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Abstract- Ten (10) Igneous rock samples were
collected at random from freshly dug parts of the
Crushed Rock Quarry pit located at Ishiagu in
Ebonyi State, Nigeria which is found on the Lower
Benue Trough. After the physical observation, three
of the samples were later subjected to chemical
analysis which revealed that igneous intrusions in
ishiagu are mainly intermediate to basic in terms of
classification, and also the igneous intrusions found
there have a wide range of varieties from acid to
basic. The rock samples obtained from the Crushed
Rock Quarry site suggest acid or intermediate rock
from physical observation. The petrographic study
(thin section analysis) show a high percentage
estimate of plagioclase (50%) in one of the samples.
Other minerals observed were olivine, muscovite,
microcline, hornblende, biotite, and pyroxene,
which further suggests that the rocks are basic.
Geochemical analysis, which is the most precise, put
silica (Si02) percentage content at between 46.96-
47.40%, and also a relatively high average content
of Cr (233.3ppm), Ni (216ppm), Sr (231.3ppm), V
(166.3ppm), Ce (18.2ppm), and Nd (10.5) in trace
and rare earth element analyses. Discrimination
diagrams  plot  the rock samples in
Komatiite+Basalt+Dolerite field and Ocean Island
Basalt field. The existence of this different classes
of igneous rock in the same outcrop can be
explained by the process known as magma mixing
or magma mingling and caused by varying degrees
of partial melting of the source magma that formed
the rocks.

Index Terms -Dolerite, Lower Benue Trough,

Petrology, Geochemistry, Igneous Intrusion, Basalt
Field
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L. INTRODUCTION

The study area (Ishiagu) is part of the Lower Benue
Trough of Nigeria. The trough is part of the broader
Central Africa Rift System which touches the
northern boundary.of the Niger Delta, to the south, it
dips down into the Tertiary and more recent
sediments, and extends in a northeasterly direction to
the Chad Basin. It is about 150km wide [1]. The
evolution of the Benue Trough was part of the many
tectonic and magmatic features produced in the
Cretaceous by the separation of South America from
Africa, and several researches conducted on this area
agree to this view. Also, [2] and [3] working
individually, had observed that the Benue Trough is
characterised by extensive magmatic activities as
evidenced by wide-spread occurrence of intrusive
and extrusive rocks in the Trough. They also noticed
that these igneous rocks occur over a distance of
500km from Ishiagu in the Lower Benue Trough to
as far as Zurak in the Upper BenueTrough with the
number of these occurrences increasing from Zurak
towards the southern part of the zone. Various
authors, including [4], [5], and [6], separately, have
discussed the geology and the igneous activities of
the Lower Benue Trough. From their works, they
also concluded that the igneous activities, which are
mainly intermediate, basic and volcanics, appear to
have persisted from the activities associated with the
separation of South America from Africa that is
believed to have occurred from during the Cretaceous
to the Tertiary periods. The igneous rocks in Ishiagu
consist of predominantly intermediate to high
temperature minerals [7]. Also, Ishiagu is one of the
four places where the primary lodes of the Abakaliki
lead-zinc are located in the Lower Benue Trough of
Ebonyi State. The other three lodes are located in
Enyigba, Ameri and Ameki [8]. The occurrences and
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the relative abundance of these minerals would help
in determining the petrogenesis and the tectonic
settings of the rocks using discrimination diagrams
and other techniques as deemed necessary.

IL. THE STUDY AREA

Ishiagu is a town in Ivo Area of Ebonyi State,
southeastern Nigeria. It is located between latitude
5°52°-6°00° and longitude 7°30°-7°35” and is bounded
to the north by Agwu and Amini Areas of Enugu
State, to the south by Ugwuele town in Isuikwuato
Area of Abia State, to the west by Lokpa and
Lekwesi towns in Abia State, and to the east by
Akaeze town in Ebonyi State [9]. It is on the
southeastern plains of the Savannah Belt, and can be
accessed through the Uturu/Afikpo expressway. The
study area is characterised by hills and wvalleys,
majority of which align in the NE-SW direction,
conforming to the orientation of the folds from the
Santonian Orogenic Deformation. The area is well-
drained with the general river flow trending NE-SW.

Figure 1. A cross-section map of southeastern
Nigeria showing Ishiagu as sample location.

