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Received: 2 June 2021 underlain by migmatite, quartzite granite and charnockite. Geochemical

features of these crystalline rocks and their overlying in-situ weathering

Accepted: 21 July 2021 profiles are investigated and reported. Analytical result from ICP-MS

Published Online: 10 August 2021 facility at the University of Malaya reveals average SiO, content in
quartzite (91.1%), granite (73.8%), migmatite (67.4%) and charnockite

Keywords: (58.6%) categorize the rocks as siliceous. SiO, contents in the weathering
Akure profiles above these rocks are 61.9%, 60.2%, 52.2% and 54.6%
.. respectively. Alumina contents in the weathering profiles overlying
Nigeria quartzite (23.8%), granite (19.9%), migmatite (26.3%) and charnockite
Geochemical trends (24.3%) are substantially higher than the precursor rocks. In the same
In-situ weathering profile order, average alkali (Na,0+K,0) contents in the profiles are 3.38%, 3.42%,
. 3.48% and 2.68%. Chemical features of the profiles reflect that there exists

Kaolinitic . . . .
some correlation between the chemistry of crystalline basement and their

in-situ weathering profiles. The residual soils contain low plastic clays with

kaolinitic characteristics and compare well with other clays reported from

other parts of Nigeria basement complex.

1. Introduction land mass of Ondo State is covered by crystalline rocks

and this occur towards the north. The general landscape of
Akure area in southwestern Nigeria falls within the  Ayyre area which consists of gently rolling hills of aver-
tropical rain forest zone and the climatic conditions favour age heights has an undulating topographic outlook. Akure
both physical and chemical weathering. The alternating  and its environs are underlain by basement complex
wet and dry seasons coupled with high humidity equally  rocks. A dominant part of these rocks is weathered in-situ
allow rapid disintegration of its rocks. Vast expanse of  to form profiles with varying thicknesses and physical
land located towards eastern side of Akure is formed from  properties over these residual hills. Chemical weathering
accumulated residues of weathering in form of rock debris  which ultimately transforms these residues becomes so
deposited after transporting medium localized them in the  pronounced that they differ from their precursor basement
vicinity and low-lying areas adjoining prominent resid-  rocks. In the current study, these weathering profiles are
ual hills. The plains extend southwards into sedimentary  investigated for geochemical trends that may be related to
sequences of essentially alluvium and coastal sands inter-  their parent rocks.
bedded with lignite shale which covered substantial parts The crystalline rocks in Akure area forms part of the
of riverine areas of Ondo State. About two-third of the = Precambrian basement complex of southwestern Nigeria
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which on a regional continental scale is an extension of
the Pan-African province that extends into over twelve
countries in Africa. Within this province, the Nigeria do-
main contains crystalline and sedimentary rocks which
share the landmass almost equally. The sedimentary rocks
which are Cretaceous to Recent in age occupy the major
basins and overly the basement complex with recogniza-
ble unconformities. The crystalline rocks are categorized
into three petrological groups. These are migmatite gneiss
quartzite complex, schist belts and granite (Figure 1). Pre-
viously, several authors e.g. """ have presented the petro-
logical affiliations, mineralogical features, petrochemical
characteristics and structural geology of these ancient
basement in sections. While the petrogenetic synopsis and
geochronology of the rock units have been investigated
e.g. U1 More frequently reported among these rocks is
the Schist belts e.g."*"”" which host several tangible eco-
nomic mineralization in gold """ Banded Iron Formation
(BIF) "% marble, " and several clay deposits scattered
within the basement complex of southwestern Nigeria e.g.
327 However, Akure section of the basement complex of
southwestern Nigeria is underlain by migmatite-gneiss,
quartzite, granitoids (undifferentiated coarse-grained gran-
ite (OGu), medium-grained granite (OGe), porphyritic
biotite and biotite hornblende granite (OGp), fine-grained
granite (OGf) and charnockitic meta-intrusive (Ch) (Geo-
logical Survey of Nigeria, °") (Figure 2). This geological
map was adopted for the study and it guided immensely
during geological sampling. About 70% of the study area
is covered by migmatite which extends from north-west-
ern to north-eastern direction. However, the north central
part of Akure is occupied by granite-charnockite units.
Migmatite-gneiss had geological contacts with char-
nockite towards the west and coarse-porphyritic granite
towards east and medium-grained granite toward north-
east. The granite-chanockite association continues along a
linear strip into Ekiti and Kwara State in the north. Field
examination reveals dominance of quartzo-feldspartic
aggregates which points the rocks as acidic. However, the
opaque constituents are more obvious in charnockitic unit,
granite only has specks of these minerals scattered among
the interlocking aggregates with dominance of biotite and
iron oxide which form the main mafic minerals. The re-
lationship between textural characteristics, mineralogical
composition, degree of weathering and strength of rocks

