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ABSTRACT

The Older Granite suite is represented in southeadtigeria as in other parts of the country. Imtimern Obudu
area, they are exposed as oval or dome-shapededolzdies that are sporadically distributed witlire
Precambrian basement complex. The granitoids, demgr mainly gneisses of monzogranitic composition,
constitute the basement for the emplacements d¢f gabbroic and doleritic intrusions. The pervasstictural
trend of the basements rocks in the N — S to NEV-pgBssibly point to the fact that the rocks wereeted by the
Pan — African orogeny. Field and petrographicatlences abound to support magmatic origin for thhergaocks

of the granite gneiss. The occurrence of ferromsigmephase(s) as isolate flakes or as oriented tat probably
followed magmatic flux direction, which is simil&w the regional N —S to NE — SW foliation of thearsuggest
syntectonic emplacements of the granitoids. Theigraneiss is extensively dissected by a netwéiktersecting

or crosscutting quartzofeldspathic stringers onsiieinlets of various widths and orientations whadso indicate
the relevance of post-tectonic deformation and et@utalteration in the evolutionary history of thmecks.
Moreover, the granite gneiss is charged with nuoengenolithic lenses, rafts and blocks of the cgunbcks
suggesting that one of the mechanisms of empladeaiehe parent granitic rocks may have been tloegss of
piecemeal stoping. The parent rocks were possiblyi&ced into high-grade metamorphic rocks as drtise Pan-
African (600 + 150 Ma) remobilization of the Nigan basement. The N - S trending shear zones ara oth
structures in the basement provided zones of weakfa@ the ascent of magmas, thereby causing tties rm
conform to the N - S to NE — SW structural trendhef country rocks.

Keywords: Granite, Pan—African, Obudu, Nigeria.

INTRODUCTION

The Nigerian segments of the Precambrian Tran-8ah@an-African orogen, in-between the West Africaaton
and the Congo craton (Fig. 1), is related to Aingtar, Cameroon and Borborema Pan-African (Brasi)ia
provinces [1] [2] [3] [4]. And one of the charaddic features in the Precambrian geology of mdsthese
provinces is the occurrence of a large number ahigpid bodies sporadically distributed in the basat, coeval
with high-grade metamorphism [5] [6]. In Nigeriadasurrounding areas, these granitoids belong toCiuer
Granite suites, which are clearly attributable e tPan-African Orogeny (600 + 150 Ma) [7], and ima#l,
comparable granitoids especially in the Borborenwaipce are associated with the Brasiliano Orod&hy2Q] [10].
The Older Granite suites in Nigeria were so namgdrdiconer [11] to differentiate them from the Mesic tin-
bearing Younger Granite suites, which are volcgngiitic ring complexes in the Jos Plateau areg. (B).
Members of these Older Granite suites show wideggaaf composition from granite through granodigrite
adamellite, quartz - monzonite to syenite [12] [1Bhey are commonly emplaced into migmatitic rodkigih -
grade gneisses and paraschists of Liberian (2700 Etaurnean (2000 — 2700 Ma) and probably Kibafiat00
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Ma,) ages [14-21]. The foliated nature of somehefpporphyritic granite members of the rock suit@gehled to their
various classification as porphyroblastic granipesphyroblastic gneisses, granite gneisses2et@f].

Generally, not much is known about rocks occurringhe Precambrian terrain of northern Obudu region
southeastern Nigeria. Ejimofor et al. [25] studfrecambrian migmatitic and granitic gneisses witiphibolitic
lenses/inclusions in the northwestern and slighilyerlapping areas. Umeji [27] document occurrenoés
monzogranites in Jato Aka area. An investigatiwith a view of documenting the different lithologi®f an
hitherto geologically unknown terrain situated hegst of Obudu in southeastern Nigeria [28] revkdiat the area
is especially distinguished by the preponderantégrims of exposures, of massive granitoids in fofrbatholiths
or granitoids of mostly acidic-intermediate compiosis associated with older rocks of the regiontahly
migmatitic schists and gneisses (Fig. 3). Thesaitgids most likely form parts of the chains of wrajntrusions,
which appear to be structurally controlled by érigtNorth-South Pan-African trend within the basamend
possibly extend all the way from the Republic of@aoon to the margin of the Benue Trough as sugddsy
Ajibade [29]. The granitoids exhibits all the ditrtes of the Older Granite suites [20] and, thentgranite gneiss’
is considered most appropriate for the rocks. Tiesgnt research work is intended to be a detailesktigation of
the field, structural and petrographical charast&s in relation to the evolutionary history oétbranite gneiss of
northern Obudu area (Fig. 3). It was borne ouhefneed to contribute towards solving the probbéimadequate
investigations of the geology of the northern regiof Obudu in particular and southeastern basegwmmplex of
Nigeria in general. This paper is the first in aiese of studies to be performed particularly on ghanite gneiss of
northeast Obudu area of southeastern Nigeria. §ubsé studies will hopefully incorporate mineraleofistry,
whole-rock geochemical, geochronological and gaatbbarometric data.