III.  AIM OF THE STUDY

This work is aimed at determining the petrogenesis
and the tectonic settings of the igneous intrusions, by
knowing the concentrations of the major, trace and
rare earth elements in the igneous rocks found in the
area.
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IV. LITERATURE REVIEW

Several researches have been done, and publications
made from time to time on the Lower Benue Trough
on which Ishiagu is located. Most of these works
agree that the Benue Trough was formed by the
rifting of the Central West Africa basement,
beginning at the start of the Cretaceous era. During
the late Early to Middle Cretaceous, the basin
subsided rapidly and was covered by the sea. In the
Upper Cretaceous, the Benue Trough probably
formed the main link between the Gulf of Guinea and
the Tethys Ocean via the Chad and Iullemmedan
Basins [10]. During the Santonian age, around
84million years ago, the basin underwent intense
compression and folding, forming over 100 anticlines
and synclines. Also, during the Santonian progeny,
tectonic uplift, deformation and magmatism resulted
in faulting and/ or folding which created a favourable
environment for intrusion of intermediate to basic
magma, thereby emplacing dolerites, dioritic,
pegmatitic and other igneous deposits [11]. From
their study, [12] also observed that the rock types
around the Benue Trough range from basic to
intermediate intrusive, and consist of syenite, diorite,
monzonite and gabbro with minor occurrences of
dolerite and trachyte in form of discordant intrusive
rock, as well as many small sided sills. The deposits
in the Benue Trough were displaced westwards at
this time, causing subsidence of the Anambra Basin
[11]. The study area is part of the deep linear
sedimentary Benue Trough with elevation ranging
from 60m to 114m, and extends for over 700km from
the Niger Delta to northeastern Nigeria. [13] had also
observed that the Lokpaukwu-Uturu-Ishiagu axis of
the southern end of the Benue Trough is associated
with the occurrence of igneous intrusive and
volcanics within the thick sedimentary series and that
the igneous activities affected the sedimentary units
which they intruded. The Benue Trough of Nigeria
has been affected by at least two episodes of
deformation in the Cenomanian and Santonian
periods. The deformation generated NE-SW trending
structural features which accommodated massive
igneous activities in the trough. The Lokpaukwu-
Uturu-Ishiagu magmatic belt of the Lower Benue
Trough is an example of these structurally-controlled
igneous intrusions [13]. The Benue Trough is a
graben, representing the failed arm of a triple
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junction. The generated faults in the Trough from
major, small and micro types. The sediment infilling
of Benue Trough ranges from 7km at the boundary
with the Niger Delta to about Skm at contact with the
basement complex in the Upper Benue Trough.
These sediments have suffered deformations along
the NE-SW trending axis, producing multiple folds
and fractures that run parallel to the fold axis [3]. The
folds and the NE-SW trending fractures are cut by
steeply dipping N-S and NW-SE trending tensional
faults and fracture systems [14]. [7] also agreed that
the Benue Trough is a linear, intracratonic graben
basin, tending NE-SW and that the Trough is
characterised by an uplifted basement block, flanked
by a basin containing about 6km thick of sediments.
They also recognised two different intrusive features
in Ishiagu which are the dolerite sills at the Setraco
Quarry, and the dykes at the Crushed Rock Quarry
Industries.

Figure 2. Geologic map of Ishiagu and environs
showing the deep Crushed Rock Industries quarry pit
(after [15]).

V. MATERIALS, SAMPLING AND
METHODS

Ten igneous rock samples were obtained from
freshly-cut surfaces by breaking with a geologic
hammer at the Crushed Rock Quarry pit in Ishiagu.
Three of the samples were sealed in polythene bags
to avoid contamination, and labeled accordingly as
B1, B2, B3 through B10. Laboratory study included
petrographic (thin section) analysis, and geochemical
(major, trace and rare earth element) analysis.
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VI. PETROGRAPHIC ANALYSIS

Two of the samples (B1 and B2) were selected at
random for the thin section analysis. The thin
sections were prepared at the petrographic laboratory
of the Department of Geology in University of
Nigeria, Nsukka (UNN). The thin section was studied
under plane-polarised light (PPL) and cross-polarised
light (XPL) and the minerals were estimated at the
laboratory of the Department of Geology in the
University of Port Harcourt. This analysis is carried
out in order to identify the minerals present in the
rock through colour inference and other optical
properties.

