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Abstract

The preliminary investigation of petrographic and geochemical characteristics of
crystalline rocks  in Jebba, central Nigeria was carried out in order to establish the
various rock types in the area. Petrographic studies were carried out using thin
sections of the rock samples and geochemical analysis was carried out using X-ray
Fluorescence (XRF) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
Field mapping indicated that the area is underlain by granite (porphyritic granite),
granite gneiss. quartzite and schist. The pefrographic studies indicated the main
mineral assemblages in the crystalline rocks as: quartz, plagioclase, microcline and
biotite. Results of geocheniical analysis established SiO, and AlLO; as dominant
major oxides in the investigated rocks ranging from 46.66 to 97.6 wt. % and 0.25 to
17.48 wi. % respectively. Average values of CIA (Chemical Index of Alteration),
PIA (Plagioclase Index of Alteration) and CTW (Chemical Index of Weathering) of
the rocks are 59.2, 65.0 and 72.8 (granite gneiss): 58.4, 62.9 and 70.6 (granite); 67.7,
79.9 and 83.3 (quartzite): 37.9. 61.4 and 66.4 (schist) respectively. The intensive
weathering of the rocks would have contributed to the concentration of metals in the
water phase of the study area. Most of the rare earth elements in granite gneiss are
highly enriched with respect to abundance in the earth crust having values greater
than 1 ppm while granite and quartzite are depleted in these elements.

Keywords: tock types, petrography, geochemistry, weathering indications and
envichment,

Infroduction

Rocks are considered as aggregates of one or miore minerals formed from cooling of
molten magmas, consolidation of sediments, and/or alteration of pre-existing rock
materials under high pressures and temperatures (Pelig-Ba. 2012: Hatch er al.,
1979). As reported by Pelig-Ba 2012, minerals may be either amorphous or
crystalline and also vary in grain size and morphology. However. it may be very
difficult to trace the origin of minerals in rocks to the original magma since the
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original composition may have changed due to the loss of volatile substances during
exposure leaving behind residual materials (Pelig-Ba, 2012: Hatch et al., 1979). The
type of crystalline rock formed and its mineralogical content depends on the mode of
formation and the host environment as a whole. Hence, the chemical make-up of
rocks depends on the original chemical composition of the magma as well as the
processes occurring dwring or after the cooling, duration and geochemical
environments in which the crystalline rock was initially deposited. This is the reason
wly various rock types are found with varying compositions ranging from minimal
chemical differences to very different rock types. There are many different types of
rocks with varying mineralogical and geochemical compositions and these
determine their respective suitability for man’s uses. Hence. there is the need to
critically examine their mineralogical and geochemical compositions.

The study area forms part of the Nigerian basement complex (Fig. 1). The Nigerian
basement complex is a part of a late Proterozoic to early Paleozoic mobile belt east
of the West Africa craton. This basement complex comprises gneisses, migmatites
psanunitic rocks, schists, amphibolites and intrusive igneous rocks. It is reported that
the basement complex is polycyclic and bears the imprint of four thermo-tectonic
events (Liberian-ca 2700 Ma, Eburnean- ca 2000 Ma, Kibaran- ca 1100 Ma, and
Pan African- ca 600 Ma (Van Breemen, er al., 1977; Grant, 1978; Fitches ef al,
1985; Ekwueme, 1987; Rahaman, 1988; Okonkwo, 1992). Jebba area lies at the
northern margin of the south-western sector of the basement complex and is
separated from the north-western sector by the Cretaceous to Tertiary sedimentary
rock of the Bida Basin. Okonkwo (1992) discussed the lithostratigraphic units of
Jebba area as migmatitic gneiss, granitic gneiss, metagreywacke, quartzite, quartz-
biotite schist and post-tectonic granitic rocks.
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Figure 1: Generalized geological map of Nigeria showing study location (Geological
Suirvey of Nigeria, 2004)

