
Biotite Composition and Magma Type (Petrogenesis) 
of Sara-Fier Complex, Northcentral Nigeria

1* 2I.O. AJIGO  and E. C. ASHANO
1
Department of Applied Geology, Federal University of Technology, Akure, Nigeria.

2
Department of Geology and Mining, University of Jos, Jos, Nigeria.

*
Corresponding Author: isaacajigo@yahoo.com.

99

Abstract
The chemical composition of biotites in biotite-granite and hornblende-biotite granite of Sara-Fier Complex, north 
central Nigeria have been examined for the purpose of describing the nature of the magma from which they 
originated. Based on the chemistry of the biotites, it is suggested that Sara-Fier Complex rocks are formed from a 
magma that is transitional in composition between alkaline and peraluminous. This type of magma is typically 
produced in an anorogenic environment. The results obtained based on the biotite chemistry compare well with the 
previous interpretations given on the origin of Younger Granite province.

The petrographic studies of the representative samples of granites from Sara-Fier Complex show biotite overgrowing 
and replacing amphiboles and in some cases, plagioclases in places, which necessarily produce a biotite-pyroxene-
plagioclase paragenesis from pre-existing assemblage. The predominantly green and greenish-yellow biotites of the 
investigated rocks indicate relatively high ferric iron content.
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Introduction

Biotite is a common, hydrated ferromagnesian silicate in 
most mafic, intermediate and felsic magmatic rocks, 
covering a wide range of crystallization conditions. It is 
quite sensitive to changes in physiochemical conditions 
of the magma such as temperature, pressure, oxygen 
fugacity as well as bulk chemical composition of the 
magma. Biotite is also a useful indicator of redox 
conditions in granitic magma as well as a mineral that 
reflects the nature and tectonic environment of their host 
magmas, (Abdel Rahman, 1994). In addition, biotites, 
by virtue of their crystal structure accommodate most of 
the common elements present in granitic magma and by 
extension the most important reservoir of any excess 
aluminium in granites that do not have significant 
amount of garnet, cordierite or Al SiO  polymorphs. 2

Thus, the potential of biotite to reflect both the nature 
and physiochemical conditions of magmas from which 
it was formed is high (Masoudi and Badr, 2008). 

This study presents microprobe data to examine the 
possible link existing between the chemistry of biotite 
and the original magma and possibly estimate the 
pressure and temperature of emplacement of the Sara-
Fier Ring Complex in North Central Nigeria.

Geological Setting

Sara-Fier Complex forms part of a chain of anorogenic 
granite intrusions of North Central Nigeria. Two major 

5

cycles of magmatic activities have been suggested for 
the complex: The volcanic and plutonic cycles (Turner, 
1971).

The Sara-Fier Complex is located at the eastern 
margin of the Plateau Younger Granite Province (Fig. 
1), and is postulated to have five volcanic centres, 
spreading out in a north-south direction of about 48Km 
and reaching its maximum width of about 13Km in the 
north (Turner, 1971). 

It is made up almost exclusively of granitic 
intrusives ranging from a minor gabbro, (which form 
enclaves within the granites towards its southern end 
especially around Gonzi), biotite granites through 
microgranites to pyroxene bearing granites and very 
minor extrusives including early rhyolites and some 
basalts. Granite porphyries constitute the ring dykes, 
(Fig. 1).

Minor quartz occurs of the mafic rocks in the mode 
and characteristically anhedral, while small laths of 
plagioclase feldspars occur between clusters of 
amphiboles. Amphiboles are mostly hornblende, have 
high relief and are pleochroic from green to brown. 
Feldspars include some cloudy perthites and laths of 
plagioclase; some of the large feldspars poikilitically 
enclose amphiboles. Amphiboles replace pyroxenes in 
the rocks forming Mg cores within amphiboles. 
Riebeckites are large and in many cases poikilitic, 
hosting quartz, feldspar and other minerals as 
buckshots.



