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Abstract

Primary, secondary and accessory minerals in tonalitic
rocks from Iwo region of the Precambrian Basement
Complex of Southwestern Nigeria were identified and
analysed with the aim of determining the various pro-
cesses involved during the crystallisation of magma.
Thin sections of tonalite were prepared and studied
with the aid of a petrographic microscope. The min-
eral assemblages observed are biotite, plagioclase, al-
kali-feldspar, amphiboles, pyroxene, quartz, muscovite
and chlorite. Allanite, titanite, apatite and zircon oc-
cur as accessory minerals. Muscovite and chlorite are
found to be secondary minerals. The mineral allanite
has a characteristic form of zoning and shows evidence
of metamictisation, and is surrounded by dark-co-
loured biotite having radioactive haloes. Titanite is
anhedral to subhedral crystals and forms reaction rim
round opaque minerals. Plagioclase shows evidence of
compositional zoning as well as plastic deformation of
the twin lamellae. The allanite observed is primary in
nature and has undergone radioactive disintegration;
chlorite and muscovite are formed by secondary pro-
cesses of chloritization and sericitisation, respectively.
The tonalite is formed as a result of rapid cooling of
magma close to the Earth’s surface.

Keywords: zoning, titanite, radioactive haloes, chloriti-
zation, sericitisation.

Povzetek

Z namenom doloc¢evanja razli¢nih procesov, ki so vklju-
Ceni pri kristalizaciji magme, so bili identificirani in
opisani primarni, sekundarni in akcesorni minerali
v tonalitnih kamninah iz pred-kambrijske podlage ob-
mocja Iwo v jugozahodni Nigeriji. Zbruski tonalita so
bili pripravljeni in raziskovani s pomocjo petrograf-
skega mikroskopa. Opazovani minerali so: biotit, pla-
gioklaz, alkalijski glinenec, amfibol, piroksen, kremen,
muskovit in klorit. Alanit, titanit, apatit in cirkon se
pojavljajo kot akcesorni minerali. Ugotovljeno je, da se
muskovit in klorit pojavljata kot sekundarna minerala.
Mineral alanit ima karakteristi¢no obliko conarnosti in
kaZe prisotnost metamiktizacije ter je obkroZen s te-
mno obarvanim biotitom z radioaktivnimi haloi. Tita-
niti so anhedralni do subhedralni kristali in tvorijo re-
akcijski obro¢ okrog neprozornih mineralov. Plagioklaz
kaZe prisotnost kompozicijske conarnosti in plasticne
ren in je prestal radioaktiven razpad, klorit in muskovit
sta nastala kot sekundarna procesa kloritizacije in seri-
citizacije. Tonalit je nastal kot rezultat hitrega ohlajanja

magme v blizini zemeljskega povrsja.

Klju¢ne besede: conarnost, titanit, radioaktivni halo,

kloritizacija, sericitizacija.
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Introduction

Iwo region, the area under study, is part of the
Precambrian of Southwestern Nigeria, which
is part of the Nigerian Basement Complex
(Figure 1). Iwo region comprises of a migma-
tite-gneiss-granite complex and a metasu-
pracrustal sequence (Figure 2). In addition to
a widespread metasomatism that is a feature of
this region, there is also the occurrence of early
tonalitic and syenitic diapirs and late magmat-

of varying compositions (granites, granodio-
rites, adamellite, quartz monzonites, syenites
and pegmatites). In some cases, older gran-
ites have been reported to be foliated, defined
by the alignment of the both feldspar crystals
and mafic minerals [2]. Foliated older granites
have been found in places such as Iwo, Idanre
and Igarra in Southwestern Nigeria. However,
it must be noted that older granites that have
disordered arrangement of its feldspars are
usually non-foliated. Rocks of Iwo area have

SN

Figure 1: Map of Iwo region within Basement Complex of Nigeria. Stippled pattern indicates Cretaceous and younger

sedimentary cover [1].