STUDY AREA

The area of study is situated northeast of Obudilnénsouthern region of present-day Benue Statdigdria. It
covers approximately 784 square kilometers delihiitg latitude 845 and 700 N and longitude @5 and 930 E,
and enclosed within the Nigerian topographic sB8dt(Obudu NE) (Fig. 3). Climatic conditions in theea, like in
other parts of the tropics, are characterized byaiternation of wet and dry seasons. The meanahtemnperature
varies from 14 — Z& and mean annual rainfall of approximately 20@D80m are obtainable in the area, together
with high humidity [29]. In terms of vegetationetlarea lies within a zone of transition betweenftiiested south
and the Sudan Savanna. The high and luxuriant fiiest that have for a long time constrained geoklg
investigations in southern Nigeria have given wajess dense forests and a progressively more spemna-type
of vegetation in the study area. In terms of releftensive high-level plains that are occasionadtgrrupted by
sporadic isolated highland that are predominaritipthevel granitoid bodies characterize the areastwf the hills
in the area have oval to conical apex that appeéiave been flattened by the combined effect obletfon and
spheroidal weathering. The average elevation oatka is in the range of about 183 metres, and higty altitudes
that may exceed 900 metres are obtainable in thihasastern region of the study area. Two majorsiyAmire U
Kiriki and Amire U Tamen) sculpture the landscap¢he area in a North-South direction, and the de#nof these
rivers constitute the lowest portions of the arelaath the eastern and western portions.

GEOLOGICAL SETTING

Oban Massif and Bamenda Massif are the two maitegemnic units that dominate the regional geoldgsedting
of southeastern Nigeria (Fig. 2). The Obudu Plateanstitutes part of the Bamenda Massif extensiats
southeastern Nigeria. It is a vast N-S trendindhiggade metamorphic terrain that form part of tlee-Rfrican
Trans-Saharan belt exposures in southeastern Wigeike most parts of eastern Nigeria, it is edatnt
characterized by the occurrence of regionally metaimsed rock successions, pervasive migmatizatidngranite
plutonism [4]. The northeastern region of Obuduwdrich the present study is based, is a high-gragi@morphic
terrain that comprises migmatitic gneisses, migtisatichists, granite gneisses, metagabbros, amigthband
dolerites. The distributions and spatial assoamtibthese rocks are shown in Figure 3. For brewityy a summary
of the characteristics of rocks associated withitivestigated granite gneiss are presented inpdgier; details are
in Ephraim [26].

The Amphibolites are highly deformed and metamosgkip and occur mainly as dismembered enclavesdensd
dyke-like bodies within the granite gneiss of theaa The migmatitic gneisses and schists are qfaftispathic in
composition, and typically exhibit migmatitic chateristics. They form the basement, which has liedormed at
most localities as a result of extensive invasibpamagmatic rocks of mostly granitic, pegmatiticd agabbroic
compositions. The metagabbroic rocks occur asdelati to ovoid-shaped bodies at both the northethsouthern
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regions of the study area in close association wftb granitic gneiss. Dolerites are probably thdyon
unmetamorphosed as well as the youngest rocksrtheast Obudu area, and they occur as undeforntediions
into the granite gneiss.

