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Abstract

The quartzites of Owu-lle, situated within the southwestern sector of the Nigerian Basement Complex,
form part of the Pan-African orogenic domain and record a complex polycyclic metamorphic history.
This study integrates geological mapping, petrography, and whole-rock geochemistry to elucidate the
compositional and tectono-thermal evolution of these quartzites. The rock assemblage is predominantly
comprised of quartzite, migmatite-gneiss, syenite, and pegmatite. Quartzites exhibit both massive and
foliated fabrics, with granoblastic textures and modal compositions dominated by quartz (average.
90.56 %), accompanied by muscovite (5.69%), opaque minerals (2.75% ), and trace accessory phases.
Optical petrography reveals pervasive undulose extinction, subgrain development, and microfractures,
indicating significant post-depositional deformation and recrystallization. Geochemically, the
quartzites are compositionally mature, with SiO: contents ranging from 95.61-97.66 wt.% (mean:
96.49 wt.%), and systematically low concentrations of TiO:, Al:Os, Fe:0s, KzO, and other major
oxides. Trace element signatures (e.g., Ba, Zr, Cr, Rb) are depleted (<30 ppm), and immobile element
ratios (TiO/Zr) plot within the felsic field, implicating derivation from reworked continental crustal
sources, notably surrounding migmatitic and granitic lithologies. Collectively, the petrochemical data
support the classification of the Owu-lle quartzites as quartz arenites of sedimentary origin,
metamorphosed under greenschist to lower amphibolite facies, and tectonically reworked during Pan-
African orogeny. Their purity and compositional uniformity highlight their potential for industrial
utilization, particularly in silica-based applications.

Keywords: Quartzites, Tectono-thermal, Granoblastic texture, Undulose extinction, Quartz
arenite

INTRODUCTION

Quartzites are metamorphic rocks dominated by quartz (= 90%) and accessory amounts of
feldspars, muscovite, biotite, magnetite, haematite and ilmenite. They are formed from
recrystallization of sandstone that has been subjected to intense heat and pressure from within
the earth's crust. Quartz grains are fused into a characteristically hard and compact rock after
recrystallization. Geological processes, tectonic activities, depositional episodes and paleo-
environmental conditions of an area can be investigated by taking a comprehensive study of
quartzite. Quartz which is the dominant constituent mineral does not form platy minerals but
tend to be elongated or tapered due to directed pressure. Quartz grains are sometimes
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granoblastic in texture, thus making the quartz crystals to be almost equal in sizes with grain
boundaries forming a suture or interlock.

Quartzites are usually whitish to greyish but they may display varieties of color like yellow,
orange, brown, green or blue which could be caused by Fe-staining and other impurities.
Several authors have examined quartzites under the microscope with respect to investigating
and identifying their mineralogical and textural relationships. Blatt and Tracy (1996) used
petrography to examine thin sections of quartzite taking into consideration optical properties
such as color, birefringence, pleochroism, crystal forms, twinning and zoning in mineral
identification.

Owu-lle, is situated within the southwestern part of Nigeria and falls within the Precambrian
Basement Complex of southwestern Nigeria which constitutes a segment of the larger West
African Craton. This Basement Complex is composed of diverse lithological units, including
migmatite-gneiss complexes, schists, granites, and quartzites. Quartzites in this region are
often associated with metasedimentary belts and have undergone varying degrees of
deformation and metamorphism linked to the Pan-African orogeny (~600 Ma).