Methodology

The mapped area is situated within longitude 4°43°E; 4° 52°E and latitude 9° 07°N;
9° 11°29°N (Fig. 2). Geological mapping was undertaken to determine the rock
types, their distribution and lithelogical boundaries. Accessibility was facilitated by
roads and foot paths. At each location. rock samples were examined and located on
the base map using Global Positioning System (GF3). Field measurement of strikes,
dips. joint directions and faults were taken for stuctural study with compass
clinometers. Foliations, joints, mineral lineation and intrusions were some of the
observed features. Twenty thres samples were selected from representative rock
types in the study area and subjected to geochemical analysis to determine the
concentrations of the major oxides, wace elements and the rare earth elements and to
assess their weathering history. The rock samples were pulverized in the Geology
laboratory of University of Ilorin. Nigeria prior to geochemical analysis in ACME
Laboratory, Canada using Inductively Coupled Plasma- Mass Spectrometry (ICP-
MS).The pewographic preparation of the rock slides was carried out in Geology
Laboratory of University of Ibadan, Nigeria. It involved cutting the respective rock
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sample into small rectangular pellet of 3 mm. mounted on glass slide using resin
araldite. The slide was then lapped on a glass plate using medium-grain
carborundum as abrasive in order to create Tiction between the rock pellet and the
glass. This automatically reduced the slide thickness to a thickness of 0.3 mm. The
thinned rock was sealed using Canada balsam.
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Results and Discussion

The main rock types mapped in the study area consist of granite, granite-gneiss,
quartzite. biotite schist and schist (Fig. 2).

L EGranite Gneiss

" River
¢ Gealogical Boundary
*  Sample tocations

% Striks & Dip

Figure 2: Geological map of the study area

Granite-Gneiss

Granite-gneiss is not well exposed in the area and generally occurs in the south
eastern part of the study area (Fig. 3). They are generally low lying, weakly foliated
and strongly mineralogical lineated. Occasionally. there are minor intercalations of
hornblende-biotite gneiss which are generally enclosed in the granite gneisses. The
granite gneisses are intruded by granite and pegmatite while the contact between
granite gneiss and quartzite are gradational. Augen structures (eye-like structure)
and asymmetry folds are prominent on the granite gneiss (Fig.3). Generally, joints
trend NW-SE direction. The planar surfaces mainly dip towards the east. Quartz
vein and quartzo-feldsparthic intrusions (average width of 4 cm) are observed on the
granite-gneiss. In hand specimen, the rocks are medium to coarse grained and in
some places dissected with quartzo-feldspathic veins. In thin section, modal analysis
(Table 1) shows that the granite-gneiss is chiefly comprised of quartz (24 %),
plagioclase (31 %), bictite (35 %) and chlorite (7 %). Similarly, the light and dark-
coloured minerals representing quartz and biotite respectively are clearly seen in the
photomicrographs of the granite-gneiss (Fig.8). The quartz is colourless under plane
polarized light and occurs as euhedral prisimatic crystals. The plagioclase is
characterized with its distinguished polysynthethic twinning according to Albite law.
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Biotite is brownish in thin section and exhibits pleochroism. It occurs as plates and
laths which show preferential alignment with the foliation plane.

Cuartz vein

Asymmaetry fold

Figure 3: Field photograph showing Asymmetry folds and, augen structures
defined by quartz veins and foliation planes (9°8°30°°N; 4°49°30°°E)

Figure 4: Field photograph showing Open folds in granite gneiss showing fold
axis (9°8°07°N; 4°49°07°EF)

The SiO, content of the granite gneiss ranges from 48.82-73.47 wt % (average, 65
wt %) which corresponds to an intermediate fc felsic composition. AlO; ranges
from 11.85-15.85 wt % (average, 13.7 wt %) while Fe;O3 ranges from 3.22 — 15.35
wt % (average. 7.1 Wt %). MgO varies from 0.17 — 5.62 % (average, 1.9 Wt %),
Na,O content ranges from 1.99 — 3.68 wt % (average, 2.6 wt %), K;0 from 1.09 —
6.25 % (average, 4.1 wt %) and CaO from 0.53 — 8.94 wt % (2.9 wt %). MnO ranges
from 0.003 - 0.21 wt % (average, 0.08 wt %) while TiO, ranges from 0.26 - 2.02 wt
% (average, 0.8 %). P,Os ranged from 0.04 — 0.58 wt % (average, 0.2 wt %), Cr0s
varied from 0.002 — 0.04 wt % (average, 0.02 wt %), Table 2. The TiOzvalues were
generally less than 1 wt % in the granite gneiss but some samples showed values up
to 2.02 wt %. This confirmed the presence of mica and feldspar groups of minerals
in the rock (Pelig-Ba, 2012). The Na;O concentration in the rocks is consistently
lower than K.0. K,O/Na,O ratios are consistently higher than 1 which reflects
abundance of potassium bearing rock forming silicate e.g. biotite (Oyinloye, 2011).
The concentration of Si0Q, AlLQO; Na,O and K,0 in granite-gneiss indicates
abundance of felsic silicates.

