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ABSTRACT

\ Qxide minerals, notably iimenite and titanite occurring in the biotite granite gneiss of Abeokuta area,
southwestem Nigeria, were analysed using an electron microprobe with a view to contribute to the existing knowledge

on the petrogenesis of the rock.

ilmenite occurs as idiomorphic euhedral crystals in the biotite granite gneiss. Compositionally, it belongs to the
imenite-pyrophanite series consisting of about 94mol.% FeTiO,, 5mol.% MnTiO; and 1mol.% MgTiOs. It constitutes
about 80% of the opaque minerals in the rock. Grey, wedge-shaped prisms of titanite were cbserved in close
association with pyrite. Other opaque minerals present include pyrrhotite, which is associated with chalcopyrite and

covellite,

Petrography and chemical data of the ilmenites and titanites suggest that the protoliths of the biotite granite
gnelss are mainly igheous. These chemical data can also serve as petrogenetic discriminator, particularly in a

polymetkamorphxc terrair.

KEYWORDS limenite, tttdnlje petrochemlstry granite gneiss, Abeokuta

INTRODUCTION

The biotite granite gneiss of Abeckuta area is
part of the Precambrian basement complex of
southwestern Nigeria, which is believed to evoived
through at least three major episodes of deformation,
metamorphism and remobilization (Rahaman, 1988),
- Geochemical study of gneisses in the basement
cormplex of southwestern Nigeria has shown that many
of the gneisses are of metasedimentary origin (Jones
and Hockey, 1964, Burke et al., 1972, Elueze, 1982a
and 1982b). Other workers, no}ably Grant (1970),
Rahaman and Ocan (1978) and Onyeagocha (1984)
proposed igneous origin for certain gneisses in the
basement complex of Nigeria. It is therefore a general
consensus that the variations. in the chemical

compositions of the gneisses underscore the need to -

:se more geoche. nical data to decipher the origin and
evolution of these ubiquitous rock bodies. This is very
important since available geochemical data are
insufficient to equivocally distingutsh between a
sedimentary and an igneous origin for the gneisses
(Rahaman 1988).

Oxide minerals of the ilmenite group occur in the
biotite granite gneiss of Abeokuta area, southwestern
Nigeria (Eig. 1). Many workers have used ilmenite and
titanite compositions to unravel the petrogenesis of
diverse rock types of igneous and sedimentary origin.
Studies by Tompkins and Haggerty (1885) have shown
that FeTi oxide minerals are useful monitors that may
reflect changes in the bulk_icomposition, volatile
contents, temperatures and” okygen fugacities of
- cystalhzation. According to Haggerty (1976), ilmenite of
high MgO is typical of kimberlite, while Ulrych and Lang
(1985) proposed that the presence of Mn-rich ilmenite
(pyrophanite) in the metamorphic rocks of Manicaragua
zone, Cuba was associated with contamination by Mn-
rich granites from the underlyin ng zones.

The aim of the present investigation is therefore
to assess the petrogenesis of the rock body, using
petrographlc and microchemical data of ilmenite and
titanite phases in the granite gneiss of Abeokuta area.
This novel method can also serve as petrogenetic
discriminator in the polymetamorphic terrain of the
basement complex of Nigeria.

PETROGRAPHY

The biotite granite gneiss within  the
Precambrian basement complex of Abeokuta area,
southwestern  Nigeria, occurs within a zone
characterized by granitic intrusions (Fig. 2). It is medium-.
to coarse_grained. The rock is composed of quartz (ca.
20%), plagioclase feldspar (oligotlase to andesine) (ca.
30%): microcline (¢a, 30%), biotite, (ca. 15%) and calcic
amph:&e (ferrokaersutite) (ca. 5%). Petrographic
studies ‘show that titanite and ilmenite are common
accessory minerals in the rock. QOthers are inclusions of
zircon, apatite, pyrite, pyrrhotite and chalcopyrite.

The gneisses in this area contain index minerals
garnet and hornblende. The mineral assemblages
occurring in the rocks indicate that the metamorphism
was regional medium to high amphibolite grade.
Elsewhere, north of the study area, low to medium grade
schists containing garnet and staurolite are present.
Also, high-grade gneisses characterized by the
presence of sillimanite occur towards the eastern part of
the area near Ib&dan. However, in the biotite granite
gneiss studied, minerals 'of sedimentary origin, such as
sillimanite, kyanite, staurolite and cordierite, are not
seen in the thin section.of the rocks. The occurrence of
rocks of varied metamorphism and age within this area
is an indication of polyphase metamorphism of the
basement complex.