Several workers such as Rahaman (1988), Odeyemi (1993), Anifowose et al. (2006), Anifowose
and Borode (2007), and Ayodele (2010) have conducted several studies on the geology of areas
around Ilesha-Ife schist belt. Okunlola and Okorojafor (2009) evaluated compositional
features and petrogenetic affinities of schistose rocks around the Okemesi fold belt. Pb-Pb
isotope dating for the metasediments of the Ilesha-Ife schist belt conducted by Oyinloye (2006)
suggested an Archaean age 2750+25 Ma. The fold structure at Okemesi studied by Anifowose
and Borode (2007) indicated the existence of an isoclinal limb of a mega fold in association
with other minor folds. Oluyide (1988), Okonkwo (1992) Boesse and Ocan (1992), and
Anifowose (2004), studied the structural components of Okemesi quartzite ridge and
associated rocks. These investigations were able to show that minor and major joints trend
generally in the NE-SW direction. Two phases of deformation which are tight to isoclinal
folds, open folds and large vertical NNE-SSW trending faults were common to quartzite ridge
and other associated rocks. Compositional attributes and origin of schistose quartzite
associated with migmatite gneiss complex and pan African granitoids around Ibadan were
investigated by Okunlola, et al. (2009).

Optical and mineralogical studies revealed high proportion of quartz and muscovite. The
schistose rocks are siliceous in nature and enriched in elements such as Ba, Zr, Rb, La, Ce and
Zr. The quartz schist originated from arenaceous sediments and tectonically, their evolution
is from the passive margin environment. The Nigerian Geological Survey Agency in 2006
mapped the study area on a scale of 1: 500,000 and investigation conducted on ferruginous
quartzite by Adekoya (2021) was restricted to the northeastern part of the study area.

Despite their widespread occurrence and significance, quartzites around Owu Ile have
received limited attention in terms of detailed geochemical and petrographic studies. This
study is targeted at presenting a comprehensive geochemical characterization of quartzites
around Owu lle, Southwestern Nigeria by identifying the mineralogical composition and
geochemical signatures of the quartzites, determining their provenance and tectonic setting
using major and trace elements data, and evaluating their potential for industrial applications.
The findings are expected to contribute to the broader understanding of the lithological and
geodynamic evolution of the southwestern Nigerian Basement Complex and provide a
geochemical framework for future exploration activities in the region.
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Regional Geological Setting

The geological setting of quartzite in southwestern Nigeria has been reworked by several
episodes of tectonic events, metamorphism, and depositional processes. The quartzite occurs
in several key geological formations within a broader geological context comprising
migmatites, gneisses, schists, phyllites and granitic rocks. Nigeria lies in an extensive Pan
African mobile belt, which separates the West African and Congo cratons. The belt is thought
to have evolved from the continental collision between the West African craton and Pan
African belt (Burke and Dewey, 1972; Bertrand and Caby 1978; Black et al. 1979; Leblanc,
1981). The latter part of the Pan African orogeny was characterized by brittle deformation,
which result in a very consistent conjugate strike-slip fault system consisting of fault trending
Northeast-Southwest. The crystalline basement complex rocks range in ages from 200 to 500
million years (Oyawoye, 1972; Adeoye, et al. 2016; Ogunlaja, et al. 2018).

They occur in three main areas namely the northern, southwestern and southeastern Nigeria.
Southwestern Nigeria lies within the oldest and most stable geological terrain known as the
basement complex which is Precambrian in age. The complex is subdivided into five major
rock groups which include the migmatite-gneiss complex, slightly migmatised paraschists
and meta-igneous rocks, charnockitic rocks, the older granites and the youngest
unmetamorphosed/unreformed which could be mafic or felsic in composition (Okunlola et
al. 2009). There is close association between quartzites and rocks of the Precambrian basement
complex of southwestern Nigeria comprising migmatite, gneisses and schists. The two major
schist belts of southwestern Nigeria (Iseyin-Oyan River and Ife-Ilesha schist belts) play host
to quartzite which coexist with schists and gneisses. These quartzites which are often
interbedded in these metamorphic and metasedimentary complexes are structurally
controlled by E-W and NE-SW trending belts that aligns with southwestern Pan-African
tectonic trends (Olarewaju, et al. 2017). Quartzite bodies in both schist belts are generally
associated with gold and rare metal mineralisation.