The trace elements concentrations are presented in Table 3. The level of Rb ranges

from 26.2 to 260 ppm (average=146.76 ppm) while Sr and Ba range from 89.1 to
3317 ppm (average=173.6 ppm) and 310 to 1148 ppm (average=714 ppum)
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respectively. In the granite gneiss, the moderately high average value of Rb indicates
high plagioclase mineral concentration as cobserved in the thin section study
(Oyinloye, 2011). The ratio of trace element concentration of the rock samples with
the corresponding average value in the earth crust (Krauskopf and Bird, 1995) was
obtained to determine the enrichment value. The mean ratios of Rb for all the
samples selected for granite-gneiss was 2.4 which was more than unity suggesting
high enrichment value of Rb in the rock. The range of the enrichment value was
from 0.4 to 4.3 for Rb, 0.73 to 2.7 for Ba and 0.2 to 0.9 for Sr. The average
enrichment value for Ba and Sr were 1.7 and 0.5 respectively depicting that Ba is
enriched and Sr is less enriched (< 1). Table 5 presents the average enrichment
values for trace metals in the samples analyzed. There is significant enrichment of
Au in the granite-gneiss in the study area. Pb shows a significant enrichment of more
than 1. This may enhance its contributions to its concentration in the water phase
during weathering and dissolution. Fig. 9 illustrates the UCC-normalized averages
in trace element concentrations in the granite gneiss of the study area. Rare earth
elements analyzed in the rock samples of the study area include Th. Y, La, Ce, Pr,
Nd. Sm. Eun, Gd, Tb, Dy, Ho, Er, Tm. Yb and Lu (Table 4). Th, Y «and Ce ranged
from 1.6 to 93.4 ppm, 15.2 to 50.4 ppm and 66.1 to 162.7 ppm respectively. It has
been reported that REEs most especially Dy. Ho. Er, Tm, Yb and Lu reside in
refractory minerals such as zircon. sphene and gainet phases and their levels could
be attributed to the presence of these minerals in the granite gneiss (Sahoo er al.,
2011). Their enrichment values were determined with respect to Upper Continental
average Concentrations (UCC) (Krauskoptf and Bird, 1995). The enrichment value
for the rare elements were more than 1 except Dy and Eu which shows unity value
respectively (Table 5). This implies that granite gneiss in the study area is highly
enriched in most of the rare earth elements. The enrichment values of these rare
earth elements are highest in granite-gneiss compared to granite, quartzite, and
schist/biotite schist. The high enrichment value recorded for the elements in granite-
gneiss could contribute to their concentrations in the water phase during weathering
and dissolution. Fig. 10 illustrates the UCC-normalized averages in rare earth
element concentrations in the granite gneiss of the study area.

Quartzite

Quartzite occurs in well exposed outcrops in the area where its forms prominent
ridge trending N —S which extends west of Jebba towrn. very close to the River
Niger. It varies between massive to foliated quartzite (Fig. 5). The massive types of
quartzite are not well enriched in muscovite compared with the foliated quartzite.
They are probably thought to be produced by regional metamorphism of sandstones
during Orogenic activities (Okonkwo, 1992). The foliation planes dip toward the
west. Micro-folds are observed on the massive quartzire and the joints trend NW-SE
direction.
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Figure 5: Field photograph showing Foliation of quartzite in south west Tebba, joint
cuts across the foliation trend. (9°7°307>N; 4049’0”]2)