Fig. 1:  Geological map of Nigeria showing the Younger Granite province and the study area. 
            (modified after Buchanam et al, 1971).
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Fig. 2f: Intrusion of felsic (granitic) materials 
             into the mafic rocks at Gonzi.

Fig. 2b: Contact between feldspar, quartz, biotite 
              and amphibole, [T23 (15)].  XPL, (*40).

Fig.2a: Amphibole being replaced by biotite, 
             [D4 (9)]. XPL, (*40).

Fig. 2c: Biotite in different shades of colour, 
              [T18 (13)]. XPL, (*40).

Fig. 2d: Biotite in various shades of colour and 
              showing slight alteration to chlorite at 
              the margin, [P10    (21)].  XPL, (*40).

Fig. 2e: Net veining showing contact between 
              mafic and felsic rock units in the study 
              area.
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Net Veining

The mafic enclaves within the granites give hybrid 
texture seen only in two other locations in the Younger
Granite Province i.e. Saiya Shokobo and Kofayi 
Complex (Buchanan, et al, 1971). In these three 
locations, it is thought that there might have been a 
mechanical mixing at the point of emplacement between 
the felsic and mafic materials rather than magmatic 
mixing because at these “hybridized” zones, the 
contacts between mafic and felsic materials are sharp, 
(Figs. 2 e & f).

Methodology

Rock samples were prepared to standard-size 30 x 45 
mm rectangular sections, 30-micron-thick polished thin 
sections without cover slips. Chips or grains were 
mounted in epoxy disks, and then polished half way 
through to expose a cross-section of the material. Probe-
polishing of the selected sample slides were conducted 
at the Saskatchewan Research Council, Saskatoon, 
Canada. 

Ten (10) well polished thin section samples from the 
representative lithological units (granites, intermediate 
and mafic rocks) of the study area were selected for 
electron probe micro-analysis. Major element 
compositions of the pyroxene, amphibole and biotite 
were determined using an electron probe micro-analyzer 
with wavelength dispersive X-ray spectrometry (JXA 
JEOL- 8900L) at the Electron Microprobe Laboratory, 
Faculty of Earth and Planetary Sciences, McGill 
University, Canada. Operating conditions were 15kV 
accelerating Voltage, 20nA beam current, and 10um 
beam size, using the oxide ZAF (atomic number, 
absorption, and fluorescence) matrix correction 
program. Average major element compositions for 
biotite in selected samples are shown in Tables 1a & b.

Results and Discussions

Mineral Chemistry
Using the Minpet 2.02 program designed by Richard 
(1995), structural formulae of biotite was calculated on 
the basis of 24 (O, OH, Cl, F) and 8 cations. 
Representative analytical data are shown in Table 1. 
According to the nomenclature of Speer (1984) and 
Deer et al (1986), the biotites of Sara-Fier complex are 
classified as Annite-Siderophyllite. The biotites are 
rather homogeneous and their compositions are uniform 
throughout individual samples, (Table 1a & b).

Biotite Composition and Magma Type.
Biotite composition has been used to describe the nature 
of granitic magma (Abdel-Rahman, 1994; Barriere & 
Cotton, 1979; Masoundi & Jamshidi Badr, 2008; 
Moazamy, 2006; Nachit et al., 2005; Shabbani & 
Lalonde, 2003; Speer, 1984).

Biotites in the Sara-Fier Complex rocks show 
significantly high total Al content (biotite granite= 
2.333-3.642; hornblende biotite granite =1.998-3.047; 
Gate hornblende fayalite granite = 2.374 and Fier river 
gabbro =2.475). Also, high levels of iron (FeT) occur in 
the rocks: (biotite granite= 3.835- 6.350; hornblende-
biotie granite =5.196- 6.169; Gate hornblende fayalite 
granite =6.413 and Fier river gabbro = 4.394).