MATERIALS AND METHODS

Geological field mapping

Geological field mapping of topographical map of Iwo, Sheet 164 on a scale of 1: 50,000 was
carried out to identify various rock types available around Owu-Ile, Ife-Odan, Patara, Isero,
Oba, Ideure and other villages. Surface exposures of whole rock quartzite were collected from
different locations for petrography and chemical analyses.

Preparation of samples for analyses

The samples were properly cleaned with methylated spirit to remove impurities that could
interfere with accuracy of the chemical data. These samples were later subjected to
petrographic and geochemical analyses in various laboratories of Department of Geological
Sciences, University of Cape Town, South Africa.

Preparation of Thin section

For petrographic studies, sixteen (16) thin sections were prepared from the representative
quartzite samples and parameters such as color, texture, grain shape, grain to grain
boundaries, and grain arrangement were carefully studied in hand specimen and under the
microscope.

Geochemical analyses
For geochemical analyses, fifteen (15) whole rock samples were selected and crushed with a
hydraulic breaker. The crushed rock samples were pulverized to a homogeneous powder
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prior to analyses using X-ray fluorescence (XRF) and Inductively Coupled Plasma- Mass
Spectroscopy (ICP-MS) analytical techniques.

RESULTS AND DISCUSSION

Geology of the study area

The study area which covers Owu-lle, Ife-Odan, Ikonifin, Patara, Isero and Oba lies
approximately between latitude 7°46' 40" to 7' 52' 00" and longitude 4’4' 40" to 4'9' 20" in the
southwestern part of Nigeria. The main rock units encountered during geological mapping of
the study areas include migmatite gneiss, quartzite, syenite and pegmatite as shown on the
geological map of the study area (Fig. 1). The quartzites around Owu-Ile form an integral part
within the basement complex of southwestern Nigeria. Quartzite ridges extend intermittently
in a sharply dipping to gently dipping manner to the neighboring Owu-Ile to the North, Ife-
Odan to the Northeast and Ikonifin to the East. Two modes of occurrence which are the
massive/hummocky and the foliated /schistose varieties are common across the study area.
The foliated variety is friable and reddish brown in color whereas the massive or hummocky
type contains clusters of dark granular bodies that are suspected to be iron oxide. The
hummocky variety are commonly found at Idewure which is about 3 km south of Owu-Ile.
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Figure 1: Geological Map of the study area

At Owu-lle, exposure of quartzite occurs as a massive and extensive ridge extending across
the neighboring Ife-Odan, Patara, Isero, and Oba at an imposing topographical height caused
by its resistance to weathering. In some cases, they are also found as dome-shaped boulders
of different sizes that roll down the hill thus removing excess fragments at the hilltop, and
redistributing them to the surroundings along the bottom of the hill. Measurements of strike
and dip are difficult on the foliated type because the rock has been highly fragmented, few
occurrences of quartzite bodies that are exposed at the base of the hill maintain an eastward
dipping angle at low inclination (Fig. 2b). The ridges extend for about 7 km in a North-
easternly direction to the neighboring towns and villages. It is associated with migmatite
gneiss complex towards Owu-Ile while it is associated with pan-African granitoid like syenite,
charnockite and granite towards Ikonifin and Ife-Odan. There is a continuous stretching of
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approximately 10 km long folded arcuate quartzite ridge at the northeastern part of the map
sheet which is believed to be a regional extension of the Oba quartzite ridge. The ridge
commences at the southern part of the map sheet but discontinue at the mid central part and
later emerges at the northeastern corner of the Iwo N. W. Sheet 242 N. W. One of the unique
features of quartzites around Owu-Ile is the occurrence of clusters of hexagonal shaped quartz
crystals which could be due to crystallization of quartz grains under high temperature and
pressure conditions. These crystals are grown in a preferred orientation as a result of tectonic
deformation and precipitation of silica-rich melt into well-developed crystals. There is
intrusion of concordantly and discordantly emplaced pegmatite into the gneisses, quartzite,
syenite and granite around Ife-Odan and Iwo-Ate.

