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Geochemistry and Petrogenetic Evolution of
Rocks around Bishewa-Ologomo area, part of
Lafiagi Sheet 203, Northcentral Nigeria.

Jimoh Ajadi

Abstract — Geochemical analysis of rock samples from Bishewa-Ologomo area was carried out for oxides of major and trace elements including rare
earth using the XRF analytical method. The granitic rocks of the area are interpreted as being formed by partial melting due to its high LREE / HREE
ratios and the presence of slight negative Eu anomalies. The result shows that the granites of this area are primarily of igneous source, but with
possible sedimentary input during emplacement. The Rb versus Y+Nb, Nb versus Y and Rb versus SiO: discrimination plots suggest that the evolution
of the granitic rocks of the study area ranges from syn-collisional to volcanic arc origin. The high P20Os values varying between 0.2%-0.57% for
granodiorite, medium-grained biotite granite, quartz-mica schist and medium-coarse grained biotite-hornblende granite of the area are well above
apatite saturation level of 0.14% [12] which can be correlated with progressive enrichment of the lighter REE (La — Sm) in the fractionating magma. All
the metasediments of the area plot within the sedimentary field. The TiO2-K20-P20s molecular discrimination diagram shows the mafic rocks of the

study area are of the tholeiitic oceanic basalt origin.
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1 INTRODUCTION

Field observations and geochemical studies on the rocks of
the Bishewa-Ologomo areas were carried out to determine
the geochemistry and petrogenesis of the subsurface geology.
The data obtained was interpreted with a view to
understanding the petrogenetic evolution and reconstruct the
geological history of the study area. The area lies within the
crystalline Precambrian Basement Complex of Nigeria with
rocks bearing the imprints of the N-S structural trends that
are frequently associated with the Nigeria Basement
Complex rocks. The migmatite gneiss complex is the oldest
basement rock and it is believed to be of Archaean age [4].
Some authors have described the basement complex rocks of
Nigeria as a heterogeneous rock assemblage, which include
migmatites,  paragneisses,  orthogneisses, quartzites,
paraschists and a series of basic to ultrabasic metamorphosed
rocks [11]. Field evidence shows that the study area has
suffered from polyphase tectonic deformations with
associated igneous activities. Rocks outcropping in Bishewa-
Ologomo area form part of the northern limit of the
migmatite-gneiss complex in the Southwestern sector of the
Nigerian Basement unconformably overlain by the sediments
of the Bida basin in the northeastern part of the study area.
The study area, which covers part of Lafiagi and Ifelodun
local government areas in Kwara state, is located in the
northwestern sector of the Lafiagi Southwest (sheet 203 -
1:50,000) and bounded by latitudes 8°39' N to 8°46' N, and
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longitudes 5°03'E to 5°11'E (Fig. 1).

2 GEOLOGY OF BISHEWA-OLOGOMO AREA
Four major lithological groups were mapped in the study
area. These include the biotite gneiss and migmatitic gneiss
as the early metamorphic tectonites. A U/Pb age was
obtained on a zircon fraction extracted from an orthogneiss
in Kaduna to be Early Archaean (>3.05Ga), while the age of
emplacement and crystallization of the original granodiorite
prior to its deformation was put at >3.65Ga [2]. Other authors
who worked on Nigerian migmatites also obtained similar
Archaean ages [5][6]. The biotite schist, quartz-mica schist,
guartzite and amphibolite, which is being partly altered to
talc-tremolite schist, constitute the metasedimentary rocks.
The felsic rocks are composed of the porphyritic granite,
granodiorite, medium-grained granite, medium-coarse
grained biotite granite, leucogranite, pegmatite, aplite and
quartz veins, while the hornblende-quartz diorite,
porphyritic diorite and lamprophyre form the un-
metamorphosed mafic rocks.

The two major varieties of schist comprising quartz-
muscovite schist and quartz-biotite schist which are believed
to have resulted from the considerably varied alteration and
replacement products of the constituent minerals particularly
biotite and feldspar constitute the most widespread rocks
forming extensive background to other rocks in the area.
Differential erosion features which resulted from the removal
of easily weathered schist leave the associated intrusives as
small resistant ridges that characterize the schist belt. The
discontinuous bands of amphibolite weathers down and
sometimes locally grades into pockets of tremolite-talc schist
with characteristic soapy feel.
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A band of N-S trending foliated quartzite was mapped some
2km southwest of Ologomo in the south central part of the
study area. The quartzite mostly occurs in rubbles and
cobbles of angular quartzite blocks and boulders.
Amphibolite occurs as thin concordant bands and lenses
trending NNW-SSE and dipping moderately easterly. The
rock is medium- to coarse-grained with occasional
porphyroblasts of hornblende. Rocks of the gneiss-
migmatite-schist complex are predominant around the study
area and are intruded by syn- to post-tectonic granitic and
pegmatitic rocks of probable Pan African age.

5"E

1334

Minor intrusives include lamprophyre, diorite, pegmatite,
aplite and vein quartz and are observed as veins, bosses and
dykes of limited aerial extent. A thick pile of sedimentary
rocks, which forms an integral part of the southern flank of
the Bida basin, underlies a portion of the northeastern part of
the study area. The sedimentary/basement contact is
observable in the northern outskirt of Bishewa where it is
marked by basal intraformational conglomerates (Fig. 2).
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Fig. 1: Generalized geological map of Nigeria showing the study area (modified from [9]).
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Fig. 2: Geological map of Bishewa-Ologomo area showing liuthological distribution (modified after [1])
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3 FIELD OBSERVATIONS AND STRUCTURAL
ANALYSIS

About three (3) main deformational episodes have been
recorded in the study area. The first episode of structural
deformation (D) in the area probably produced the primary
metamorphic fabrics represented by the lithological and
mineralogical banding (So,S:1), which changed the physico-
chemical structure of the sedimentary precursor. This is
largely observable only in areas of tectonic shadows.