+ +Fe , Ti  and Alvi contents in biotite are used for 
elucidating petrogenetic problems in granitic rocks as 
they tend to define certain temperature range (Abdel-

+Rahaman, 1994). The relatively high content of Ti  and 
+

Fe  in the studied rocks reflects moderate to high 
temperature of crystallization and low to moderate 
oxygen fugacity (fO ), and the moderate Alvi content 
may probably be due to Al activity, (Dada and Ashano, 
2012).

In the Mg-Aliv diagram, (Fig.3), Wulmi, Kadun Gilling 
and Sara biotite and hornblende granites form a high 
Aliv and low to moderate Mg cluster, and the Kwapa 
biotite granite (one sample) and the Fier River Gabbro 
show high Mg, high Aliv species. The Gonzi and 
Kumbul hornblende-biotite granites plot in the low Aliv 
areas. Similarly, in the Mg-Alvi plot, Gilling, Gonzi and 
Kumbul hornblende biotite granite as well as Fier river 
gabbro, Kadun biotite and Gate hornblende-fayalite 
granite form a cluster of very low Alvi and moderate Mg 
content. Sara hornblende granite is moderate in both Mg 
and Alvi content while Wulmi, Kwapa and Gonzi biotite 
granite form a cluster of high Alvi and low Mg content, 
(Fig.4).

In the Al-Mg plot, Kwapa and Gonzi biotite granite, 
kumbul, Gilling and Sara hornblende biotite granites 
form a linear cluster, increasing in Al and Mg content in 
that order (Fig. 5), which may indicate evolution from 
the same magma source. Fier river gabbro, Gate 
hornblende-fayalite granite, Kadun biotite granite and 
Gonzi hornblende-biotite granite form a cluster of 
almost constant Al content with variation in Mg content 
(Fig. 5).

The biotites of the Sara-Fier Complex show elemental 
trends (Al, Fe, Ti, K, Ca and Na) similar to trends 
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observed in Jere-Sanga, Ropp and Buji Complexes, 
(Ashano, 1999, Ashano and Umeji, 2010). This could 
imply that the crystallization conditions leading to the 
formation of the biotites were the same or at least, 
similar. FeO/MgO is very high, varying from 17.188 - 
100.865 for biotite granites and 6.601 - 70.711 for 
hornblende-biotite granites. Also high is the ratio (Fe + 
Mg)/Mg with the ranges from 30.30 - 76.92 for biotite 

granites and 6.201 - 51.897 for hornblende-biotite 
granites. Consequently, the ratio Mg/(Fe + Mg) is very 
low, between 0.013 and 0.032 for biotite granites and 
0.0193 and 0.163 for hornblende-biotite granites. This 
is a ferri-ferrous trend that could imply that the initial 
magma may be alkaline which was later over printed by 
a peraluminous and possibly metalluminous trend on 
evolution. The biotites of the hornblende-biotite 

Table 1: Representative analyses of Biotite from rocks of Sara-Fier Complex.

a.)Biotite-Granite
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granites show a linear fractionation trend of higher Al-
Mg to lower Al-Mg trend formed from a related magma 
type.

Abdel-Rahman (1994) suggested discrimination 
diagrams on the basis of major elements (FeO, MgO, 
Al O ) of biotites in igneous rocks crystallized from A, P 
and C magma types, (where A=Anorogenic/alkaline, 
P=Perluminous and C=calc-alkaline). Based on his 
classification; biotites in anorogenic alkaline suites 
(Field A) are mostly iron-rich and siliceous (near annite) 
with an average FeO/MgO ratio of 7.04. Those in 
peraluminous (including S-type) suites (Field P) are 
siderophyllitic in composition and have an average 

2 3

FeO/MgO ratio of 3.48, whereas biotites in calc-
alkaline orogenic suites (Field C) are moderately 
enriched in Mg, with an average FeO/MgO ratio of 
about 1.76. It is observed that the average FeO/MgO 
ratio in biotite doubles from calc-alkaline orogenic 
suites to per-aluminous and from per-aluminous to per-
alkaline suites, an observation confirmed by this study, 
(FeO - total Fe) (Masoudi & Badr, 2008; John and 
Wooden, 1990).