Figure. 2: Lithological units: a-migmatite gneiss, b-quartzite, c-syenite, d-pegmatite

Petrographic Studies

Microscopic examination of the quartzites revealed that quartz is the major constituent
mineral which has undergone undulatory extinction (L2, L4, L5 and L6) due to strain caused
by plastic deformation and metamorphism. This opinion aligns with the observation of Deer,
et al. (2013), Morteani, et al. (2012) and Miiller, et al. (2012) where strong evidence of extinction
in quartz is visible when color changes from light to dark as the stage is rotated at 90° on the
microscope (Fig. 3). Other minor constituents observed are muscovite, sericite and zircon.

Quartz is fine to medium grained in texture, displaying irregular or polygonal shape with
interlocking structures as a result of recrystallization and grade of metamorphism (Gotze,
2012; Stober et al. 2022; and Bucher, 2023). Accessory minerals such as muscovite (MUS),
zircon (ZR) and sericite (SER) are also common in some thin sections. Occurrence of muscovite
in some sections is an indication of low-grade metamorphism and alteration (Nishimoto and
Ya, 2010; Brueckner, 2018). Muscovite has undergone tectonic deformation which made its
fabric to be in a preferred alignment as observed in L2 and L4. The foliated quartzite sample
also consists of zircon inclusion that is sandwiched within quartz matrix. The mineral is sub-
rounded or oval in shape, euhedral, grayish with high relief and imperfect cleavage. The
presence of zircon inclusion, a trace mineral in metaquartzite is an indication that the quartzite
has survived cycles of metamorphic and deformation episodes (Alvi, et al. 2019, Chaudary
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and Alvi, 2021). In some cases, there is occurrence of cement or matrix minerals such as silica,
iron oxide, carbonate and clay minerals which reduces as the grade of quartzite is increasing
(Bucher and Stober, 2010). The matrix minerals are also metamorphosed alongside quartz
grains thus making them to fuse into a compact rock fabric. The modal composition of the
fifteen quartzite samples is presented in Table.1. Their composition revealed trends and
variations which correspond to localized changes in magmatic differentiation from various
locations. This view is corroborated by Blatt and Tracy (1996); Tucker and Jones (2023) that
modal composition is a reflection of progressive or regional behavioral patterns in
crystallization of a parent magma. The muscovite appears as lath shaped with pinkish blue
coloration in cross polarized light and colorless in plane polarized light. Its appearance also
resembles strands of hair and exhibits a perfect basal cleavage under the microscope (about
180°). The appearance of muscovite under the plane polarized light is colorless.

Table 1: Modal Composition of Quartzite around the study area (n = 16)

Mineral 12 I4 15 Lée L7 I8 1% ILi10 L11 112 113 I14 L15 Ile L17 118
Quartz 95 90 90 87 89 91 93 92 92 89 89 90 94 86 87 95
K. - - - = = = s - - - - - - - -
feldspar

Plagioclase - - - - - - - - - - - - - - - -
Muscovite 2 6 6 9 7 5 3 3 4 6 7 7 2 10 9 2
Sericite - - - - - - - 12 - 2 - - 1 - - -
Zircon 1 - 1 1 - - - - - - - - - - - -
Opaque 1 3 2 2 3 3 3 2 3 2 3 2 2 3 3 2