In thin section. the rock contains quartz (90 %) which is colourless under plane
polarized light and also exhibits itself as euhedral prisimatic crystals. Trace of
muscovite is also observed with modal comyposition of 9 %. The photomicrograph is
presented in Fig. 8. The SiO, content ranges from 78.22 — 97.6 %, Al O5 ranges
from 0.25 — 11.75 %, Fe,0; ranges from 1.18 — 2.06 % and MgO varies from 0.02 —
0.71 %. Others major oxides like CaQ varies from 0.04 10 0.33 %, Na,O varies from
0.02 to 4.67 %, K,0 varies from 0.06 to 2.4 %, TiO, ranges from 0.01 to 0.18 %a.
P-Os ranges from 0.02 to 0.08 % and Cr,0; ranges from 0.02 to 0.003 %. Only MnO
is below detection limit of 0.01 %. The relatively high values of silica in the rock
samples are characteristic of quartzite. The geochemical data of the analyzed rock
samples in the study area is presented in Table 2. The descriptive statistics of the
race elements is presented in Table 3. Ba. Rb. Sr and Pb range from 30 to 645 ppm,
2.2 10 52.9 ppm, 3.8 to 148.1 ppm and 0.5 to 1.4 ppm respectively. The values
obtained are less than those obtained for granitic rocks. In terms of relative
enrichment Pb, Rb and Sr indicate low enrichment except Ba that has an average
value of mnity and may probably decrease their contributions to the water phase
during weathering and dissolution. Fig. 9 illustrates the UCC-normalized averages in
frace element concentrations in the quartzite of the study area. The concentrations of
the rare elements are presented in Table 4. The average values of almost all the
elements in quartzite are relatively less than their corresponding elements in the
granitic rocks. Consequently. they have low enrichment values. The relative loss of
the Iess mobile elements such as. Nb and Y suggested that samples had undergone
some early metamorphism or deformation to some extent. Fig. 9 illustrates the UCC-
normalized averages in rare earth element concentrations in the quartzite of the
study area.

Schist

The schist in the study area is a highly massive weathered outerop with different
jomnts. Schist is formed in the area due to constant ugh temperature of rock during
metamorphism. They composed of visible platy pattern with mineral alignments

17



512812020

PDF.js viewer

0. A. Omotoso et gl.

trending NW — SE direction. The schists are leucocratic quartz mica schist in which
white bands is alternating the grayish ones. The schist also contains thin, more
siliceous bands possibly to be a reflection of original sedimentary grading
(Okonkwo, 1992). Biotite schists are also identified on the field. Pinch and swell
structures were observed on the quartz-mica schist- which cut cross joint and
asymmetric folds (Fig. 6). Joints trend NW-SE and the dip of foliation planes is
toward the west,

Asymmesric
Takd

Figure 6: Field photograph of Pinch and swell structure on quartz-mica schist.
Note also the cross-cutting joint as well as an asymmetric fold. (9°7°287°N; 4°
50°12°E )

Thin sections were prepared and examined under the petrographic microscope to
determine the mineralogical compositions of the biotite schist/schist. The following
minerals were observed: Quartz (32 %), plagioclase (26 o). microcline (27 %) and
biofite (12 %).The biotite schist (sample BL10) is impoverished in silica (53.75 wt
%) but enriched in Al 05, Fe,0s, MgO and CaO which is consistent with mafic
characteristics. The low value in silica content is compensated by its enrichment in
Ti0, (2.02 wt %). The TiO, content is low in all the samples, generally < 1 wt %.
However, some samples in granite-gneiss, schists and biotite-schist are relatively
richer in Ti0, with levels > 1 wt %, Titanium is believed to be associated with mica
and feldspar groups of minerals and its level could be attributed to the presence of
these minerals (mica and feldspar groups of minerals) in the rocks. Other sources of
Ti are from minerals where it can substitute for Al, Mg or Fe (Deer et al, 1996:
Pelig-Ba, 2012). Some of the schist and biotite schist samples have higher
percentage of CaO and MgO contents Up to 4.88 and 2.5 wt % respectively
suggesting the availability of mafic minerals,