Fine grained, discrete laths of iimenite (0.5mm)
are. present as idiomorphic euhedral crystas. In
reflected light, prismatic crystals of rutile and apatite
(0.03mm) are seen disseminated within the rock. Grey
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Fig. 1: Location map of Abeokuta area within the basement complex of southwestern Nigeria.

wedge-shaped elongated crystals- of titanite with pyrite
inclusions were also observed in the polished section’
(Fig. 3). Both pyrite and pyrrhotite occur as irregularly
shaped sulphide grains of about 0.04mm (Fig. 4).

ANALYTICAL TECHNIQUES
Polished samples of the biotite granite gneiss of

~ Abeokuta area were prepared for chemical analysis. ’

limenite and titanite phases to be analysed were
selected using the ore microscopic method. An electron
probe micro-analyzer, CAMECA® SX-100, operated at
20kV and 20nA was used, after calibration of the
instrument with standard minerals. Major elements
concentration of Si, Ti, Al, Fe, Mn, Mg, Ca and V were
determined. The analytical data were converted to
oxides and recalculated to their respective structural
formulae as shown in Tables 1 and 2.

ot

The other opaque accessory minerals in the
biotite granite gneiss, notably pyrite, pyrrhotite and
chalcopyrite were not analysed because the micro-
analyzer was not calibrated for sulphide analyses. Also,
it is difficult to obtain with confidence the compositions of
minor constituents such as magnetite or haematite
alone, since these minerals generally occur as very
small crystals and as intergrowths with other minerals
including iimenite.

MINERAL CHEMISTRY

limenite ; :
Rhombohedral ptates of iimenites in the biotite

granite gneiss of Abeokuta area are euhedral--to

subhedral in shape. These textures are similar to those

of ilmenites crystallizing in basaltic environment

(Haggerty, 1976). The chemical formula of ilmenite,

s T
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| Fig. 3; Photomicrograph of the bictite granite gneiss
showing ferrokaersutite amphibole (A), plagioclase
(pl) and zircon (7). Crossed polars. x 2.5mm.

calculgted on the basis of three oxygens, is presented in
Table/1. The chemical data show that the ilmenites are
high in FeQ (ca. 45%), TiO, (ca. 53%) and MnO (ca.
2.0%) contents, with low MgO (0.05%) and total
absence of ALO; (Table 1). V.03 content varies from
0.13 to 0.53%. This composition suggests that the
protolith of the gneisses has igneous affinity.

The absence of Fe* in the chemical
composition of the iimenite (Table 1) is attributed to an
overall lack “of oxidation in the parageneses. This
reflects total reduction of the protolith during amphibolite
facies metamorphism by the sulphides (pyrite, pyrrhotite

Fig. 4. Photomicrograph of the biotite granite gneiss
showing inclusion of pyrite (Pi) in titanite (Ti). Crossed
polars, oil immersion, longer edge of photo is 420um.

and chaicopyrite) present (Pinet and Smyth, 1985). Also,
this could explain the absence of free hematite in the
mineral assemblage. The Fe’" composition and’ the
haematite content would have been higher if the rock is
metasedimentary.

A distinguishing feature of the ilmenite in the
Abeokuta granite gneiss is their high and variable MnO
content (1.23-3.46%), which may be attributed to the
mobilization of Mn into the iimenite during
metamorphism. Mole percent pyrophanite (Mn), ilimenite
(Fe*™) and geikielite (Mg) content for each of the
iimenites analysed are plotted in Fig. 5. The samples
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form a cluster around the FeTiO; peak of pure ilmenite |
(QQ mol.%). The pyrophanite content is about 5mol.%,
while MgTiO3 is averagely 1mol.%. Such pure ilmenites

Table 1: Chemical compositions (wt.%) of iimenite in biotite granite gneiss of Abeokuta ared.’