,_.
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_
—_

Accessory
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

The crystallization sequences are early formed muscovite, while quartz is late formed.
Quartzites in these locations possess granoblastic textures with variable grain sizes ranging
from fine, medium to coarse sizes (L9, L10, L11 and L12). Muller, et al. (2007), noted that
granoblastic and polygonal texture of quartz in quartzite is an indication of stable
arrangement of quartz crystals. These textural attributes confer durability, integrity and
maturity on the chemistry and mineralogy of the quartzites. The marked difference in grain
sizes is an indication of incongruent recrystallisation of quartz grains in the protolithic
sandstone. Some sections showed evidence of hydrothermal alteration which is witnessed by
the appearance of sericite which appeared as fine-grained micaceous mineral that replaces
feldspar. Sericite is a fine-grained muscovite that appears as a brightly colored mineral with
high birefringence under cross polarized light (Fig. 3). Its characteristic basal cleavage is
similar to muscovite but it is often seen as tiny with well-developed euhedral prisms. Presence
of sericite in these quartzites is an indication that it has undergone alteration, weathering or
retrograde metamorphism. Minor occurrence of reddish-brown staining is a possible
indication of iron oxides such as haematite and limonite. Another noticeable feature in Owu-
Ile’s quartzite is the occurrence of microfractures, and shearing which suggest that parts of
the study area have been affected by brittle deformation.
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Figure 3: Photomicrograph of quartzites under cross polarized light x40, showing quartz (QTZ),
muscovite (MUS), sericite and zircon (ZR)

Geochemistry of Quartzite

Major Oxides Geochemistry of Quartzite

Results of whole rock geochemical analysis is presented is presented in Tables 2 and 3. The
major oxides present in the quartzite are SiO», TiO,, AL,O;, Fe2Os, CaO, KO and P>Os whereas
values of MnO, MgO and Na>O are mostly below detection level. The range and mean values
of the major oxides are SiO» (95.61-97.66 wt. % and 96.49 wt. %); TiO> (0.04-0.06 wt. % and 0.06
wt. %); ALOs (0.22-0.98 wt. % and 0.67 wt. %); FexOs (0.92-1.09 wt. % and 1.02 wt. %); CaO
(0.08-0.11 wt. % and 0.09 wt. %); KO (0.03-0.09 wt. % and 0.07 wt. %); P2Os (0.02-0.04 wt. %
and 0.03 wt. %); LOI (0.61-1.31 wt. % and 1.04 wt. %) respectively. Highest amount of SiO»
(97.66 wt. %), was reported at L17 which corresponds to Oba hill while the lowest value was
reported at (Owu-Ile (L3). There is no significant variation in the highest value of TiO, (0.06
wt. %) reported at Owu-Ile and Ife-Odan which correspond to L1, L3, L4, L6, L7, L8, L9, L10
and L11 compared to the lowest content of 0.04 wt. % reported at Oba hill and areas around
southern part of Owu-Ile (L16, L17 and L18). Highest value of ALOs (0.98 wt. %) was reported
around Ife-Odan (L7) while the lowest concentration was reported at L16 (0.22 wt. %). Highest
amount of FexOs3 (1.09 wt. %) occurred at L16 (Oba hill) while the lowest value of 0.92 wt. %
was reported at Owu-Ile (L1). The significantly low amount of Fe;Os is an indication that the
study area is deficient in Fe-rich minerals such as magnetite and ilmenite.

Quartzites around Owu-lle are highly siliceous due to the concentration of SiO, (averaging
96. 49 wt. %) however, there are marginal variations in the value of all the major oxides across
the study area, which signifies that most of the quartzites are compositionally similar. A
cursory look at the oxides data obtained for quartzite show low abundance of all the oxides
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except SiOs. This clearly suggest an almost complete transformation or recrystallisation of the
quartzites from its protolith.

In consonance with the assertion of Singh, et al. (2017) on the characteristic features of quartz
arenite, the significantly high SiO,, almost absent Na>O content, low amount of Al,Os; and KO
coupled with poor abundance of trace elements is a characteristic feature of quartz arenite.
The behavioral pattern of quartzite of Owu-Ile is similar to Srisailam quartzite investigated
by Singh, et al. (2017). Chemical data and petrographic evidence showed that Owu-Ile
quartzites are mineralogically mature. However, rare occurrence of sub-feldspathic and
cement matrix is observed in some samples. It was noted by Muller, et al. (2007) that quartzites
of sedimentary origin have low amount of CaO, NaxO and KO and negligible Al,O; content.
This assertion was corroborated by the chemical nature of Owu-Ile quartzites (Fig. 4) which
display pattern that resembles the quartzites described by Muller, et al. (2007).