The results of geochemical analysis and the statistics of the trace elements are
presented in Table 4.3. Ba, Co, Cs. Ga, Hf. Nb. Sn, Sr. Ta, U, V, Zr, Mo, Cu, Pb, Zn.
Ni, As, Au anf T1 were detected in the geochemical analysis of the meta-sedimentary
rocks. However, Be, W. Cd, Sb, Bi, Ag, Hg and Se are below detection limits. The
relatively high value of Rb reflects an evidence of plagioclase minerals in the
samples. On the basis of enriclment value, Zr, Su. Rb. Hf and Ba are enriched in
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relation to their respective average compositions in the earth crust. Others are less
enriched. The enrichment of Ba. Zr. Sn. Rb and Hf may constitute their solubility in
the water phase during weathering of the rocks thereby increasing their natural
composition in water phase. Fig. 9 illustrates the UCC-normalized averages in trace
element concentrations in the schist of the study area. The Rare elements detected n
Biotite schist/schist are: Th, Y, La, Ce. Pr, Nd, Sm. Eu, Gd, Tb, Dy. Ho. Er, Tm. Yb
and Lu. Their respective concentrations and statistics are presented in Table 4.
Based on the enrichment values, Dy. Ho. Pr and Th are depleted and others are
enriched. They could therefore contribute to their respective concentration in the
water phase during weathering and dissolution. Fig. 10 illustrates the UCC-
normalized averages in rare earth element concentrations in the schist of the study
area.

Granite

Granite ocewrs in the northeastern and northwestern part of the study area (Jebba
North). It occurs as high-rising exfoliated and rounded bodies Usually called
inselbergs or small low-lying exposures. The rock is medium to coarse grained and
mesoporphyritic in texture (Fig. 7). The outcrops have sharp contacts with the
swrounding metamorphic rocks and the Pegmatitic and quartz veins found within
them. The width of the veins ranges from about 4 cm to 7 cm and they mainly trend
NE-SW. In outcrops, the rock is leucocratic to mesocratic, depending on the
ferromagnesian contents

Figure7: Field photogmphhowmg Porphitic granite and pegmatitic vein
(9°8730"N; 4%49°307°)

The following minerals were identified: quartz, plagioclase. microcline, biotite,
chlorite, scolecite and epidote. The modal composition of the minerals under the
petrographic microscope indicates the percentages of the minerals as follows: quartz
(25 %), plagioclase (10 %), microcline (40 %), biotite (14 %). chlorite G %),
scolecite (2) and epidote (3). The photomicrograph and modal compositions of the
minerals observed are presented in Figure 8 and Table } respectively.
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The concentrations and the statistics summary of the major oxides in the granite rock
samples of the study area are presented in Table 2. The SiO, content of granite
varies from 60.07 — 72.58 wt % (Average. 67 Wt %). This denotes that majority of
the granite rocks may be classified as felsic igneous rock. Al;O; ranges from 14.76 -
17.48 wt %, Fe,0; from 0.04 — 2.95 wt %, CaO from 1.02 - 5.2 wt %, Na,O from
3.22 — 5.27 wt % and K,O from 3.4 — 6 wt %. Others like TiO, vary from 0.03 —
0.74 Wt %, P,Os from 0.02 — 0.31 wt % MnO from 0.04 to 0.09 wt % and Cr>0;
from 0.02 to 0.03 wt %. K,0/Na,0 ratio ranges from 0.6 — 1.5 which reflects almost
the same compositions of potassium bearing rock forming silicate (Alkali feldspar —
microcline) and sodium rock forming silicate (plagioclase feldspar — Albite) in the
granite (Oyinloye, 2011). The trace elements in the granite samples are presented in
Table 3. Ba, Rb and Sr ranged from 130 to 3056 ppm, 48.2 to 238 ppm and 143.7 to
1635.8 ppm respectively. The average values of Ba and St in granite is higher than
those of granite-gneiss but the concentration of Rb is less in granite than in granite-
eneiss. This is due to the fact that the rocks have undergone some early
metamorphism or deformation to some extent. In terms of relative enrichment
values. Ba, Rb and Sr are highly enriched having values greater than unity (> 1).
Certain degrees of these elements are dissociated into the water phase thereby
increasing their respective concentration. More important is lead, having a
concentration of range of 2.2 to 41 ppm and enrichment of 1.3. The granitic rock
could contribute part of the Pb concentrate into water phase during weathering. In
general, about 50% of the elements show high enrichment in granite elements. Fig.9
illustrates the UCC-normalized averages of trace element concentrations in the
granite of the study area. The statistics of the rare elements are presented in Table 4.
Th, Y and Ce ranged from 0.5 to 12.1 ppm, 4.7 to 17.4 ppm and 6.4 to 39.4 ppm
respectively. The average values obtained are lower than those obtained in granite-
gneiss. On the basis of enrichment value, the rare elements are less enriched in
granite (Table 5). Fig. 10 illustrates the UCC-normalized averages of rear earth
element concentrations in the granite of the study area.

