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Abstract 

Mineral assemblage observed is amphibole + biotite + plagioclase + quartz + titanite + ilmenite + 

apatite. Titanite occur as anhedral grains interstitial between biotite and plagioclase feldspars, 

intergrown with amphibole (or as inclusion) and biotite (or replacing it). Also, anhedral titanite 

forms reaction rim around ilmenite. Amphiboles have sieve textures with inclusions of 

plagioclase, titanite, ilmenite and quartz. In addition, amphibole forms reaction rim around biotite, 

plagioclase and quartz. Two sets of plagioclase were identified, Plagioclase 1 occur as inclusion 

in biotite and amphibole, while Plagioclase 2 mantles both amphibole and biotite. Anhedral quartz 

occur as interstitial grains in contact with amphibole and plagioclase, and in some cases mantles 

plagioclase feldspar. Textural observations made on the rock strongly suggest that Plagioclase 1 

could have supplied Ca, while ilmenite loses its FeO to the formation of titanite rims and 

subsequent formation of biotite. Biotite could have taken K2O and FeO and Plagioclase 2 

enriched in albitic component. The reaction rim of amphibole on most of the other minerals is an 

indication that amphibole formed in the late stage of crystallization. 
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1. Introduction 

Titanite which commonly occur as accessory mineral can crystallize in both igneous and 

metamorphic rocks (Franz and Spear, 1985; Lucassen et al., 2003; Pan et al., 2018), and can have 

magmatic, metamorphic and hydrothermal origins (Mazdab et al., 2007). Igneous titanite occurs 

mostly as a late-stage mineral in felsic calcalkaline plutons (Kohn, 2017). Titanite are common 

accessory mineral in granodiorites (Carcangiu et al., 1997; Uher et al., 2019). Accessory titanite 

has the capability to record formation ages as well as crystallization conditions of magmatic 

process (Jiang et al., 2016). The iron in titanite is Fe3+ and occupies the Ti site (Seifert and 

Kramer, 2003). Titanite can thus be considered an important store or repository for Rare Earth 

Elements (REE) and High Field Strength Elements (HFSE) in metamorphic and igneous rocks 

(Tiepolo et al., 2002; Zhou et al., 2021). Titanite is highly responsive to changes in temperature 

(Hayden et al., 2008), oxygen and water fugacity, and fluid composition (Manning and Bohlen, 

1991; Cao et al., 2015). Previous study has described granodiorite of Wasimi as dark-spotted, 

coarse-grained, lightcoloured rock which comprises low-lying outcrops and boulders (Oziegbe et 

al., 2020a). This study uses the textural relationship to determine the origin of titanite in 

granodiorite and to interpret the coexistence of titainite with ilmenite and biotite. 

2. Geological setting 

The Nigerian basement complex is part of the Pan-African mobile belt which lies between the 

West African and Congo Cratons (Figure 1). Wasimi which is the area of study is 12.4 km NE of 

Ikire. Charnockite, early granitic phases of Older Granite Cycle, and younger granitic phases of 

Older Granite Cycle, migmatite and amphibolite are the prominent rock units at Wasimi (Figure 

2). The units can best be described as Migmatite-Gniess-Granite-Complex (Hubbard, 1975). Early 

tonalitic and syenitic diapirs and late magmatic, granitic, pegmatitic and aplitic intrusions have 

been reported within Iwo-Ikire complex of southwestern Nigeria (Hubbard, 1975). 'Older Granite' 

which is now very common of literature of granite in Nigeria was brought in by Falconer (1911) 

to differntite the concordant or semi-concordant granites (or deep-seated) of the Basement 

Complex from the highly discordant (or high-level) tin-bearing granites found in Northern 

Nigeria. 
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3. Methodology 

Thin sections of granodiorite from Wasimi (7o o 

the labouratory of the Depatment of Geology, Obafemi Awolowo University, Nigeria. 

 

Figure 1: Location Map showing position of Nigerian sector of the Pan-African Province of West 
Africa (Turner, 1983). 
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Figure 2: Geologic map of Iwo region of which Ikire-Wasinmi complex is part (Hubbard, 1975). 