Table 2: Major oxides concentration (wt. %) of quartzites around Owu-Ile (n = 15)

5i0: TiO: ALO3; Fe:03 MnQ MgO CaO Nax0 K20 P20:; LOI  Sum

L1 963 006 086 092 bd 0.03 0.09 bd 0.08 0.03 1.17 995
L2 96.0 005 085 095 001 bd 0.08 bd 008 0.03 124 993
L3 05.6 0.06 0.83 1.02  bd bd 0.09 bd 008 0.03 119 989
L4 962 006 084 1.01 bd bd 0.09 bd 008 003 116 99.5
LS5 97.1 0.05 0.31 1.06 bd bd 0.09 bd 0.03 0.03 070 993
Lé 959 006 095 097 bd bd 0.08 bd 0.09 0.02 131 994
L7 96.2 006 098 099 bd 0.03 009 bd 0.09 0.04 131 9938
L8 06.0 0.06 0.87 1.01 0.01 bd 0.09 bd 008 0.03 121 994
L9 961 006 088 1.07 001 bd 0.09 bd 009 0.03 126 99.5
L10 96.6 0.06 091 1.02  bd 0.05 009 bd 0.09 0.02 126 100.0
L 058 0.06 087 1.03 0.01 bd 0.09 bd 008 0.03 118 99.1
L15 97.2 005 024 1.08 bd bd 0.10 bd 003 0.02 064 994
L16 97.5 004 022 1.09 bd bd 0.11 bd 0.03 0.02 066 99.7
L17 97.7 0.04 0.23 1.05  bd bd 0.10 bd 003 0.02 061 998
L18 974 004 024 1.08 bd bd 0.10 bd 003 0.02 061 99.5

Mean 96.5 0.06 0.67 1.02 - 0.09 0.07 0.03 1.04
Range 95.6- 0.048- 0.22- 0.92- - 0.08- --- 0.03- 0.02- 0.61-
97.7 0.06 0.98 1.09 0.11 0.09 0.04 1.31
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Figure. 4: Plot of Al;O3 versus CaO+Na,O+K;O (after Muller, et al. 2007)

Plot of SiO; vs ALO;+K>O+NaxO was employed to predict the paleoclimatic conditions
through which the quartzites evolved (Fig. 5). Using the approach of Singh, et al. (2017), The
plots fell on humid and semi humid field which suggests that the quartzites are product of
humid to semi humid paleoclimatic conditions. Singh, et al. (2017) further demonstrated that
the quartzites exhibited chemical and mineralogical maturity due to high concentration of
Si0O;, amount of NaxO below detection limit, low amount of KoO coupled and ALOs.
Additionally, when the values is > 10 wt. %, the plot(s) fell on “arid” field, which is not
applicable in this study.
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Figure 5: Plot of SiO; vs Al,O3+K>0+Na,O

Trace Element Geochemistry of Quartzite

Trace elements data obtained from Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS)
is presented in Table 3. The geochemical analysis carried out on the quartzites revealed
variations in the concentration of trace elements such as Ba, Cu, Cr, V, Rb, Zr, Zn, Li, Pb, Ga,
Hf, As, Sr, Ag, Sc, Ni, Nb, Mo and Co. However, the margin of variation is not too wide to
create a large textural, mineralogical and petrological differences among the quartzites of the