The Sara-Fier biotites plot dominantly in fields A and P 
(Figs. 7-10), with the average FeO/MgO ratio for all the 
Sara-Fier biotites are way above the average for 
alkaline suits of 7.04. This implies that, based on the 

b.)Hornblende-Biotite-Granite
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chemistry of biotites the Sara-Fier Complex is 
transitional between alkaline and peraluminous magma 
types. In such magma, dissociation of H O and hence 
the release of H to enrich the system in O  at an early 
stage is very minimal. Consequently, insurfficient 
oxygen precludes crystallization of iron-rich pyroxenes, 
amphiboles and iron oxides (magnetite). This may 
enhance the build up of iron in alkaline and 
peraluminous melts from which low Mg- and high Fe-
biotite crystallizes, (Abdel-Rahman, 1994; Lalonde, 
1993; Shabbani &Lalonde, 2003).

Conclusions

Chemistry of biotite from Sara-Fier Complex indicates 
that they are transitional in nature and hence may have 
been associated with magmas having physicochemical 
properties between alkaline and peraluminous series. 
This characteristic may have resulted from an 
overprinting of an initial peralkaline magma owing to 
peraluminousity due to volatile loss, which type is 
typically produced in an anorogenic environment. These 
results compare well with earlier works on the Younger 
Granite province, (e.g. Buchanan et al, 1971), which 
describe them as “anorogenic, peraluminous granites. 
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Fig. 3: Mg vs Al  for biotites of Sara-Fier 
            Complex. (Ashano, 2000).

viFig. 4: Mg vs Al  for biotites of Sara-Fier 
            Complex. (After Ashano, 2000).

vs
Fig. 5: Al  Mg for biotites of  rocks of Sara-Fier 
            Complex. (After Ashano, 2000).
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Fig. 6: Diagrams showing the classification of 
            biotite according to the nomenclature of 
            Deer et al (1986).

Fig. 7: Al O -MgO biotite discrimination diagram 2 3

            (After Abdel-Rahman, 1994). 
            A= Alkaline suites; P= Peraluminous suites; 
            C=Calc-alkaline orogenic suites.

Fig. 8: MgO-FeO biotite discrimination diagram 
            (After Abdel-Rahman, 1994). A= Alkaline 
            suites; P= Peraluminous suites; 
            C=Calc-alkaline orogenic suites.

Fig. 9: Al2O3-FeO biotite discrimination diagram 
            (After Abdel-Rahman, 1994). 
            A= Alkaline suites; P= Peraluminous suites; 
            C=Calc-alkaline orogenic suites.

Journal of Mining and Geology Vol. 50(2) 2014.106



Fig. 10: MgO-FeO-Al O  biotite discrimination 2 3

              diagram (After Abdel-Rahman, 1994). 
               A= Alkaline suites; P= Peraluminous 
              suites; C=Calc-alkaline orogenic suites.

References

Acknowledgment

The authors are greatly indebted to the Director, 
Nigerian Geological Survey Agency (NGSA), Mr. Abu 
and the thin section laboratory technicians (Mr. Madaki, 
Mr. Shetima and Mrs. Dorathy), for preparing the thin 

section slides; Dr. Steve Creighton and Jennifer Doxy of 
Saskatchewan Research Council, Saskatoon Canada, 
for polishing the thin section slides; Prof. Andrew 
Hynes and Dr. Lang Shi of electron microprobe 
laboratory McGill University, Montreal Canada, for 
conducting microprobe analysis on the sample slides.

Journal of Mining and Geology Vol. 50(2) 2014. 107



Received 10th September, 2013; Revision Accepted 18th July, 2014

Journal of Mining and Geology Vol. 50(2) 2014.108