o

T 2 3 3 5 8 I v 10
SiO; - - - - - - - -
TiO2 . 5260 53.31 5267 52.30 51.32 53.40  51.57 51.74 53.25 50.76
Al;Q3 - - - - - - - - - -
FeO 4525 4573  44.76 43.24 = 45.71 4422 4483 4557 44.61 46.92
MnO 219 1.86 2.37 3.46 3.30 2.51 3.25 2.35 2.43 1.23
MgO 0.05 0.05 - 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.04
V203 0.43 0.44 0.39 0.40 0.13 0.15 0.25 0.33 0.41 0.53
Total 103.5 1012.39 10024 . . 99.45 100.51 100.32 99.895 100.04 100.75  99.48
Structural formulae on the basis of 3 oxygens, for ilmenite
Si - - - - - - - - - -
Ti ' 0.993 0.998 0.997 0.998 0.967 1.011 0.965 0.981 1.003 0.967 |
Al - - - - - - - - -
Fe? 0.950 0.952 0.943 0.918 0.958  0.931 0.960 0.961 0.935 0.994
Mn 0.047 0.039 0.051 0.074 0.070  0.054 0.068 0.050 0.052 0.026
Mg 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Y 0.008 0.009 0.008 0.008 0.003 0.003 0.005 0.007 *0.008 0.011
{ Total 2.000 2.000 2.001 2.000 2.000  2.001 2.000 2.001 2.000 2.000
Table 2: Chemical compositions (wt.%) of titanite in biotite granite gneiss of Abeokuta area.
1 2 3 4 5 6 7 8 9 10
SiO; 30.47 30.70 30.95 31.33 31.84 30.75 2996  31.20 30.88 31.56
TiO, 35.67 36.90 36.08 35.52 34.96 37.11 37.05 3548 36.22 35.34
ALOs 3.52 2.62 2.70 2.87 341 3.05 3.58 2.64 3.7 2.55
FeO 0.09 0.64 0.82 0.79 0.55 0.69 0.72 0.68 0.95 0.80
MnO 0.08 0.09 0.08 0.06 0.10 0.05 0.07 + 0.09 0.07 0.08
Ca0 29.23 29.49 29.54 28.91 28.85 27.91 28.05 29.10 28.62 28.95
V203 0.29 0.31 0.33 0.25 0.30 0.28 0.26 0.34 025 0.20
Total 100.16 100.75 100.50 99.73  -100.01 99.84  99.69  99.53 100.70 99.48
Structural formulae on the basis of 5 oxygens, for titanite
Si 0.974 0.980 0.988 1.007 1.018 0.992 0.967 1.005 0.983 1.017
Ti 0.858 0.886 0.867 0.859 0.840 0.900 0.899 0.860 0.867 0.857
Al 0.133 0.099 0.102 . 0.109 0.128 0.116 0.136 0.100 0.139 0.097
Fe®' 0.024 0.017 0.022 0.021 0.015 0.019 0.019 0.018 0.025 0.022
Mn 0.002 0.002  0.002 0.002 0.003 0.001 0.002 0.003 0.002 0.002
Ca 1.002 1.008 1.011 0.996 | 0.988 0.965 0.970 1.005 0977 1.000
\ 0.007 0.008 0.008 0.006 ‘!"\ 0.008 0.007 0.007 0.009 0.006 0.005
Total _3.000 3.000 3.000 3.000 23.000 3.000 ‘3\0Q0 . 3.000 2.999 3.000
Titanite

are characteristic of igneous progenitor.

Grey, wedge-shaped prismatic cryétals of
titanite, otherwise known as sphene identified in the
- polished section of the Abeokuta granite gneiss were

1

/

/
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-analysed. The chemical formula of titanite is calculated
on' the basis of 5 oxygens (Table 2). Na and K were
excluded from the formulae because of their presence in
negligible amounts. Fe in the titanite studied is
considered as only Fe*. The Fe* is suggested to
occupy the Ca-dominated site. These support the view
of Coombs et al., (1976). Ti was also assigned to the Si-
populated ' tetrahedral site in hne with the views of
Hollabaugh and Rosenberg (1983),.

The titanites analysed.- sHows the presence of
considerable amount of Al, sthall amounts of Fe and Mn.
Al;0; ranges from 26? to 3.58%, FeO 0.64 to 0.95%
and MnO %om 0.05 to 0.09% (Table 2). According to

Higgins and Ribbe, (1976), the occurrence of Al and Fe
contents in the structure of titanite is mainly attributed to
the substitution of Ti by Al and Fe. The. titanite is also
enriched in V;0; to the tune of 0.29 to 0.31% (Table2).
The analysis of titanite (Table 2 were 2plotted
with data from the literature in an Al - *+Fe’
triangle (Fig. 6). Titanites of the Abeokuta granlte gneiss
concentrate in one region, which shows Al content of
between 9 and 14% (Fig. 6, Field A). Titanites from-
some metamorphic rocks, such as pumpellyte-bearing
graywackes (Coombs et al, 1976) and basalis:
(Nystrom, 1982) lie between 5 and 10% Fe?*+Fe® (Fig.
8, Field B). The titanites generally contain higher

Fe Ti O3

Mg Ti O3

Mole b

Fig. 5. FeTiO; ~

carbonatites and lamprophyres field.