Weathering Indications .
These are determined in this research using Chemical Index of Alteration (CIA),
Plagioclase Index of Alteration (PIA) and Chemical Index of Weathering (CTW) as
suggested by Nessbitt and Young (1982). The CIA, PIA and CIW are calculated
using the molecular proportions as follows; CIA =
[ALO;*100/Al,0:+Ca0+Na,0+K;0], PIA = (Al;O0; — Kz0)/ (Al:O5 + Ca0 +Na0 -
K,0)*100 and CTW = (AL,0s/ AL;O; + Ca0 + Na,O) * 100. The CaO content was
assumed to be derived from silicate fraction since carbonate and apatite were
negligible. Fresh rocks or minerals such as albite, anorthite or K-feldspars have CIA
up to 50%, fresh basalts have between 30 and 45% while granite and granodiorites
range from 45 to 35% and fresh muscovite having values up to 75%. Clay minerals
which are weathered products of fresh rocks have higher values, illites and
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montmorillonites have a range from 75 to 85%, kaolinites have up to 100% (Nessbitt
and Young. 1982). These values suggest that the higher the CIA value the more
weathered the rock. The CIA values obtained in this study for granite-gneiss,
granite, quartzite and biotite schist/schist range from 52.7 to 70 % (average=59.2
%). 57 t0 59.3 % (average, 58.4 %), 61.4 to 74.1 % (average, 61.36 %) and 51 to
63.7 % (average. 57.9 %) respectively (Table 4.6). The PIA values computed for
granite-gueiss, granite, quartzite and biotite schist/schist range from 52.9 — 76.4 %
(average, 65 %). 61.9 — 64.6 % (average, 62.9 %), 63.2 — 98.6 % (average, 79.9 %)
and 51.6 — 68.3 % (average. 61.4 %) respectively Table 4.2, Similarly, the CIW
values calculated for granite-gneiss, granite, quartzite and biotite schist/schist varied
from 55 -~ 79.6 % (average, 72.8 %), 67.6 — 72.5 % (average, 70.6 %), 70.1 —99.1
% (average, 83.3 %) and 52.6 - 76.2 % (average, 66.4 %) respectively.

Quartzite has the highest average value of CIA. PIA and CTW while Schist/biotite
schist has the lowest. This shows that quartzite has highest degree of weathering.
Hence, there is contribution of weathering of some minerals in the water phase of
the study area. ) .

aEk

orite,

;i

2 o
=muscovite, C=chi

O=quartz, P=plagioclase, M=microcline, Bbr‘m‘e, if
S=schist, E=epidote
Figure 8: Photomicrograph of (a) granite gneiss, (b) granite (¢) quartzite and (d)
schist
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rocks in the study area

Minerals (94) Granite-gneiss  Granite  Quartzite Schist
Quartz 24 23 S0 32
Plagioclase 3 10 - 26
Microcline - 40 - 27
Biotite 33 14 - 12
Muscovite - - 9 -
Chlorite 7 3 - -
Scolecite - 2 - =
Epidote - 3 - -
Total 97 99 99 97

Table 2: Chemical Compositions of M
samples in Jebba environs and their weatherin