FIELD AND STRUCTURAL CHARACTERISTICS

The granitic gneiss is represented in the studg byeseveral intrusive — like granitoid bodies biious plutonic
origin, exposed as oval or dome-shaped bodies @igporadically distributed in the basement compticks at
both the northwestern and southeastern sectionseTlgeanitoid bodies often form topographic highispldy
intrusive contact relationships with the countrgk®s and have a dominantly north-south trending laxis which
probably confirms the observation that there igradéncy towards elongation in the N-S or NE-SWdlioas of
Older Granite bodies in the Nigerian basements [20]. N-S to NE-SW direction is also the prevalémeind of
foliation and fold axes of deformed basement rodke granitoid bodies in northeast Obudu area aneptetely
surrounded by migmatitic gneisses at both regionghich the rock unit crop out. And despite thdased nature of
the exposures in the field (Fig. 5), it is cleamfrfield observations that the parent granitoidsiged to a coherent
granitoids body that once underlain the area. Tdreow contact aureoles that this rock unit disphdgh the hosts
(migmatitic gneiss) is usually slightly chilled Wwisome baking of the country rock often being ewid# or near the
contacts. Commonly the granitic rock is chilled arsially modified near the contacts, while the hangimatitic
rocks are baked and consequently become more geei§sig. 6).

With very few exceptions, these granitoids gengrakhibit similar features. For instance, exfobatiweathering
has affected all of them, giving rise to large-scaheeting or peeling of the rocks (Fig. 7). Theulteof such
weathering is that joint-bounded concentric shellthe rock and large fragmental boulders that appe liein-situ
are rampant and constitute parts of most of theosxgs. Each granitoids is typically made up of iomed to
coarse-grained porphyritic granitic rock(s) near tharginal areas where it is difficult to isolakes tsurrounding
migmatitic gneiss complex rocks due to the preseficearrow contact aureoles within the country ackhe grain
size increases very slightly inwards into the oofreach of the granitoids. Within the core or cahtegions of the
granitoids bodies, numerous well-formed or euhegoaphyroblastic crystals that are dominantly octhse, biotite
and plagioclase are present. Granitic rock occgrriithin each of the granitoids is generally homumes and
weakly to strongly foliate; the foliation being jpiel to the N — S trending structures of the copnbcks. Distinct
foliation is observable at the marginal areas, il the core or central regions of the granitoglsh features are
virtually absent. The granite gneiss, particuldhlgse of the Ushongo region (Fig. 3), hosts a nurobenedium to
large xenolithic inclusions of probably amphibajtigneissose, schistose or even reworked granginmls in
various random orientations (Fig. 8 — 10). Theswokths, which commonly occur as pods (Fig. 8),etbeor lenses
(Fig. 9) that have been subjected to variable degfehomogenization most often display sharp matgRotations
and relative displacements of blocks of xenolitimaterials, sometimes resulting in the occurrencmiobr faults
with throws of about 20 to 65 cm within the hostkphave been observed within the field (Fig. 1Q)ithin
Ushongo granitoids, they exists numerous tensishemthat are quite extensive. These tension gastiess up to
40 cm from an initial width of about 14 cm, and a@ granular in texture but smooth and polishedmirous
smaller ones of about 2cm width, separated fronh dgcabout 1m gaps are also present in the areagiidnite
gneiss is dissected at various positions by quieldspathic veins and joints, giving the rock atstrad appearance
(Fig. 11). The ones that are associated with theitpids in the southeastern margin of the areamar@s numerous
as those of the northern region. These quartzgfettisc veins are dominantly zoned and composeduaftg,
feldspars and minor amounts of mafic minerals. Nuwue sheeted dykes of both mafic and felsic coniposalso
invade the rock at various position. Some of thaesisions have been rotated and some slightlylatisg. It is
interesting to observe that the quartzofeldspatiiims often cross — cut even xenolithic materiddy.( 12),
indicating the relevance of deuteric and post totgc alterations in the evolutionary history oéttocks. Joints
within the granite gneiss trend dominantly in tHeEEWSW direction, and sometimes the joints devefdp rock
pits. The contact between the granite gneiss amddahntry rock are best developed at Manor villaghe northern
region, and Usambe Village behind Binda graniteidthe southern region. These contacts are gepestadlrp and
intrusive with narrow contact aureole. Evidenceuatiuts to show that they must have been a signifislaatering of
the country rocks sometimes in the evolutionaryomysof the granite gneiss and that the intrudirggma exhibited
plastic flow.