MgTiO; — MnTiQ; triangular plot comparing the ilmenite composition in granite gneiss of Abeokuta
area with those of carbonatites and kimberlites (Mitchell, 1979). (A) -

Kimberlites figld. (B) — Acid-basic igneous rocks,

Fig. 6: Plots of titanite in an Al - Ti -

Fe

Fe triangle.

e — Titanite from granite gneiss of Abeokuta area (Field A, This study). -

x — Titanite from pumpellyte bearing greywackes ( Field B, Combs et al., 1976).

A - Titanite from basalts ( Field B, Nystrom. 1982).
o - Titanite from felsic igneeus rocks and pegmatite ( Field C, Deer et al., 1982).
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amounts cf Al and or Fe than those of the granite gneiss -

of Abeckuta area. Analysis of foyr titanite crystals in
felsic igneous rocks and pegmatite (Deer et al., 1982),
show higher Ti and lower Al compared to the other
parageneses (Fig. 8, Field C). The intermediate position
occupied by the titanite of the biotite granite’ gneiss of

Abeokuta area, on the triangular dqagram indicate that-

the rock probably evolved through an igneous process,
with probable crustal contamination, -in line with the
views of Boiarinwa, (2001) and Elueze. and Bolarinwa,
(2004). '

DISCUSSION AND CONCLUSIONS

Mitchel, (1979) and Gaspar and Wyillie, (1984)
attempted using ilmenite compositions to refute or
support a kimberlite-carbonatite relationship,
respectively. Their arguments are based on the
compositions of ilmenite assigned to kimbertites in terms
of FeTiQz — MgTiO; — MnTiO;. As shown in Fig. 5, the
Mn contents in. kimberlitic ilmenites (Field A) are very
low. Also, the Fe contents are somewhat lower than
those of ilmenite derived from acid and basic igheous
rocks, carbanates and lamprophyres (Field B).

limenites in. the biotite granite gneiss of
Abeokuta area (Fig. 5, Field B) show considerable

“overlap with the fields for iimenites in acid and basic
ign€ous rocks, carbenates and lamprophyres (Field B,
Mitchel, 1979). However, plots of TiO, against MgO for
the discrimination of the iimenites ‘into typical rock
compositional fields of Haggerty (1976) show that the
iimenites fall near the field of tholeiitic rocks
(Fig. 7, Field B). This is consistenit with the dioritic nature

of the rock (Table 3, Fig. 8). Also, most of the ilmenite
samples from Abeokuta area possess higher Ti content
than what obtains in the compositional fields of
Haggerty, (1976) as shown in Fig. 7. This can . be
attributed to crustal - contamination (Elueze -and
Bolarinwa, 2004). , .

Tompkins and Haggerty (1985) noted that
because the majority of iimenites are not melt-derived, it
is invalid to draw any genetic or petrological inferences
between kimberlites and carbonatites based on ilmenite
compositions of diverse origin. They obserWed that the
compositional fields overlap and that genetic
implications may be tenuous. They stated’ further that
the only valid conclusion is that both kimberlitic and
carbonatitic melts are charged with late stage silicate-
incompatible elements including Nb, Zr, Mn and to some
extent Ti, which can be used as petrogenetic indicators
in the rock formed from the melt. It is worthyj of note that
Nb (ca. 31ppm) Zr-{ca. 507ppm) and Ba (ca. 963ppm)
are enncheg in the biotite granite gneiss of Abeckuta
The wide rgnge of variations in the
composition— of these trace elements, ‘have been
aftributed toa mixture of igneous and sedi entary input
(Elueze and Bolarinwa, 2004).

Ti, Si and Ca are needed for the formation of
titanite. The association of titanite with titanium- bearing
minerals, such as Ti-rich biotite and hornblende, and
also with Fe-Ti oxide of rutle (Gorbatschev, 1962
Merino, 1975, Morad and Aldahan, 1982,1985 and
1986) indicates that the major source of Tl is through
mobilization from these minerals. The major sources of

o
o
-
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Fig. 7: Plot of the Abedkuta ilmeniteé on the TiO, versus
MgO diagram of Haggerty (1976).

m - Abeokuta ilmenites, limenite from
(A) - (B) — tholeiitic rocks,

(C) - basanitic rocks and (D) -

acid rocks,

kimberlites.