g indications

ajor Oxides in wt % of analyzed Rock

3§0urnals.unilcrin.edu.ngi}ournals/index.php/cjs/issue/view!234fomtoso

Granite-Gnaiss
tamplaip 50 ) £y razo c30 a:0 50 Tio: B0y rn0 50, CIA PLA ciw
33X 628 15.85 a24 235 131 223 275 LIt 0.17 013 0.04 63.98 7633  79.65 |
K1z 688 14.6 322 074 196 as7? 6.02 046 0.a2 0.002 0.03 3305 8545 7632
8L+ 7188 1268 419 a54 132 199 625 0.37 o.0s 8.0 0002 5701 6802 79320
519 7347 1185 456 0.17 053 3568 428 0.26 0.04 002 <0002 5326 g4 7379
LP1 3BB2 1373 1s3s 362 £33 231 109 2.02 Q58 021 0011 5287 5391 5455
sverage G531 13342 TA3) 1EB4 2313 2358 4072 0639 G2 00806 ©O02075 592 65,0 723
min 4582 1183 32 1554 053 1.39 109 0.26 1) 0C03 .00z 27 52.9 55.0
max 7347 1585 1533 562 3.4 ER-] 625 202 ose ozl 004 00 5.4 796
sy 532 157 257 2.35 342 o.55 215 2.74 0.32 005 0.02 64 3.2 0.3
Granite
Samplatp 5K A0y 2,0, RigO ca0 Ha. & K0 Tio P:0; ) €0, Q1A PLA aw
I7EY 80.07 1748 405 0.9 5.2 5.0 543 0.27 0.23 093 <0002 5270 5401 6301
IN2 5561 1561 41 100 301 433 in 034 611 007 0005 5722 5384  gsoa
ILTS 6883 1561 241 052 13 &.77 476 02 0.06 0.04 2002 5772 183 7g0s
Elt:] 62.03 1842 .04 085 233 253 4.B2 0.22 005 0.06 G002 $7.37 8155 63.50
IN1Z 7031 15,37 242 Q.58 22 813 34 0.18 .03 .05 0021 58.81 si9x 6764
KRS, 68.22 15.29 269 0.63 153 453 is 0.24 0.05 .06 0.002 §7.55 £1.89 7020
R1 6591 1597 243 027 158 4.87 & 015 0.08 006 <0002 STBE 6297 7245
R2 7256 147 153 0.04 Lo 5.7 <07 0.03 ooz 004 <0002 5876 5296 7012
29% 612 16.35 5686 255 462 3.22 363 a7 031 09 0.03 5877 8137 6753
U7X 857 1555 372 15 2.6 326 374 035 015 067 0.02 5933 8461 7243
PUerage 56814 15836 3251 0935 2623 4557 | 4535 0278 0.11 0.063 2.01 584 €29 70.6
min BDO7 1476 195 0.04 162 el 34 0.03 002 0.c4 ooz 576 613 675
max 7256 1748 5.56 285 5.2 5.27 3 073 031 002 0.02 593 84.6 725
sedey 386 [55:5) 13 064 133 72 833 919 009 S 0oz 001 038 11 20
Quartzite
Srmpla(p 50 ;0 Fa.0, Mz0 =) %G Tio, Pa0y WD rel; aa PiA CIw
= 23.02 5.37 2.06 036 1g3 0.18 004 €301 0002 7407 sasl 9308
IR0 976 0.25 177 ooz 002 2.08 0.01 0.02 <001 <002 6757 7600 8065
Ra 7822 1175 11 0.71 0.33 24 o.14 0.08 <601 0003 6136 €516 7015
sversgs  SB.277 5790 1670 0353 0185 1430 0110 0047 801 0.002 67.7 73.9 £33
rin 722 @.25 itz 0.02 0.0q 0 .06 001 0.02 0.002 614 65.2 T0.1
max 975 1175 206 071 0.32 .67 24 0.18 0.08 0.003 741 38.6 s9.1
dav 3711 5761 0443 0345 0205 2676 1220 0.089 0.031 0.001 64 17.3 145
Schist and Biotite Schist
Sampletp 510 A0y Feuly e can Na.o K,0 Tig, P30, ) rid; CIA. FlA =
AL2 7552 1144 218 0.78 124 234 445 0.29 0.9 003 0005 5873 6610  76.17
L7 4666 1374 1r23 2, .25 255 052 215 0.26 225 0004 5138 5164 5260
Al 727 s 274 0.83 101 118 2 0.33 013 oar 0.005 6270 5323 7ag3
5L10 S35 14.46 14.4 25 4.38 32 s 2.02 0.73 8.15 D.003 57.70 5862 8410
averzze 63.3 13.7175 9.4 15 4.243 28175 214225 12475 03075 Gais Q.00425 579 614 654
min 4655 1173 274 o7 101 232 052 0.25 ooy 0.02 0.003 16 516 526
msic 12T 1848 172 4355 8.85 232 446 318 075 036  0.005 637 65.2 762
stdaw 15412 1628 7531 1755 4136 04ag 1515 1352 0304 D113 agood 50 75 s
22



