

~-800 g.u. by the smaller anomalies of -L80 g.u. These
series also trend as the main anomaly.

At some 6km west of the main anomaly there is a broad
negative anomaly of over -600 g.u. separated from the
main anomaly over the complex by a =570 g.u. N-3
trending anomaly. This =570 g.u. anomaly lies over

the Zaranda village.

6l
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(e) The trends ef these enomalies have about 9. correla~
tion with surface geology {¥Fig.20) and slso correlate
with the observed Bouguer gravity and geologiczl map

(Ljakaiye,19705 Pig. 1).

5.2 RECIONAL AKOMALY SEFZRATION

In gravity surveys, deep-seated and large scgle strue-
tures of non~interest uaually mzsk the shallow-sezted ones

of interest to the investigator (Telford, 1976; Dobrin, 1976).

- The procese of removal of the effects of these large scale

: anamslies of non~-immediste interest is still a grezt prodblem

" in gravity interpretation. Usually the rrccess of removal

of these regional ancmelies, as they are czlled, inveolves

filtering whereby the effect of these large scale features

are removed., Some of these processes include visual smocthening, -

znzlyticsl methods, second derivatives, upward and downward

" continuation, The cheice of a particular method depends on

factors like size of an ¢ maly, datz acouisition method,

purpese of the survey and the avazilability of additional
geological control, The choice of eny method also depends
on the experience of the investigafcr. In the analytical
method where the residuzl znomzlies are assumed to be
random error s of some degree, polyﬁoﬁial fitting of
low order { first and second) may not apply. This is

particularly so¢ in a eurvey where the gravity data

. 7}&;5;I55f 
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was not ccllected on a regular grid and in an attempt
to digitize, a lot of extrapclation error is introduced,
In this survey, the area inveetireted wzs small in
comparison to the Younger COCranite province where
definite regional gravity values were acopted in

some cases (Ajakaiye, 1970).
The geolory of the area under the present

investigzstion is complex 2nd ze such using a definite
order of polynowmial in the anzlyticzl method may
not be adecuzte tc remeove the resional gznomalies,
The grzphical rethod was therefore used
beczuse:
(a) the regional trends were evident from
both the geclopical gravity map of Ajakaiye
( 1970,fig. t) which covers the present
arez of investigatiorn and from the observed
Bouguer gravity ancrzlies in the survey area
shown 1in fig, 17. Thus a coFpariscn between
the trends of these regionals susgests the
use of the grzphical method of regional=-
reeidual znomely separation which the author

has adopted in the sarea of gcurvey.
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(b) due to the complex geology of the area, local
closures were randomly distributed, thus making the
estimation of regional trends easier. Eight random
profiles were chosen to cover the entire area. The
values of the regionals along these profiles were
plotted, contoured and smoothened to generate the
regional map (Fig. 18). The residual anomalies were
then obtained by subtracting the regional trend from
the observed bouguer gravity anomalies (Fig. 19).
Although the method of regional anomaly separation
is biased, the additional information deduced from the
supplementary geological mapping carried out by the
author helped minimize errors.

The maximum range of anomalies in the bouguer gravity field
is about 180 g.u; the highest and lowest observed bouguer values
being -613 g.u. and =433 g.u. resvectively. Thus a regional
gradient of =180 g.u. in about LOkm distance (4.5 g.u. km™t) was
estimated in the area. The average observed bouguer value in the
survey area was estimated at about -525 g.u. This value was found
to be close to the value of -500 g.u. for the Younger Granite
province. The average trend of the regional field was estimated
as NL5°W., This trend was also found to be consistent with that of
Ajakaiye (1970) in the Younger Granite province and estimated at
N5°H., This trend is parallel to the Quartenary basalt flows in

the Jos area (Wright, 1976).
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5.3 RESIDUAL GRAVITY ANOMALIES AND QUALITATIVE INTERPRETATION

The main features of the residual anomaly shown in Fig. 19

are:

(a)

(b)

(c)

(d)

A large central, fairly symme trical low gravity
anomaly with an amplitude of about 106 g.u. and
centred on the aphyric trachyte (Fig. 20).

Anomaly size of about 5km in the WNW direction (profile
B—Bl) and about 7km in the NNE direction (prefile
A-AT).

About 3km SE of the larger central anomaly a relatively
low anomaly of amplitude =80 g.,u, and size of about
1lkm is located near an outcrop of porphyritic granite
(Durji Hill).

The 106 g.u. and -0 gu anomalies are separated by

isolated positive residual anomalies of amplitude

ranging from 17 g.u. to 52 g.u, which correlate

with mapped basic intrusions of basalts and dolerite
rocks.

Aboutskm west of the main central anomaly a small
positive anomaly of about - 10gu which correlates

with the calcite-bearing basalt is located over the

Zaranda village (Fig. 3 & 20).

- Thus the main negative anomaly of acidic rock is flanked

on the east, west and south mainly by positive anomalies caused by

intrusive basic rocks. These features are the basis on which the

three profiles A—Al, B—B1 and C-C* were selected for interpretation.
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