has been established in several investigations ****.

2. Materials and Methods

Field geology entails sampling of the chemically de-
cayed in-situ rocks overlying bedrocks in the study area.
Samples are collected at different locations and at dif-
ferent depths within each profile with the help of a hand
trowel and are labelled accordingly. Samples of the soil

8 Distributed under creative commons license 4.0

profile are subjected to laboratory procedure first by dry-
ing for two weeks at room temperature; they are kneaded
and subsequently pulverized. Rocks and weathering pro-
files powders are packaged in air-tight plastic containers
and analysed by the ICP-MS facility at the Department
of Chemistry, University of Malaya, Malaysia. Four sam-
ples each were collected from profile above the quartzite,
charnockite, granite and migmatite. Another set of four
samples each of the basement complex rocks represent-
ed by quartzite, charnockite, granite and migmatite were
subjected to geochemical analysis. The total number of
samples was limited to thirty-two (sixteen for weathering
profiles and sixteen for fresh basement rocks). For analyt-
ical procedures, collected weathering profile and underly-
ing basement rock samples were dried at 60°C, crushed,
pulverized and sieved to -80 mesh. About 0.2 g samples
aliquot was weighed into a graphite crucible and mixed
with 1.5 g of LiBO,/LiB,0,. The samples were heated in a
muffle furnace which has its temperature set at 980°C for
30mins. The cooled beads were dissolved in 100 mL of
5 % HNO;. The aliquot of the solution was poured into a
propylene test tube. Calibration standards and verification
standards are included in the sample sequence. Sample
solutions are injected into an ICP-MS (Perkin- Elmer Elan
9000) and major elements composition was determined.
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3. Results and Discussion
3.1 Description of the Profiles

The profiles are associated with the rocks exhibit var-
iation in colour, texture, and weathering intensities. The
thicknesses, grain sizes and other physiographic features
also vary significantly from one location to another (Fig-
ure 3). Colour varies from white to yellowish brown in
profiles above quartzite around Ijapo Estate (Figure 3a),
while the colour ranges from grey to light brown along
Akure-Owo Expressway (Figure 3b). Profiles above por-
phyritic granite (Figure 3c) appear finer while those above
migmatite (Figure 3d) are coarser. Textural variation in
the profiles might have probably resulted from or at least
influenced by differences in textures of the parent rocks.
This equally may indicate the different lithologies have
different susceptibilities to weathering. The degree of
weathering is partly dictated by rock’s mineralogy. Rocks
with coarse grains are more susceptible to weathering than
when the same rock has fine grains "',

Figure 3. Colour and textural variation in profiles above
crystalline basement rocks in Akure area, (a) a low-lying
quartzite exposed after the thin veneer of reddish-brown
soil overlying it was excavated as filling material and part
of the outcrop locally sourced for building stone in Ijapo
Estate area of Akure, (b) a thick grey to yellowish-brown
profile overlying charnockite exposed by gully erosion
along Akure-Owo Expressway, (c) yellowish-white re-
sidual soil formed from in-situ weathering of medium
grained granite in the study area, (d) a reddish-brown
profile above a chemically decayed in-situ migmatite in
the study area .