VII. GEOCHEMICAL ANALYSIS

Three of the samples (B1, B2, and B3) were prepared
for geochemical analysis. This analysis was carried
out using the Fusion Dissolution Techniques of the
Inductively Coupled Plasma Mass Spectrometry
(FUS ICP-MS) at the Activation Laboratories in
Ontario, Canada. The geochemical analysis reveal the
percentage composition of the oxides of the major
elements, and the parts per million (pmm) of the trace
and rare earth elements.

VIII. DATA PRESENTATION AND ANALYSIS

Petrography

The petrographic analysis of the thin section of the
rock was studied under cross-polarised light (XPL)
and plane-polarised light, and the estimation of the
constituent minerals is done. Visual estimation of the
minerals in sample 1 (B1) put microcline, biotite, and
plagioclase at 9%, 20%, and 48% respectively.
Pyroxene and olivine were estimated to be 7% and
5% in that order. In sample 2 (B2) plagioclase also
has the highest value with an estimate of 50%, biotite
is 12% while Muscovite is about 4% and hornblende
6% as displayed on the Table 1.
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Table 1. Modal composition of dolerite samples from
Crushed Rock Quarry site in Ishiagu.
Minerals Sample 1 | Sample 2 | Average

Table 2. Major element percentage composition of
dolerite samples from Crushed Rock Quarry site in
Ishiagu, southeastern Nigeria.

(B1) (B2) Major element | Bl B2 B3 Average
Microcline | 9% 8% 8.5% SiO2 46.96 | 46.82 | 47.40 | 47.06
Plagioclase | 48% 50% 49% AlLO; 13.77 | 13.55 | 13.74 | 13.68
Biotite 20% 12% 16% Fe;03 13.50 | 13.37 | 13.30 | 13.39
Pyroxene 7% 8% 7.5% MnO 0.177 1 0.179 | 0.165 | 0.173
Olivine 5% 7% 6% MgO 8.84 | 849 |8.80 |8.71
Muscovite 7% 4% 5.5% CaO 823 | 822 809 |8.18
Hornblende | Not 6% 3% Na,O 2.63 | 260 |262 |261

identified K>,O 0.52 |1 053 |0.53 |0.526
Total 96% 95% 95.5% TiO, 1.362 | 1.394 | 1.386 | 1.380

P05 0.17 | 0.15 | 0.16 | 0.160

Mineral description LOI 444 | 462 | 403 | 436
Plagioclase appears fresh-grey in colour with straight Total 100.6 | 99.94 | 100.2 | 100.24

boundaries, and has euhedral idioblastic crystals with
a weak interference colour of brown, while biotite
shows a brownish-black colour, exhibits a strong
pleochroism in the shades of light and has an
anhedral shape. Pyroxene appears grey in colour with
straight boundaries and has euhedral idioblastic
crystals with an interference colour of brown, and
microcline shows an anhedral to subhedral crystals
with low relief. Under plane-polarised light
microcline appears dark to light-grey in colour,
shows straight boundaries and preferred orientation.

Geochemistry

This is the part of the analysis that would give the
most precise quantification of the chemical
constituent of the rock samples. It gives the oxides of
the major elements in percentage whereas the trace
and rare earth elements (REE) are given in parts per
million (pmm).

Chemical composition of major elements

The major elements of the samples were quantified in
their oxides in percentage. Analysis revealed that
silica (SiO;) is within the range of 46.82% and
47.40% of the sample analysed. Alumina (Al,O3) is
between 13.50% and 13.77%, while Fe,Os3 is between
13.30% and 13.50%. Oxides with the lowest quantity
were MnO at between 0.165% and 0.179%, K»O at
between 0.52% and 0.53%, and P»Os at between
0.15% and 0.17%. The loss-on-ignition (LOI) had an
average of 4.36% as displayed in Table 2.
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Chemical composition of trace elements

The trace elements do not normally take part in
reactions during the formation of magma, maybe due
to their inertness, ionic radii or poor mobility [15].
When seen in rocks they help in determining the
source region or the tectonic settings of the magma
that formed the rocks. The following elements Sr, Cr,
V and Ni, are relatively high in all the samples
analysed with an average of 231.3, 233.3, 166.3 and
216.6 all in parts per million (ppm) respectively. The
averages of the trace eclements with the least
quantities were Be (<lppm), Ge (lppm), and As
(<5ppm) (see Table 3).