M. T. Jimoh et al, DUJOPAS 11 (3b): 187-201, 2025 195



Geochemical Characterization of Quartzite around Owu lle, Southwestern, Nigeria

study area (Tables 2 and 3). Preliminary data indicate that the quartzites generally exhibit low
amount of Ba (12.22-37.86 ppm), Cu (11.11-30.24 ppm), Cr (14.43-17.95 ppm), moderately low
V (2.625-4.754 ppm), Rb (2.131-5.334 ppm), Zr (3.250-6.542 ppm), Ce (3.943-20.78 ppm), Zn
(2.997-28.99 ppm), very low amount of Li (1.623-2.893 ppm), Pb (0.974-3.575 ppm), W (0.183-
3.860 ppm) and Ga (1.3674.110 ppm). They also contain significantly low concentration of Be
(0.074-0.283 ppm), Th (0.595- 7.432 ppm), U (0.135-0.694 ppm), Hf (0.084-0.164 ppm), Ag
(0.036-0.187 ppm) and Co (0.481-0.760 ppm). The low concentration in most of the trace
elements suggests that the quartzites of the study area are devoid of mineralization. TiO; and
Zr are indicator elements for minerals such as rutile, ilmenite and zircon, their concentration
is low and nearly constant in the quartzite of Owu-Ile suggest relatively poor sorting during
the deformational episode of quartzites. Plot of TiOz vs Zr is used to predict the source rock
from which the quartzites are derived. The discrimination diagram show that all the plot fell
on the felsic rock field (Fig. 5) which shows that rocks such as migmatite gneiss, syenite,
charnockite and pegmatite that share boundaries with the quartzite could have contributed
felsic-rich detrital materials from which the quartzite mostly originated (Fig. 1).

Quartzites of Owu-Ile and environs have a generally low concentration of immobile elements
such as Cr and Zr (Table 3). Plot of Cr/Zr vs Zr show strong correlation but inversely
proportional between the two variables (Fig. 7). This is an indication of genetical homogeneity
and compatibility of Cr and Zr. It also suggests that Zircon (an accessory mineral and
zirconjum mineral) has survived almost all the multiple stages of deformation,
metamorphism, reworking and reactivation in various paleoclimatic conditions it witnessed.

Table 3: Trace elements concentration of quartzite around Owu Ile

Li Pb Se A\ Cr Co Ni Cu Zn Ga As Rb Sr Ba Zr Nb Mo Ag Hf

L1 1864 3368 0.743 4341 17.28 0553 4329 1298 6449 3.188 0575 4941 5242 3031 4455 0966 0.804 0.050 0.117
L2 1.623 2204 1.622 4681 17.95 0.714 6.654 18.82 2997 3394 1074 4754 5870 2968 3.834 1.046 0.891 0.119 0.102
L3 1.822 2355 1.635 4.754 17.53 0.580 4.232 13.54 9226 3305 1024 4938 5914 28092 4569 1456 0.810 0.066 0.123
L4 1991 2444 1.642 4727 1745 0701 4530 13.64 6.761 3419 2194 4991 5602 3024 4.147 1.171 0.884 0.060 0.113
L5 2079 0974 1448 3.003 1443 0481 3.582 11.24 3.145 1367 0.884 2381 4386 1222 3250 0.873 0.784 0.098 0.084
L6 2151 2149 1.584 4749 17.25 0598 4477 1411 7.084 3411 00986 4.762 5498 2074 3580 1.046 0.817 0.056 0.098
L7 1.698 2351 1.591 4710 17.27 0594 4384 13.51 3.980 3.559 0941 5040 5.099 31.04 3.746 0984 0995 0.080 0.108
L8 2055 2100 1.573 4561 17.38 0.600 4.720 12,78 6.622 3429 1930 4.851 5818 3098 3.559 1.219 0981 0.039 0.101
L9 1.795 3.511 1.543 4.195 16.88 0.647 4.533 30.24 28,99 3.817 00919 4545 6.180 3444 5499 1.147 0938 0.045 0.136
L10 2893 3575 1.576 4351 16.70 0.595 4322 11.11 9.045 4110 0.804 5237 5694 37.86 5048 1.356 0.883 0.037 0.132
L11 1.855 2280 1.538 4355 17.28 0.645 5530 13.18 7.009 3.854 0819 5334 5700 3443 4328 1.09 1.016 0.036 0.115
L15 2373 1379 1376 2810 14.67 0.607 4.195 16.10 12.65 1.847 0.809 2168 5163 18.63 5583 1.063 0951 0.112 0.149
L16 2296 1.873 1407 2908 1450 0.579 4304 1447 7588 1.806 0.727 2301 5506 1854 6542 1454 0979 0.098 0.164
L17 2059 1516 1.318 2.625 1556 0.760 5433 1548 5934 1437 138 2131 4.551 13.57 3.852 1.148 1.090 0.187 0.106