ic, granitic, pegmatitic, and aplitic intrusions in
the large Iwo-Ikire complex [1]. Tonalite that
is present in the study area belongs to the Old-
er Granite Complex that comprises rocks with
varying composition from the granodiorite to
true granite [2]. This range comprises rocks

RMZ - M&G | 2020 | Vol.67 | pp.079-090

been found to be affected by late reworking,
metasomatism and granitic activity to varying
extents [1]. Allanite (CaREE(AlFe3*) 2(Mg,Fe?)
§i,0,,(OH)) is a common accessory mineral in
granitic and rhyolitic rocks. Allanite is a major
residence site for LREE [3, 4]. In some rocks, as

Oziegbe E.J., Ocan 0.0., Buraimoh A.O..
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Migmatite-Gniess-Granite-Complex

Metasupracrustal Schists & Granite-Gneiss

Figure 2: Geologic map of Iwo region modified after 1: 250,000 sheet 60 (Iwo) of Geological Survey of Nigeria (GSN). 1,
Migmatite-gneiss complex; 2, charnockite; 3, early granitic phases of Older Granite Cycle; 4, younger granitic phases of Older
Granite Cycle; 5, amphibolite, amphibolite schist, and pelitic schist; 6 quartzite, quartz-schist, and quartzofeldspathic gneiss; 7,
granitic-gneiss-dominated regions; p, pegmatite; T, tonalite. Thick broken lines indicate major faults [1].

high as 50-80% of Ce and La have been found
in allanite. As a result of this, allanite has been
used to track the behaviour of REE during melt-
ing, crystallisation and other igneous process-
es [5-7]. Titanite is found in different geologi-
cal environments. Both allanite and titanite are

common accessory minerals found in hydro-
thermal deposits [8, 9].

The tonalite under study is coarse-grained and
foliated (Figures 3 and 4); foliation is marked
by preferred orientation of long axes of tabular
microcline grains and the long axes of the maf-
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Figure 3: Field photograph showing tonalite. Take note of the
vein quartz at the centre.

Figure 4: Hand specimen of tonalite from Iwo area.

ic minerals (biotite and pyroxene). The objec-
tive of this work is to petrographically describe
the mineral assemblages with emphasis on the
accessory minerals, allanite and titanite. Rock
samples were taken from the following locali-
ties in Iwo region: Adana, Elemo, Elewonta and
Isero/Ikonifin.

Materials and Methods

Four rock samples were taken from four dif-
ferent locations. Sixteen thin sections of these
rocks were prepared at the laboratory of the
Department of Geology, Obafemi Awolowo Uni-
versity. Detailed study of the thin sections were
done using petrographic microscope at the De-
partment of Geosciences, University of Lagos.
Photomicrographs of areas of interest were tak-
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en both under plane polarised light (PPL) and
cross polarised light (XPL).

Results

Petrography

The rock is porphyritic in texture, with phe-
nocrysts of K-feldspar and plagioclase in matrix
of biotite, amphibole and quartz. The main min-
erals are microcline, biotite, plagioclase, where-
as green non-pleochloric pyroxene, amphibole
(green hornblende) and quartz occur as mi-
nor minerals. Chlorite and muscovite occur as
secondary minerals. Accessory minerals are
allanite, zircon, titanite (sphene), apatite and
opaque minerals. Allanite crystals are zoned,
reddish brown in colour and strongly pleochro-
ic with euhedral and subhedral crystals (Fig-
ures 5-7). Some crystals of allanite are altered
whereas others are not; those that are altered
have inclusions of opaque minerals mostly
concentrated at the core (Figure 5c). Biotite is
brownish in colour and subhedral in form, in-
tergrown with allanite (Figure 5a).