3.2 Geochemical Trends

Analytical results of weathering profiles (Table 1)
and the crystalline rocks underlying them (Table 2) are
presented. Average analytical results in the study were
compared to similar rocks in different parts of Nigeria as
reference samples (P, Q, R, S and T) (Table 3). Analyti-
cal results (Table 1) show that the weathering profile is
siliceous, SiO, contents range between 61.4-62.3% in the
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profile above quartzite. The profile overlying charnock-
ite, granite and migmatite has values ranging between
54.1-54.9%, 59.4-60.8% and 51.9-52.3% respectively.
Geochemical features of the weathering profiles are sig-
nificantly different from the underlying basement rocks.
Average silica content of weathering profile above quartz-
ite (61.9%) is higher than the one above granite (60.2%),
charnockite (54.6%) and migmatite (52.2%). However,
these average silica values are significantly lower that
the values for their respective (quartzite, 91.1%; gran-
ite, 73.8%; charnockite, 58.6%; and migmatite, 67.4%)
precursor rocks. Average alumina values in profile above
migmatite (26.3%) is higher than charnockite (24.3%),
quartzite (23.8%), and granite (19.9%). The discrepancies
between average values of this oxide in the weathered
profile and basement rocks which are respectively 13.1%,
15.2%, 1.8% and 1.8% may have arisen due to mineral-
ogical variation and the degree of weathering as Al,O,
values are higher in the weathered products. During the
breakdown of rocks, feldspar and micaceous components
ultimately produce aluminosilicate mineral residues that
accumulate as clay minerals. There appear to be an in-
significant difference between average Fe,O; contents in
quartzite (1.7%) and its weathered profile (1.94%), this
may have links with monomineralic nature of the quartz-
ite being made of metamorphosed quartz grains which
does not change significantly during weathering activities.
However, like the basement rock of chanockitic compo-
sition which has the highest average Fe,O, value (6.4%),
the weathered profile above it equally records the high-
est value of 3.15%. The higher average value recorded
in charnockite may have resulted from ferromagnesian
minerals like orthopyroxene, biotite, and iron oxide.
The marginally lower average values in granite (6.2%)
and migmatite (4.3%) may be due to lower percentage
of these mineral aggregates in them. The slightly lower
average values of this oxide in the weathering profile
must have been attributed to chemical decomposition
of ferromagnesian mineral because of their instability at
near surface environments. Both basement rocks in Akure
area and the weathering profiles above them contain ap-
preciable amount of Na,O and K,O. The average value
of alkali (Na,0+K,0) appears to follow a coherent pat-
tern with migmatite recording the highest value (5.22%)
while weathered profile above migmatite equally record
a maximum value (3.48%). The average sum of alkalis in
charnockite (3.46%) and granite (3.25%) which yielded
minimally lower values produces a corresponding lower
value 2.68% in profile above charnockite and 3.42% in
profile above granite. Similar geochemical trends between
the basement rocks and their weathering profiles (Figure
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Table 1. Analytical result of weathering profiles above the basement rocks

Rock Profile A Profile B Profile C Profile D
(above Quartzite) (above Charnockite) (above Granite) (above Migmatite)
S/No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Oxides