Table 3. Trace element composition (in parts per
million) of dolerite samples from Crushed Rock
Quarry site in Ishiagu, southeastern Nigeria.
Trace elements | Bl B2 B3 Average

Sc 19 19 19 19
Be <1 <1 <1 <1
\Y 164 | 168 | 167 | 166.3
Ba 220 | 160 | 164 | 181.3
Sr 234 | 231 | 229 | 2313
Y 15 15 15 15
Zr 87 89 88 88
Cr 230 | 240 | 230 | 233.3
Co 59 58 59 58.6
Ni 220 | 210 | 220 | 216.6
Cu 80 90 80 83.3
Zn 140 | 110 | 110 | 120
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Ga 18 18 18 18
Ge 1 1 1 1
As <5 <5 <5 <5
Rb 14 16 14 14.6
Nb 7 8 8 7.6
Mo <2 <2 <2 <2
Ag <0.5 | <0.5 | <0.5 | <0.5
In <0.2 | <0.5 | <0.5 | <0.5
Sn 2 3 2 2.3
Sb <0.5 | <0.5 | <0.5 | <0.5
Cs 14 |16 |13 1.43
Hf 2 2 2.1 |21
Ta 04 (04 |04 |04
W <1 <1 <1 <1
Tl 0.1 |01 |01 |0.1
Pb <0.5 | <0.5 | <0.5 | <0.5
Bi <04 | <04 <04 | <04
Th 0.8 |08 |08 |08
U 02 (02 |02 |02

Chemical composition analysis of rare earth
elements

The rare earth elements occur in minute quantities in
rocks just as their name implies. They are collectively
called the lanthanides or the inner transition
elements. Analysis show an average of 18.2ppm for
Ce as the highest, whereas Nd and La were put at
10.5ppm and 8.1ppm respectively. Elements with the
least amount were Lu at 0.23ppm, Tb at 0.6ppm and
Hornblende at 0.6ppm as shown in Table 4.

Table 4. Rare earth element composition (in parts per
million) of dorelite samples from Crushed Rock
Quarry site, Ishiagu.

Rare earth elements | BI B2 | B3 | Average

Yb 14 16 |15 |15
Lu 0.23 1 0.23 | 0.23 | 0.23

The averages of the oxides of the major elements, the
trace elements and the rare earth elements are hereby
compared to the average of another set of analysed
rock samples obtained from the same Crushed Rock
Quarry site in Ishiagu. The comparison was as shown
in Table 5, Set B is the present study, whereas Set E
is work of [17].

Table 5. Comparison of the percentage averages of
two sets of igneous rocks from Crushed Rock Quarry

in Ishiagu.

Major element SetB | SetE ([16])
SiO, 47.06 | 59.39
ALO3 13.68 | 17.10
Fe 03 13.39 | 8.06
MnO 0.173 | 0.10
CaO 8.18 2.63
Na;O 2.61 2.90
K20 0.526 | 3.40
TiO, 1.38 1.02
P,0s 0.16 0.16
Loss on ignition (LOI) | 4.36 1.04
Total 100.24 | 98.69

From the Table 5, it could be observed that there is
significant difference in their average values,
especially in SiO;, AlLO3;, MgO and CaO, which
show that both intermediate (Set B) and basic (Set E)
rocks can co-exist in same intrusions. The averages
of their trace elements are also compared as
displayed in Table 6.

La 8 81 |82 |81 Table 6. Comparison of trace element average

Ce 18 182 | 184 | 182 composition (in parts per million) of two sets of

Pr 227 1231 | 236 | 2.31 igneous rocks samples from Crushed Rock Quarry

Nd 104 | 10.6 | 10.6 | 10.5 site in Ishiagu.