Biotite consists of other minerals such as ap-
atite (Figure 6a). Crystals of biotite show al-
tered surfaces and display a form of preferred
alignment. There is a close association between
biotite and chlorite which is in turn surround-
ed by titanite (Figures 8a and 8b), all of which
are in the proximity of microcline (Figure 8b).
The plagioclase feldspar shows sign of (i) com-
positional zoning and (ii) deformation (Fig-
ures 8c and 8d). Plagioclase exhibits a combi-
nation of albite and Carlsbad twinning. Crystals
of biotite occur as inclusions in plagioclase.
A few crystals of titanite are euhedral, but ma-
jority are subhedral/anhedral. The subhedral
grains occur as aggregates and are clustered
around biotite, chlorite and opaque minerals.
The anhedral form of titanite forms reaction
rim around opaque minerals (Figures 9-11).
Titanite is concentrated in and around biotite
(Figures 8a, 9 and 10). There is a close associ-
ation between titanite and biotite, amphiboles,
plagioclase, chlorite and opaque minerals. In
some samples, the titanite crystals that form
reaction rim round opaque minerals are in con-
tact with biotite, amphibole and plagioclase
(Figures 10 and 11).

Oziegbe E.J., Ocan 0.0., Buraimoh A.O..
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Figure 5: Photomicrographs showing: (a) zoned allanite (Aln) surrounded by biotite (Bt) crystals; biotite is darker at the edges
closer to allanite than those away (PPL). (b) Zoned allanite (Aln), biotite (Bt), plagioclase (Pl) and quartz (Qtz) (XPL). (c) Opaque
(Opq) minerals within a zoned allanite (Aln), take note of the close relationship between biotite and allanite (PPL). (d) Inclusions
of opaque (Opq) minerals within a zoned allanite (Aln) (XPL).

Figure 6: Photomicrographs showing: (a) numerous fractures within zoned allanite (Aln), there are inclusions of apatite in
biotite (Bt) and the edges of biotite touching allanite are darker (PPL). (b) Opaque (Opq) minerals within allanite (Aln) (XPL).
(c) Biotite (Bt) surrounding allanite (Aln), there are inclusions of allanite within biotite (XPL). (d) Close association between
plagioclase (Pl) and allanite (Aln) (XPL).
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Figure 7: Photomicrograph showing sericitisation of plagioclase feldspars (Pl) in close association with allanite (Aln) (XPL).

Discussion

The early formed minerals observed in the to-
nalite are allanite, amphiboles, plagioclase and
quartz. The presence of allanite within biotite
and hornblende can be attributed to early crys-
tallisation. Amphibole (hornblende) is not pres-
ent in all of the samples studied. Primary al-
lanite has inclusions of ilmenite and is included
in biotite as observed in the rock samples [10].
Primary allanite has been found in andesit-
ic [11] and tonalitic [12] igneous rocks. Allanite
is a high-Th-REE mineral of the epidote group
and has been used in recent times in Th-U-Pb
geochronology [9, 13-18].

The accessory mineral allanite is highly prone to
alteration as a result of its metamict ability and
there are inclusions of opaque minerals with-
in the altered region of the crystals (Figure 5c).
The biotite crystals surrounding allanite have
radiation haloes that are darker at the contact
edges closer to allanite (Figures 5a and 6a).
This complex radioactive rim is an evidence of

RMZ - M&G | 2020 | Vol.67 | pp.079-090

post-crystallisation process [19]. Allanite is one
of the most common sources of primary ura-
nium-bearing minerals [19]. In addition to the
radioactive rim, there are numerous fractures
on the altered allanite (Figure 6a) which can
be attributed to the radioactive process. The
degree of metamictisation of allanite depends
on the degree of alpha-recoil damage [20]. This
metamictisation coupled with hydrothermal al-
teration results in a variety of alteration prod-
ucts that tend to immobilise the REE and Th*
in more stable secondary phases [21]. These
formed phases has been found to be dependent
on the physiochemical condition of the fluid
which is present. Allanite and titanite have the
potential of controlling REE in granitic mag-
mas [5]. Titanite observed are of both prima-
ry and secondary types: the primary types are
subhedral to eudedral in shape with some oc-
curring as inclusions in biotite and amphiboles.
The titanite-opaque mineral phase observed is
an indication of the breaking down of titanite

Oziegbe E.J., Ocan 0.0., Buraimoh A.O..