Detailed petrography of the thin sections was done at the labouratory of the Department of 

Geosciences, University of Lagos, Nigeria using a polarizing microscope. Photomicrographs of 

areas of interest were taken with the aid of a digital camera. 

4. Results 

Petrography 

The following minerals were observed, amphibole, biotite, plagioclase, titanite, quartz, ilmenite 

and apatite. Amphibole is light green to brownish in colour having inclusions of titanite, 

plagioclase, apatite and ilmenite (Figures 3a - 3d) and can be described to have sieve texture. The 
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inclusions are more concentrated in the cores of amphibole grains. Biotite grains and brown, 

green in colour and in close contact with amphibole and in some cases rimmed by amphibole 

(Figures 3e, 3f, 4a & 4b). Also, deep-brown biotite (altered biotite) were observed, most of which 

have inclusions of titanite. Amphibole and biotite are both mantled by plagioclase feldspar 

(Figure 4c & 4d). Titanite are anhedral and forms reaction rim on ilmenite (Figures 4a & 4b). 

Also, titanite occur at the edges of biotite in the proximity of plagioclase (Figure 4e & 4f), and as 

inclusions in amphibole (Figure 4a). Two generations of plagioclase feldspars were observed, the 

first generation (Plagioclase 1) which occur as inclusions in biotite and amphibole and second 

generation (Plagioclase 2) which mantles both amphibole and biotite (Figure 4d). Anhderal to 

subehdral quartz occur as interstitial grains in contact with amphibole, biotite and plagioclase 

(Figures 5). In some cases, anhedral quartz mantles plagioclase feldspars (Figure 5d). Euhedral 

apatite occur as inclusions mainly in biotite and amphibole, while some grains occur within the 

matrix (Figures 3c & 3d). 

5. Discussion 

The textural feature in which titanite reaction rims surround ilmenite has been reported from 

amphibolite-facies terranes (Harlov and Forster, 2002; Harlov and Hansen, 2005). This  texture  

can be formed  from  the  destruction  of  minerals such as pyroxenes and hornblende and  leaving 

quartz (Drakoulis et al., 2013). Seive-textured amphibole may be the result of bulk assimilation of 

xenoliths from the magma during crust-mantle mixing (Beard et al., 2005). Sieve-textured 

amphibole with inclusions of pyroxene, plagioclase and quartz has previously been described in 

granodiorite of Wasimi (Oziegbe et al., 2020a). The texture can be used to describe the late-stage 

formation of biotite and amphibole at expense of orthopyroxene, clinopyroxene, and ilmenite 

(Beard and Day, 1988; Beard et al., 2005).  
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Figure 3: Photomicrographs of granodiorite showing a) Sieve-textured greenish amphibole (Am), 
PPL b) sieve-textured amphibole (Am) surrounded by plagioclase feldspar (Pl). XPL c) 
amphibole (Am) in contact with biotite (Bt), amphiboles and biotite both having inclusions of 
apatite (Ap), PPL d) amphibole (Am) and biotite (Bt) surrounded by plagioclase feldspar (Pl), 
XPL e) amphibole (Am) forms reaction rim on both biotite (Bt) and titanite (Ttn), while titanite 
(Ttn) forms reaction rim on ilmenite (ilm), PPL. f) amphibole (Am) forms reaction rim round 
biotite (Bt), plagioclase feldspar (Pl) and titanite (Ttn), XPL. 
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Figure 4: Photomicrographs of granodiorite showing a) sieve-textured amphibole (Am) with 
inclusions titanite (Ttn) and ilmemite (Ilm), take note of reaction rim of titanite (Ttn) on ilmenite 
(Ilm), biotite (Bt) in contact with amphibole (Am), PPL b) sieve-textured amphibole (Am) with 
inclusion of tiranite (Ttn) and ilmenite, XPL c) brownish amphibole (Am) in contact with biotite 
(Bt), PPL d) amphibole (Am) and biotite (Bt) mantled by plagioclase feldspar, XPL, e) titanite 
(Ttn) along the edges of biotite (Bt), PPL f) titanite (Ttn) between biotite (Bt) and plagioclase 
feldspar (Pl), XPL.  