Sm 28 |3 29 29 Trace element | Set B (present study) | Set E ([17])

Eu 1.02 | 1.08 | 1.04 | 1.04 Sc 19 16

Gd 33 |35 33 336 Be <1 2.67

Tb 06 |06 |06 0.6 v 166.3 149

Dy 31 32 32 |3.16 Ba 181.3 990.67

Ho 06 06 |06 |06 Sr 231.3 296

Er 16 (1.7 1.7 |16 Y 15 26.33

Tm 0230251024024 Zr 88 292.67
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Cr 233.3 96.67
Co 58.6 24.33
Ni 216.6 60
Cu 83.3 50
Zn 120 133.3
Ga 18 25
Ge 1 1.33
As <5 <5
Rb 14.6 139.67
Nb 7.2 16.67
Mo <2 <2
Ag <0.5 1

In <0.2 <0.2
Sn 2.3 3

Sb <0.5 <0.5
Cs 1.43 34
Hf 2.1 7.57
Ta 0.4 0.9
W <1 1.33
Tl 0.1 0.83
Pb <5 22

Bi <0.4 <0.4
Th 0.8 19.83
U 0.2 2.63

Comparison of the averages of the trace elements of
the two sets of igneous rock samples again show a
clear difference in most of the elements. For instance,
Ba (181.3 and 990.67), Cr (233.3 and 96.67)
respectively for the two sets of igneous rocks (Set B
and Set E). However, there was relative similarities
in values of some other elements such as Ge (1 and
1.33), As (<5 and <5), and V (166.3 and 149)
respectively. The rare earth elements of the two sets
of igneous rock samples (Set B and Set E) is yet
again compared as shown Table 7.

Table 7. Comparison of the averages of rare earth
element composition (in parts per million) of igneous
rock samples from Crushed Rock Quarry in Ishiagu.

Eu 1.04 1.48
Gd 3.36 8.47
Tb 0.6 1.13
Dy 3.16 5.53
Ho 0.6 1.03
Er 1.6 2.8

Tm 0.24 0.41
Yb 1.5 2.77
Lu 0.23 0.44

Comparison of the average of rare earth element
composition of the two set of samples yet again show
a marked difference in most of the elements
especially in La (8.1 and 62.13), Ce (18.2 and
133.67) and Nd (10.5 and 56.47). This is an
indication that variety of igneous rocks abound and
coexist in that same intrusion. Some of these
intrusive igneous rocks occur as dikes or sills. The
discrimination diagrams (Figure 3-Figure 9) further
help in determining the tectonic settings and the
petrogenesis of the igneous intrusions found in that
area.

Na20+K20

Figure 3:Bivariate diagram of Na,O+K,O versus
Si0; showing the classification of the samples as
Hawaiite basalt.

Rare earth | Set B  (present | Set E
element study) 17D
La 8.1 62.13
Ce 18.2 133.67
Pr 231 14.8 Figure 4: Ternary diagram of FeO3.MgO-ALO3
Nd 10.5 56.47 showing the plot of the samples in the field of Ocean
Sm 29 11.03 Island Basalt (4).
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Figure 5: Binary diagram of Zr versus TiO, showing
plot in the field of Komatiite, Basalt + Dolerite sills.

HI3

Figure 6: Ternary diagram of Hf/3-Th-Ta showing
plot of the rock in Within Plate Basalt field (B) (after

[18]).

Nb*2

Zrl4 Y

Figure 7: Ternary diagram of Nb*2-Zr-Y showing the
samples plot in Volcanic Arc Basalt (C) and slightly
in Within Plate Basalt (AIl) fields (after [19]).
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Figure 8: Bivariate plot of Ni against V showing
negative correlation.

Na20
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Figure 9: Ternary diagram of Na,O-Hf-Cr showing
relatively high composition of Cr in the rocks.

CONCLUSION

From the petrographic analysis of the samples, it was
observed that the rock found there are varieties of
dolerite ~ (mafic rock) occurring alongside
intermediate and acidic rocks. The relatively low
content of K, Ba, P, Sr, U, Ti and Zr, and also low
K,0:Na,O ratio suggests that these rocks are basic.
Moreover, the geochemical analysis indicates silica
(Si0») content of 47.06%, which is within the range
of basic rocks. The magma was deposited in a
volcanic arc as indicated by Figure 7, whereas Figure
4 suggests that the magma that formed the rock was
deposited in an ocean island. The intrusive is
hyperbyssal and the basic rocks are associated with
the acid and intermediate rocks. This is not surprising
as many intermediate and acidic rocks can be
generated by crystal fractionation of basic magmas.
This discrepancy may also be explained by variations
in the degree of partial melting from a single magma
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source or by magma mixing /mingling.
Discrimination diagrams also plot these samples in
the fields of Komatiite, Basalt+Dolerite Sills and
Ocean Island Basalt which formed within plate.
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