Figure 8: Photomicrographs showing: (a) close association between biotite (Bt) and chlorite (Chl), as well as titanite (Ttn) (PPL).
(b) Microcline (Mc) in close relationship with altered biotite (XPL). (c) Compositional zoning of plagioclase, there are biotite (Bt)
inclusion in the plagioclase feldspar (Pl) (XPL). (d) Plagioclase with deformed twin lamellae and preferred orientation of the
biotite (Bt) (XPL).

Figure 9: Photomicrograph showing a close relationship between biotite (Bt) and titanite (Ttn). Take a note of reaction rim of
titanite (Ttn) round the opaque (Opq) (PPL).

Petrography of Allanite-bearing Tonalite from Iwo Region, Osun State, Nigeria

85



86

Figure 11: Photomicrograph showing reaction rim of titanite (Ttn) on opaque (Opq) (XPL).

RMZ - M&G | 2020 | Vol.67 | pp.079-090
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to opaque mineral, a common phenomenon in
granitoids indicating a late fluid activity [22].
Results from experiments suggest that titanite
forms as an early phase during crystallisation
of magma [23, 24]. Secondary titanite observed
is anhedral and occurs as reaction rim round
opaque minerals (Figures 9-11), and this re-
action can be supported by the equation given
below:

Plagioclase 1 (Ca-rich) + Ilmenite =>
Titanite + Plagioclase 2 (Na-rich)

The titanite grains observed show no visible
form of zoning. The secondary titanite has
been found to be associated with sericitisation
of plagioclase and chloritization of biotite as
observed in the tonalite [25]. These set of re-
actions represent retrogressive events prob-
ably prompted by moderate heating and fluid
activity [22, 26] and can be represented by an
equation such as:

Plagioclase 1 (Ca-rich) + Biotite (Ti-rich) =>
Titanite + Chlorite + Plagioclase 2 (Na-rich)

This type of alteration reaction liberates tita-
nium that is locked within biotite [19]. In this
regard, titanite can be said to be replacing early
biotite and coeval with the chlorite formation
(Figure 8a). The opaque mineral is likely to be
ilmenite, because ilmenite is an opaque min-
eral with titanium in its structure. The acces-
sory mineral assemblages such as allanite and
titanite have been found to be sensitive to pa-
rameters such as temperature, oxygen fugaci-
ty, melt composition, as well as the dissolution
history of evolving magma [27, 28]. The apatite
which occur as inclusions in biotite can be said
to have formed very early during the magmat-
ic process because of the euhedral nature of
crystals and occurrence as inclusions in bio-
tite (Figure 6a) and, thus, can be regarded as
primary igneous mineral. Plagioclase crystals
observed have some of the following features:
Carlsbad/albite twinning sericitisation, com-
positional zoning and deformed twin lamellae
(Figures 8c and 8d). The sericitisation can be
supported by the reaction involving plagioclase,
biotite, opaque (ilmenite), muscovite, titanite
and quartz [22]. Zoned plagioclase could have
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resulted from rapidly cooled magma leading to
disequilibrium growth occurring during large
undercooling. Compositional zoning in crystals
is a tool in determining the magmatic history of
plutonic rocks [29, 30]. The foliation observed
on the outcrop and the deformation of the twin
lamellae in the plagioclase is an indication that
the rock has been subjected to tectonic activity.
Twin lamellae of plagioclase with bent surfaces
are common, an indication of syn-magmatic or
post-magmatic crystallisation feature.

Conclusion

The allanite observed is found to have formed
early as a result of primary crystallisation and
has undergone metamictisation. Both prima-
ry and secondary titanite were observed, and
the secondary titanite formed at the expense of
titanite. The zoned plagioclase is an evidence
that there was rapid cooling of magma close to
the Earth’s surface. Tonalite under study has
been subjected to tectonic activities with evi-
dence recorded on the plagioclase and the foli-
ated nature of the rock.
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