A -Basatt & andesite

B —Quartz diorite

C — Granodiorite

D ~ Wyoming greywakes

€ - Granite and quartz
" monzopite

CaO

Ng2 0 KZU

Fig. 8: CaQ - NaO - K,O diagram of granite gneiss from
Abeokuta area (after Condie, 1967)
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Table 3: Wholé rock chemical compositions of the bictite wianite gneiss.

present in the biotite granite gneiss shows that it is the
calcium-rich ferrokaersutite (Fig. 3) from which Si and
Ca may be mobilized to form titanite. The chemistry of
the titanite studied compare fairly we!l with titanite from
basalts (Nystrom, 1982, Fig. 8). The Fe content is
however lower than those of basalts (Fig. 8). The low

© Fe, Mg and Mn contents of the titanite suggest felsic
igneous origin. This supports the view of Rahaman and
Ocan (1978) that most of the granite gneiss in the
Nigerian basement complex is intrusive. The relatively
higher Al of the Abeokuta titanite compared to that of
igneous rocks and pegmatite of Deer et al., (1982; Fig.
6) may be due to crustal contamination.

On the basis of the chemical compositions of
the ilmenites and titanites in the biotite granite gneiss of
Abeokuta area and its whole-rock geochemistry, a
magmatic origin invalving partial melting, which was

probably augumented by crustal contamination is .

proposed. The primary ilmenite and titanite compositions
may have been altered due to post-cystallization
deformation associated with recrystallization of the rock,
as evident in the alignment of the ilmenite and titanite
crystals (Fig. 4). Thus, ilmenite, titanite and other

I 2 3 4 "~ 5 6 7 8 9 10 | Mean Range
S8i0, 5790 3845 6880 5982 6890 6650 6578 6826 67.74 69.09]65.12 |57.90-69.09
TiO; = 1.93 1.56 0.66 1.79 051 0.32 041 031 035 028 081 0.28-1.93
| ALO; 1480 14.06 1440 1486 1530 1521 1633 1485 1566 1554 | 15.10 | 14.80~16.33
Fe,0; 1030 8.79 4.89 9.34 3.24 4,23 3.86 3.18 4.01 323 | 551| 3.18-10.30
MuO 0.16 0.14 0.08 0.12 0.04 0.08 0.09 0.06 0.07 0.06 | 0.09| 0.06-0.16
MgO 192 176 134 156 050 08 072 067 085 061 1.08| 0.61-1.92
CaO ™ 3501  4.45 2.35 5.00 1.78 3.25 3.68 3.96 3.04 320 3.57 | 3.04-5.01
Nz 300 346 3.09 302 307 384 375 384 326  3.09| 3.35| 3.00-3.84
1'K0 365. 5385 2.85 3.39 5.81 3.78 3.36 3.04 3.19 342 | 3.83| 3.04-5.85
P,0s - 0.67 0.56 0.13 0.22 0.24 0.26 0.35 0.26 0.33 027 | 033 0.26-0.67
0 01 0.15 0.32 0.14 0.07 0.10 0.15 0.07 0.11 0.05] 0.13 ) 0.05-0.15
LOI 025 0.58 0.76 0.39 0.46 0.75 0.82 0.65 0.59 036 | 056 | 0.25-0.48
Total 9970 9991 9968 99.65 9992 99,18 9930 99.15 99.10 99.15 1 99.48 : '
Trace clements (ppm)
Nb 29 38 11 40 17 33 36 44 30 35 3i 29-44
Zr 770 655 298 507 .. 325 0 725 688 279 526 296 | 507 | 253-770
Y 54 52 20 46 20 32 39 52+ 48 44 41 20 -54
St - 261 306 468 235 128 136 364 148 432 279 | 276 121 - 468
Rb 154 277 95 214 309 208 255 306 274 168 | 226 154 - 309
Pb 22 25 21 33 36 25 28 34 32 35 29 22 -36
Ga 25 24 20 30 25 28 32 26 30 26 27 25 - 32
Zn 110 88 68 106 71 32 45 39 36 47 64 32-110
Cu 3] 25 <5 17 8 16 2] 26 24 20 19 16 - 31
Ni 92 66 31 82 23 24 20 18 25 16 | 40 1692
Co 35 30 25 24 11 28 25 23 25 24 25 23-35
Cr I 33 51 48 i1 30 42 33 38 26 32 11-51
\ v /8 40 75 35 14 79 75 80 75 g3 1 64 14 - 83
Bo 134 333 i387 900 839 7435 808 963 836 1249 | 963 | 784 — 1587
| Se 19 12 9 10 <5 25 14 21 18 23 | 15 | 19-25
Si and Ca come from the calcic plagioclase feldspars opaque minerals - composition could serve as
and amphiboles. Microprobe analysis of the amphibole petrogenetic discriminator, particularly in a

polymetamorphic terrain, such as the Nigerian basement
complex.
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