L18 2376 1253 1.304 2723 1480 0.541 4.059 1338 1143 1553 0.754 2175 4725 1549 4531 1.204 0944 0.040 0.126
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Figure 6: Plot of TiO; vs Zr to determine the possible source rocks for Owu-Ile quartzite (after Hayashi, et al.
1997).

10

Cr/2zr

| 4

Zr

Figure 7: Plot of Cr/Zr vs Zr (after Muller, et al. 2007)

CONCLUSION

The geological framework of the Owu-Ile region is predominantly composed of quartzite,
with subordinate occurrences of migmatite-gneiss, syenite, and pegmatite. Field
investigations identified two textural variants (medium-grained and fine-grained quartzites).
Structurally, the quartzite exhibits both foliated and non-foliated (massive) fabrics. Texturally,
the quartzites are predominantly granoblastic and equigranular, with polygonal grain shapes.
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Quartz grains display an interlocking to sutured texture, indicative of a high degree of
mineralogical maturity. Petrographic analysis reveals the quartzite is composed mainly of
quartz (90.56 vol. %), with muscovite (5.69 vol. %), opaque minerals (2.75 vol. %), and
accessory phases including zircon and iron oxides (1 vol. %). Quartz grains frequently show
undulose extinction, suggestive of brittle deformation and micro-faulting events. The
presence of muscovite and sericite, suggests low-grade to retrograde metamorphic conditions,
hydrothermal alteration or weathering. Additionally, the occurrence of sub-rounded to
elongate zircon inclusions—resistant to multiple metamorphic overprints—within the
interstitial spaces of quartz grains further supports the rock's complex metamorphic history.
The quartzite of Owu Ile is petrographically classified as a quartz arenite, due to its high
quartz content and mature sedimentary origin. Low concentration of the major oxides except
Si0O; is suggestive that the quartzites have undergone almost complete transformation and
recrystallisation. Several models were employed to predict the mineralogical maturity and
petrographic class to which the quartzite belong. The significantly high SiO», almost absent
Na>O content, low amount of Al,O; and K-O coupled with poor abundance of trace elements
is a characteristic feature of quartz arenite, maturity and sedimentary origin of the quartzite.
The quartzites also evolved from paleoclimatic environment which has been proved to be
semi humid to humid. In terms of trace elements geochemistry, a generally low concentration
of these elements is an indication that the quartzites are unmineralized. A plot of Zr against
TiO, showed the quartzites are derived from felsic-rich detrital materials that accumulated
over time.

Low concentration of the major oxides except SiO; is suggestive that the quartzites have
undergone almost complete transformation and recrystallisation. Several models were
employed to predict the mineralogical maturity and petrographic class to which the quartzite
belong. The significantly high SiO,, almost absent Na>O content, low amount of Al,O; and
K20 coupled with poor abundance of trace elements is a characteristic feature of quartz
arenite, maturity and sedimentary origin of the quartzite. The quartzites also evolved from
paleoclimatic environment which has been proved to be semi humid to humid. In terms of
trace elements geochemistry, a generally low concentration of these elements is an indication
that the quartzites are unmineralized. A plot of Zr against TiO, showed the quartzites are
derived from felsic-rich detrital materials that accumulated over time.

Quartzite is a valuable geological resource which serves as major raw material for the
production of glass and ceramics. Its hardness and resistance to wear makes it an ideal
construction material. It is also used as a flux in iron smelting and other metallurgical
applications. Due to its high melting point and chemical resistance, it is used in refractory
industries. It is utilized in hydraulic fracturing operations in petroleum industry. As a silicon-
based product, quartzite is used in semiconductor, solar panel and fiber optics industries
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