SiO, 623 618 614 621 54.1 544 551 549 594 608 60.2 60.5 523 519 523 521
AlLO; 235 237 237 241 24.5 245 239 242 201 194 20.1 203 263 261 264 264
Fe,0; 2.16 1.83 1.85 190 3.12 3.08 3.08 33 1.55 148 1.57 1.60 243 245 261 237
MgO 0.07 0.08 0.08 0.08 0.05 0.05 0.04 0.04 005 0.05 0.05 0.04 0.05 0.05 005 0.05
CaO 052 058 058 0.54 0.43 041 047 042 003 0.03 0.03 0.03 0.03 0.03 003 003
MnO 0.03 0.01 0.02 0.02 0.01 001 0.01 0.01 -nd- -nd- -nd- -nd- 0.01 0.01 001 0.0l
Na,O 1.89 179 183 1.82 1.68 1.62 159 1.63 211 208 2.05 201 195 197 193 1.89
K,0 1.69 156 143 1.50 0.93 1.04 101 125 132 137 1.40 135 156 151 1.62 148
TiO, .14 1.11 1.20 1.2 6.84 653 681 642 1.06 1.06 1.03 1.05 0.06 0.05 005 0.05
P,O; 0.02 0.02 0.02 0.02 -nd- -nd- -nd- -nd- -nd- -nd- -nd- -nd- 0.0l 0.0l 0.01 0.01
LOI 6.68 752 679 6.72 8.14 836 799 783 144 137 13.57 131 153 158 149 156
Total 100 100 100 100 99,8 100 100 999 999 999 100 99,9 100 998 999 999

Note: -nd- (not determined).

Table 2. Chemical features of basement complex rocks in the study area

Rock Quartzite Charnockite Granite Migmatite
S/No 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Oxides

SiO, 899 912 917 915 58.7 589 583 586 739 738 74.0 735 674 674 672 675
ALO; 1.82  1.68 171 195 15.20 152 152 153 9.5 9.1 9.8 9.4 126 141 128 129
Fe,O; .75 1.68 171 1.65 6.51 635 649 637 6.7 53 6.7 59 4.11  4.62 437 425
MgO 0.14 0.15 011 0.17 2.96 3.04 310 29 185 1091 1.83 1.88 1.89 175 1.69 174
CaO 0.11  0.17 0.14 0.15 437 428 434 431 211 2.08 2.16 2,17 251 237 214 1.64
MnO 0.01 0.01 0.01 0.01 0.15 0.14 0.18 0.15 003 0.03 0.03 0.01 0.0l 0.01 0.01 0.01
Na,O 0.04 0.04 0.05 0.03 0.59 0.61 0.60 0.60 254 237 241 129 175 183 1.72  1.66
K,0 0.06 0.08 0.04 0.06 291 287 283 285 116 1.04 1.07 .11 3.61 357 349 325
TiO, 0.03 0.03 0.04 0.03 0.81 079 0.80 0.74 0.1 2.8 1.0 2.8 069 0.75 048 0.62
P,O; 0.02 0.02 0.04 0.01 0.01 0.01 0.0l 001 -nd- -nd- -nd- -nd- -nd- -nd- -nd- -nd-
LOI 6.12 494 445 444 7.79 7.81 815 811 214 158 2.0 1.94 5.4 3.6 6.1 6.43
Total 100 100 100 100 100 100 100 100 100 100 100 100 99.9 100 100 100

Note: -nd- (not detected).

Table 3. Comparison of average chemical composition of the profile with similar rocks

Oxides gg:;i Ci;‘r’::; fite Profile C Granite ;ri‘;g;ie ®) Q) R) (S) (T)
Si0, 61.9 54.6 60.2 522 56.9 47.9 3867 5997 6445
ALO, 238 243 19.9 26.3 27.2 33.07 9.45 2466 2028
Fe,0, 1.94 3.15 1.55 247 1.90 3.15 2.7 3.32 0.63
MgO 0.08 0.05 0.05 0.05 ; 0.19 8.5 027 0.12
Ca0 0.55 0.43 0.03 0.03 0.63 0.58 15.84 0.46 0.28
MnO 0.02 0.01 -nd- 0.01 trace trace - 0.01 0.01
Na,0 1.83 1.63 2.06 1.94 1.59 1.19 2.76 1.78 0.18
K,0 1.55 1.06 136 1.54 1.72 1.17 2.76 0.48 0.42
TiO, 1.16 6.65 1.05 0.05 112 125 ; 202 0.84
P,0. 0.02 -nd- -nd- 0.01 0.03 0.03 ; ; ;
Lol 6.9 8.08 13.69 15.4 6.56 8.00 ; 16.14 ;