A total of 100 measurements of foliation of rockswarring in northeast Obudu area, including thenigeagneiss,
plotted on a rose diagram show that the domindiattimn trend of the rocks in the area is the NtoSIE - SW and
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subordinate NW-SE direction[26]. Indication is th#te granite gneiss are of northeast Obudu arengmacks
possibly affected or even produced by the Pan-Afrihermotectonic events about 600 + 150 Ma [1]32].

PETROGRAPHY

The petrographic characteristic of the rock is giue sufficient details elsewhere [26] [28] Howevarsummary is
presented here. The granite gneiss is typicallgderatic with gray to greenish tint and around Mamyvillage in

the northeastern region (Fig. 3); the leucocratiipns are light pink in colour. The luster of thack can best be
described as vitreous. The rock has a very weadilay or foliation that is most often hard to recizg as such. Its
primary textures are distinctly observable in bpttished and thin sections despite the fact thebtiiginal igneous
mineralogy of the rock has been invariable alteted some degree due to slight metamorphism and
hydrothermal/deuteric alterations. The overall dextof the rock as seen in most outcrops is bestribe as
predominantly hypidiomorphic granoblastic and thmméhant mineral components of the rock include tpjar
plagioclase, microcline and biotite.

The modal composition of the granite gneiss oflreatt Obudu is presented in Table 1. Mineralogisatmblages
co-existing in textural equilibrium are also listed Table 1. Indications is that the feldspar materaltogether
constitute more than half of the rock volume, folml by quartz and biotite, while chlorite and epéjdaken
together, constitute less than 3% of the rock m@dsble 1). The accessory mineral phase comprisilagite,
muscovite, sphene, zircon apatite and opaque orae up less than 1% of the rock volume. Apart flimimg the
most dominant, the feldspars also exhibit the ratyéting petrographical and mineralogical featuséthe rock and
are easily identifiable by their lath-shaped crigstand polysynthetic twinning. Both K-feldspars {23%) and
plagioclase feldspar (20-26%) occur in the rocke Rh- Feldspar occurs sporadically in the fieldaage whitish to
pinkish megacryst and rhomps of microcline that megasure up to 5 cm by 4 cm, giving the rock aadtaristic
porphyroblastic appearance. The megacrysts argbdigtd and aligned in a manner that suggeststhigat most
likely originated as flow structures, whereas themps are obviously weathered resistate. Plagiedelsispar
(Andesine) in the rock is subordinate to the K-$plar with an average modal composition of about ZPéble 1).
Considering all the samples studied, the plagieclesmposition varies between Anto Ang; (oligoclase to
andesine).

Quartz ranks next to the K-feldspar with an averagelal composition of 28.4%. Two generations ofrtmare
present in thin sections of the rock. The late amabt prominent quartz type commonly occurs as awlhext
irregularly shaped composite granoblastic crydtsds are elongated parallel to the N — S and NWE-diBections,
thereby contributing to the linear fabric of theckoBiotite is the dominant mafic mineral presemtthie granite
gneiss of northeast Obudu, and it constitutes 1288e rock. In the field, the biotite occurs aslate flakes or, as
oriented clots, possibly following the magmaticxfidirection which appears to be the same as tHemalfoliation
of the area. Chlorite, epidote and sericite arartfedisplayed as replacement or alteration praglirctall the thin
sections of the rock studied. The chlorite crystals commonly sandwiched between two biotite flakesile
sericite and epidote often occur as inclusionsiwithe feldspars as well as along the edges of sdrtiee feldspars.
Epidote may be accompanied by apatite or allaAibeessory minerals present within the rock areesauf apatite
and zircon, which are both commonly concentratediatite. Sphene with its characteristic spindleash also
occurs in the rock in concentrations that is clims&%. Also present in the rock, are minor amodrdisseminated
opaque oxides, rutile, monazite, allanite and sfikedmuscovite that have obviously formed alonlgi$par grain
boundaries or intergrown with quartz.

Following the classifications of igneous rocks adiong to the IUGS recommendations [31] [32] [33K]3
involving the plotting of modal compositions on ttheuble QAPF triangles for granitoids rocks, thanie gneiss is
dominantly monzo-granitisensu stricton composition (Fig. 13).