 



 
 

Development Journal of Science and Technology Research (DJOSTER), Vol. 12, No. 1, 2023 
 

22  

 

Figure 5: Photomicrographs of granodiorite showing a) reaction rim of titanite (Ttn) on deep-
brown biotite (Bt). PPL b) biotite (Bt) surrounded by plagioclase feldspar (Pl) and quartz (Qtz), 
XPL c) titanite (Ttn) enclosed within biotite (Bt), biotite surrounded by plagioclase feldspar (Pl) 
and quartz (Qtz), XPL d) plagioclase feldspar (Pl) mantled by quartz (Qtz), XPL. 

 

Such hornblende texture has been ascribed to K- and Si-metasomatism after solidification of the 

plutonic rocks (Collins, 2003).  

Studies have observed that the Ca/Al ratio of a melt influences the presence or absence of titanite 

in igneous rocks (Frost et al., 2001). Based on the fact that clinopyroxene is absent, the reaction 

can be represented by Equation (1) (Harlov and Hansen, 2005):  

 

This implies that TiO2 is extracted from ilmenite was used in the formation of titanite. Such 

reactions have been reported in orthogneisses of the amphibolite facies (Harlov. and Förster, 

2002). Titanite forming reaction rim on opaque (ilmenite) has been reported in the tonalitic 
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samples of Iwo region (Oziegbe et al., 2020b). A study on amphibole-orthogneiss has reported a 

similar texture (Gutiérrez-Aguilar et al., 2021). Also, study on amphibolites has reported a similar 

texture (Rene, 2008). Clinopyroxene + ilmenite-bearing assemblages have been reported to 

transform into amphibole + titanite-bearing assemblages (Frost et al. 2001). Titanite has been 

reported to commonly form with amphibole in the late stage of crystallization (Xirouchakis et al., 

2001).  

Titanite along biotite grains (Figures 4e & 4f) is an indication that titanite is a by-product of the 

reaction in which plagioclase replaces biotite (Wintsch et al 2015). Plagioclase could be the 

source of Ca for titanite (Imon et al., 2002), while silica could be from the dissolution of quartz. 

Textural feature show plagioclase feldspar mantled by quartz (Figure 5d). Anhedral titanite has 

been described as secondary titanite forming as reaction rim around primary magmatic phases 

(Piccoli et al., 2000). The replacement of ilmenite by titanite in the absence of magnetite is 

indicative of relatively low oxygen fugacity (Cao et al., 2015). Texture of reaction rim on ilmenite 

is suggestive of reducing environment for hydrothermal fluid (Cao et al., 2015). Magmatic titanite 

has been reported to occur in late magmatic stage (Cao et al., 2015). Titanite in 

interstices/cleavages and enclosed within primary biotite (Figures 4a, 4e, 5a & 5b) can be 

described as magmatic titanite based on the fact that it was formed before biotite and because the 

grains occur in the late stage of magmatic process (Cao et al., 2015). The reaction texture in 

Figures 3a & 4e can be best represented by Equation (2), (Harlov et al., 2006):  

Plagioclase 1 (Ca-rich plagioclase) supplies Ca, while ilmenite loses its FeO to the formation of 

titanite rims as well as the formation of biotite (Harlov et al., 2006). Biotite takes K2O and FeO 

and Plagioclase 2 is enriched in albitic component. Textures of inclusion of titanite in biotite 

(Figures 4a, 4b, 5b, 5c & 5d) with the absent of ilmenite in the core can be represented by the 

reaction in Equation (3), (René, 2019): 
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This chemical reaction has been proposed for the titanite of late-magmatic origin in I-type granite 

and spotted granodiorite (Broska et al., 2007; René, 2019). 

6. Conclusion 

As shown in the petrography, straight edges of some mineral grains (amphibole, biotite and 

plagioclase feldspar), coupled with reaction rim of late amphibole on biotite, plagioclase feldspar 

and quartz are suggestive of igneous origin. Textural observations made on the rock strongly 

suggest two origins for titanite: 1) reaction of Ca-rich plagioclase with ilmenite to produce 

titanite, Na-rich plagioclase (albitic plagioclase) and biotite, and 2) Ca-rich plagioclase (andesine) 

reacting with biotite (Ti-rich annite) to give titanite, albite-rich plagioclase (oligoclase) and 

quartz. Amphibole can be interpreted as a product of late stage magmatic crystallization. 
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