Note: -nd- (not detected); trace (below detection limits)
P: Greyish clay ®”; Q: Reddish brown clay "”; R: Industrial clays and rocks "”; S: Kaoline deposits, Ubulu-Uku, Awo-Omama and

Buan, Southern Nigeria; ®; T: Tyuku clay ®”.

10 Distributed under creative commons license 4.0 https://doi.org/10.30564/jees.v3i2.3308



Journal of Environmental & Earth Sciences | Volume 03 | Issue 02 | October 2021

4) indicate coherent relationship exists between them.
The correlation of values may imply copious evidence
that the composition of weathered products of these rocks
significantly depend on the parent rock. Analytical result
(Table 1 and Table 2) reveals that the loss of ignition
(LOI) values is high. However, LOI values are higher in
the weathering profiles when compared to their crystalline
rock equivalent. The difference may be due to higher po-
rosity or ability of the weathering residues to absorb water
into their crystal structures which is ultimately given off
during decomposition of the soil during analysis as loss
on ignition. Except for higher SiO, values, the chemical
composition of Akure weathering profile resembles that
of clay and lateritic soils. Even though the physico-me-
chanical parameters of these overlying soil profiles are not
evaluated in this study; however, field examination reveals
they are of low plasticity and can barely be moulded into
balls when water was added implying, they tend towards
kaolinitic clay. Previous research reveals that clays in the
basement complex areas of Nigeria could exhibit variable
geochemical features or differ markedly in their industrial
application. Average silica content of weathering profile
above quartzite (61.9%) in Akure is marginally lower
than Iyuku clay ”* (Table 3). However, silica content of
weathering profile above granite (60.2%) in Akure area is
comparable to Kaoline deposits reported by ** from Ubu-
lu-Uku, Awo-Omama and Buan areas of Southern Nigeria.
Average alumina content of reddish-brown clay (33.07%)
B is significantly higher than all the investigated soil pro-
files in Akure. However, the average content of this oxide
in profile above charnockite (24.3%) is comparable to
kaoline deposits (24.66%) from southern Nigeria P*. This
average is equally higher than clay (9.45%) evaluated by
B3 and Tyuku clay "*'. Average Fe,O, content in profile
above charnockite (3.15%) in Akure area is comparable

[32]

to the reddish-brown clay "~ while the average iron con-

tent in profile above quartzite in the study area (1.94%) is
comparable to grey clay (1.90%) “*. All the weathering
profiles evaluated from the study contain CaO contents
that are grossly lower than (15.84%) recorded for industri-
al clays "*'. Average TiO, contents of weathering profiles
in the study area are grossly lower than Kaoline deposits
from Ubulu-Uku, Awo-Omama and Buan, area of south-

B4 This research indicates that weathering

ern Nigeria
residues across many domains of Nigeria basement are

compositionally variable.

Distributed under creative commons license 4.0

SiD, ALD, Fe0, MO ca0 MnO Na.O K0 TvD P.0,

ROk e PrOfile

Figure 4. Correlation of chemical composition of the
basement rocks and the weathering profiles.

4. Conclusions

From the study, the following conclusions are made.
The weathering profiles are formed in-situ and vary in col-
our, texture, and thickness. The composition is siliceous
and there exist some correlations between the chemistries
of weathering profile and their underlying crystalline
basement rocks. The geochemical features of the profiles
portray high alumina and alkali contents but with slight
variations that are related to the parent rock chemistry.
Field investigation shows the weathering profiles have
characteristic features comparable to kaolinitic and low
plastic clays and are like other industrial clay deposits in
southern Nigeria.
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