DISCUSSION

The magmatic origin of the precursor rocks to thenge gneiss of northeast Obudu area is cleathbéshed by
the following lines of evidence:

1.The intrusive nature of the rocks, which is amplpported by the sharp contact relationship disgldyge the
various granitoid bodies with the country rocks;

2.The presence of a more coarser crystallinity incibie than at marginal areas of each of the gridnitodies;

997
Pelagia Research Library



Bassey Edem Ephraim Adv. Appl. Sci. Res,, 2012, 3(2):994-1007

3.The incorporations of numerous xenolithic blockatthre often associated with slight displacement¥ax
rotations;

4.The developments of myrmekitic intergrowths at ghagioclase—alkali feldspar—quartz triple junctiomgich
also suggest the relevance of late magmatic/deuteystallization in the evolutionary history okthocks [27]
5.The occurrence of microcline microperthite and clatgpabsence of antiperthitic features in all thie sections
examined;

6.The parallel alignment of flaky and platy miner@ss manner that suggest control by magmatic flux.

The presence of xenoliths in a rock body does nbt imdicate the magmatic character of the pareanigc rocks,
but also give indication of the mode of emplacemaitthe rock [35]. Harker [36] long ago observidttmagma
could shoulder aside country-rocks or ‘roof’ in rimakspace for itself, and in so doing is seen taherged with
xenoliths of the displaced country-rocks. Xenolitite actually evidence that a rock body was empldmethe
process of stoping [37]. The modes of emplacemimagmatic rocks reviewed by Pitcher [38] [39] dttuers and
Blatt [40] include, shouldering aside and updomaigcountry rocks, a combination of cauldron subsaeand
cauldron upheaval and stoping. The granitic gnefssortheast Obudu area are charged with humerenslithic
lenses, rafts and blocks of the country rocks etftoee one of the mechanisms of emplacement of dnenp granitic
rocks may have been the process of stoping; madyJipiecemeal stoping.

Although geochemical data is not parts of the presesearch, it is not unreasonable to classify phe
metamorphic lithology of the granite gneiss of heest Obudu area as parts of the Older Granitezssofi Nigeria,
and such conclusion is based on the underlyingreasens:

1. The rocks exhibits most, if not all, of the fieldazacteristics of the Older Granites suites, iniclgdts magmatic
character and association with gabbroic bodies [26]

2. The rocks are coarse to very coarse textured gohpaitic in nature, which is typical of most memberf the

Older Granite Suites. The implication is that mersl the Older Granite Suites experienced slowicgmf their

magmatic melt, resulting in mineralogical featusesh as the occurrence of large whitish to pinkiggacryst and
rhomps of microcline;

3. The elongation of granitoid bodies in the N-S to-8® direction is a characteristic that is also asged with

the Older Granite suites [27].

4. Finally, the granite gneiss of northeast Obudwe tkher members of the Older Granite suites, wadymed by
the Pan-African thermotectonic events. The ros@reia plots about 100 measurements of foliationsocks

occurring in northeast Obudu area, including thenge gneiss, define N-S to NE-SW direction asdheinant

trend [26].

One paramount problem in the study of rocks of@fder Granite suites in Nigeria has been the imégpion of the
foliated nature of the rocks in relation to the letionary history of the rocks. Consequently, [442] [43] [20] etc
have advanced various views in this regard. And amuch more acceptable view is advanced, thatfoh in the
granite gneiss of northeast Obudu area are intexgpfer now as imprints of metamorphism, whichas yet clearly
understood.

It is a common fact that granitoids of the Oldera@te suites were emplaced into the metamorphierhast

complex of Nigeria during the (600 £ 150 Ma) Pamigdn events. Ajibade [20] advanced the view thatN - S

trending shear zones and other structures in teenbant possibly provided zones of weakness foaitent of
magmas, thereby causing the granitoids bodiesnfoom to the N - S to NE — SW structural trend lod tountry
rocks. In northeast Obudu area, this is supporyeithd occurrence of ferromagnesian phase(s) aatéstiakes or as
oriented clots that followed magmatic flux directjovhich is similar to the regional N —S to NE — Sdliation of

the area. The conformity of the Older Granite suité Nigeria with the N - S structural grain of tbeuntry can
been used as evidence of syntectonic emplacemértse agranitoids. However, strands of evidence thiab

indicates the relevance of post-tectonic emplacésngnthe evolution history of this rock unit(s) aamd, and
include:

1.The presence of minor faults with throws of abdit@ 65 cm within the granite gneisses;

2. The rotations and relative displacements of bladfksenolithic materials.

3. The network of intersecting or crosscutting quafgldspathic stringers or veins/veinlets of variauidths and
orientations that extensively dissected the gragntgsses.
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Further research, including geochemical, isotopit geothermo-barometric studies, will definitelyay more light
on the evolutionary history of the granite gneissiesortheast Obudu in southeastern Nigeria.