5/28/2020 PDF js viewer

-

0. A. Omotoso et qf,

Table 3: Geochemical Results of Trace elements in the crystalline rock of the study
area in ppm
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Table 5: Envichment values of trace and rare elements in rock samples of the study
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area
Trace Elements

Abundance in Earth Enrichment
EC et Crust {ppm)

Granite-Gneiss Granite  Quartzite Schist/Biatite-schist
ag ent 8oL 80L BOL
As 2.1 1.3 B0L 0.3 0.3
Au £.06031 387.1 3011 250.3 1346.8
Ba 425 7 4.9 1.0 1.4
Be 19 14 BOL 80L 8oL
Bi 0.025 4.0 BDL 80L BDL
Ccd - BDL BOL 30L BOL
Co 30 0.7 0.3 0.1 0.7
Cs 1.9 1.7 24 0.4 0.9
Cu 68 0.8 01 0.1 1.0
Ga 19 0.9 0.8 0.2 0.8
Hf 33 2.3 3.2 0.7 1.6
Hg BDL BOL 8oL BDL
Mo 3 il 1.0 a.6 0.2 0.7
Nb 1 0.8 0.3 01 0.6
NP S0 0.3 o1 0.1 0.1
Pb 10 1.4 1.3 01 0.1
Rb 60 24 1.9 0.6 abal
Sh 0.2 1.0 BOL 0L 0.5
Se - BDL BDL B8DL BDL
Sn 2.2 13 T EDL G
Sr 360 0.5 3.0 0.2 0.7
Ta 1.7 0.4 0.3 0.2 0.4
Tl 0.53 0.3 BOL 0.2 0.4

U 1.8 1.0 0.7 0.4 0.5
. v 150 0.6 0.2 0.1 09
W 5 i 720 94.1 189 BDL
In 73 0.7 0.3 0.0 0.6
2r 130 2.3 1.1 0.7 1.7

8DL= below detection limit
Rare Elements
Element Abundance in Earth Enrichment
Crust {ppm) Granite-Gneiss  Granite Quartzite Schist/biotite schist
Ce &0 13 9.5 0.6 1.2
Dy 6.2 10 0.2 0.2 0.5
Er 3 13 0.3 0.3 13
Eu 1.8 1.0 03 D.2¢ 1.0
Gd 52 14 0.3 D3 12
Ho 1.2 1.2 0.2 .2 0.9
la 34 17 0.4 04 1.0
nd 33 1.4 0.3 0.3 ate;
Pr 8.7 14 0.4 0.3 1.0
Sm 6 1.3 0.3 0.3 1.1
To 0.54 1.2 0.3 0.2 10
Th & 3.6 0.8 0.6 0.7
™™ 0.45 13 0.3 0.2 1.0
¥ 29 11 0.3 03 1.0
Yh 2.8 1.1 0.3 0.2 1.0
25
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Figure 9: UCC-normalized averages of trace element concentrations for crystalline
rocks in the study area (after Taylor and McLennan, 1985)
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Figure 10: UCC-normalized averages of rear earth element concentrations for
crystalline rocks in the study area (after Taylor and McLennan, 1985)

Conclusions

The petrological and geochemical characteristics of wocks in Jebba area were
Investigated in this study. Porphyritic grauite, granite gneiss, quartzite afid schist are
the main rock types in the study area. The petrographic analysis of the rock samples
revealed the main minerals constituent common to the rocks as quartz (modal
composition=24% for granite-gneiss, 25% for granite, 90% for quartzite and 32%
for schist) , plagioclase (modal composition=31% for granite-gneiss, 10% for granite
and 26% for schist). microcline (modal composition=40% for granite and 27% for
schist) and biotite (modal composition=35% for granite-gneiss, 14% for granite and
12% for schist). Others include: muscovite, chlorite, scolecite and epidote. The rocks
have undergone moderate to high degree of chemical weathering as revealed by the
values computed for chemical index of alteration. plagioclase index of alteration and
chemical index of weathering. This has direct influence on the water found around
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the vicinity of the country rocks. While Au, Ba and W are enriched in granite others
trace elements are depleted. Also, Zr, Sn. Rb, Hf, Cu. Ba and Au are enriched in
biotite schist/schist. The rare earth elements are enriched in granite-gneiss and
schist/biotite schist but are generally depleted in granite and quartzite.
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