TABLE 1. Modal compositions of granite gneiss of tb northeast Obudu area, Southeastern Nigeria

GG17 | GG1¢ | GG1¢ | GG2( | GG21 | GG22 | GG2- | GG24 | GG?2F | GG2¢ | GG27 | GG2¢ | MFAN
Quart; 28 25 29 28 29 29 30 31 30 27 27 28 28¢
Plaaioclast 24 20 22 20 22 20 26 23 24 20 28 23 222
K-Feldsna 4Q 30 36 30 29 35 36 31 32 36 30 35 33°
Biofite 6 16 10 13 17 13 8 12 14 9 18 12 12 =
Chlorite 1 2 2 6 2 1 tr 2 tr 2 tr 2 17
|_Enidote 1 2 1 3 1 2 tr 1 fr 6 tr tr 0.4
Sericite tr tr tr tr tr tr tr tr tr tr tr tr tr
Staurolite” - 5 - - - - - - - - - - -
|_Allanite tr tr tr tr tr tr tr tr tr tr tr tr tr
Snhen tr tr tr tr tr 1 tr tr tr tr tr tr tr
Zircon fr tr tr tr tr tr tr tr fr tr fr tr tr
Apatite tr tr tr tr tr tr tr tr tr tr tr tr tr
Onaaut tr tr tr tr tr tr tr tr tr tr tr tr tr
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Fig 1. A generalized geotectonic map of Africa shang the location of Obudu, southeastern Nigeria
(Modified after Affaton et al., 1991).
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FIG. 3. Geological map of northeast Obudu, Bamendmassif, southeastern Nigeria
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Fig. 4. A typical outcrop of the granite gneiss ofiortheast Obudu, exposed as oval or dome-shaped hod

Fig. 5. Isolated nature of the granite gneiss of mtheast Obudu
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Fig. 6. The contact area, showing the host igma’kiirock being baked to become more gneissose in
appearance, while the granitic rock is chilled andnodified

Fig. 7. Exfoliation influence on the granite gneissf northeast Obudu. Note the joint-bounded concenic
shells of the rock
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Fig. 8. Pods — like xenolithic bodies occurring ithe granite gneiss of northeast Obudu.

Fig. 9. Xenolithic lenses in the granite gneiss abrtheast Obudu
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Fig. 11. Shattered ppearaﬁce of the gra{ﬁite gneis$ northeast Obudu, due to dissection by
guartzofeldspathic veins and joints at various posions
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Fig. 12. Quartzofeldspathic veins cross — cuttingenoliths in the granite gneiss of northeast Obudu
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Fig. 13. Classification of the granite gneiss of mtheast Obudu on the double QAPF triangles
(Le Maitre 1989, Streickeisen 1976, Shelley 1888idman 1985)
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CONCLUSION

Granitoids of the Older Granite suites were emplan# the metamorphic basement complex of Nigeuidng the
(600 + 150 Ma) Pan-African events. The granite gmedccurring in the area situated northeast of Obiad
southeastern Nigeria form parts of these Older iBsursuites. In outcrops of this granite gneisslaie flakes or
oriented clots of ferromagnesian phase(s) preggpeaa to follow magmatic flux direction which isrsiar to the
regional N =S to NE — SW foliation of the area. 3éa@oints to the fact that the granitoid rock bsdiee probably
structurally controlled by existing trends in thesbments.

Field and petrographic characteristics confirm thatgranitic parent rock most likely had magmatigin, and that
one of the mechanisms of emplacement of the pgranitic rocks may have been the process of pieaksteping.
Both syn-tectonic and post-tectonic emplacements peobably relevant in the evolutionary historytbé rock
unit(s).

It is hoped that further research work on the deangneiss, including geochemical, isotopic and
geothermobarometric studies, will throw more ligiit the evolutionary history and tectonic settingtloé rock
unit(s).
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