The second major tectonic deformation (D;) affected the S,,S:
surfaces and folded it into tight isoclinal folds (F:1) thereby
producing the S; surfaces, which are axial planar to F;. This is
particularly evident on few outcrops of the biotite and
migmatitic gneisses where a superimposition of a later axial
planar cleavage (S;) on an earlier planar fabric (So,S:) was
observed (Fig. 3). Generally, S; trends NW-SE dipping
northeasterly while the S, foliation plane, which is the
pervasive planar fabric in the study area trends mostly NE-
SW dipping either southeasterly or northwesterly.

The third and possibly the last major episode of tectonic
deformations (D3) are observable in some localities where the
D; deformation refolded the S, surfaces resulting in the
formation of major folds (F,) (Fig. 4), which are sometimes
recumbent (Fig. 5) and plunging, upright, open or close. D3 is
also perhaps responsible for the formation of the inferred
regional fold and several fractures including joints, shears
and faults mapped in the study area.

4 LABORATORY PROCEDURE

Sixteen (16) representative samples of the lithologies mapped
in the study area were analyzed using the XRF method for
oxides of major and trace elements, including rare earth
elements at the Activation Laboratory in Canada. These
samples were prepared for chemical analysis by crushing
and reducing it to 1mm size using a Geocrusher and
pulverizer. 200g of samples were ground to —200 mesh using
a disc mill. Sample contamination was prevented by carrying
out air cleaning at each stage. Hot digestion of 0.5g of the
sample in a mixture of HNO3, HCIO; and HF was carried out
before the XRF analysis to determine the chemical
composition of the 16 selected samples.

5 RESULTS AND INTERPRETATION

The chemical compositions in terms of major, trace and rare
earth elements data for the 16 whole rock samples are
presented in Tables 1, 2 and 3. The result shows that the
porphyritic granite, pegmatite and medium-coarse grained
biotite-hornblende granite are silica saturated with values
ranging between 71.98% - 73.36%. Metasediments such as
the biotite-hornblende schist and biotite gneiss are also silica
saturated varying from 74.06% — 75.51. Al,Os is consistently
high in all the whole rock sampled, ranging between 10.22%
and 21.31%, indicating that all samples are corundum
normative.

Rocks such as granodiorite, lamprophyre, quartz diorite,
medium-grained granite, amphibolite and tremolite/talc
schist show greater enrichments in cafemic oxides (CaO,
Fe,O3;, MgO), which varies from 4.38% — 20.26%, 6.54% —
10.54% and 2.25% — 22.08% respectively. The variation in the
cafemic oxides composition is due to differences in the high
percentage content of amphibolite, biotite and sphene in
these rocks.

The general classification plot [3] for the volcanic and
plutonic rocks of the study area (Fig. 6) shows that the felsic
rocks including pegmatite, porphyritic granite and
granodiorite are rhyolitic, the mafic rocks comprising
medium grained granite and quartz diorite are trachy-
andesite while amphibolite and porphyritic diorite are
basaltic in composition. The classification plot of
FeOiwwa/MgOiar  Versus SiO, [8] also shows that the
amphibolite is tholeiitic in composition (Fig. 7).

The discrimination plots [10] (Figs. 8, 9 and 10) indicates that
the porphyritic granite and pegmatites of the study area are
syn-collisional in origin while the quartz diorite, porphyritic
diorite, granodiorite and medium-grained granite are of
volcanic arc origin. The discrininattion plot of Na,O/Al,O;
versus K,O/Al,O; [7] for the igneous and metasedimentary
rocks of Bishewa-Ologomo area (Fig. 11) revealed that the
lamprophyre, pegmatite, porphyritic granite are of igneous
origin. Other rocks of the study area including the muscovite
schist, biotite schist, amphibolite, quartzite, biotite gneiss as
well as the porphyritic diorite, quartz diorite, granodiorite
and medium grained granite fall within the sedimentary
field.

Rocks of the Bishewa-Ologomo area show a slightly increase
in LREE (La-Sm)/HREE (Eu-Lu) ratios and a low negative Eu
anomalies on the chondrite-normalized REE plot, which
suggests a possible sedimentary origin for the Older Granite
suites of the study area with possible igneous contribution.
This is consistent with the plot of the ratios of Na,O/Al,O3;
versus K,O/Al,O; for the discrimination of igneous and
sedimentary/metasedimentary rocks [7], which shows the
rocks of the study area plotting well within sedimentary
field.

These, therefore, indicates a REE fractionation pattern
derived primarily from a sedimentary source with significant
contamination from residual hornblende, clinopyroxene and
garnet in a host source rock of igneous origin. Rocks of
tonalitic to granodioritic composition with negative Eu
anomalies and high LREE/HREE ratios have been
interpreted by some authors [13] as primary melt derived by
partial melting of a mafic gneiss or amphibolite containing
some combination of hornblende, garnet, clinopyroxene and
plagioclase. This can be interpreted as being suggestive of the
presence of hornblende and/or apatite left in the residue
after partial melting of a mafic source rock.
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Fig. 3: Outcrop of biotite gneiss showing the axial planar cleavage foliation plane (S;) superimposed
on relict lithologic foliation plane (S1,S,) formed from pelitic bands of sedimentary origin.

Fig. 4: Polyphase folding systems in migmatitic gneiss with at least two episodes of folding which
Produced the tight isoclinal fold (F1) and an upright fold (F.) with crenulations on the closure of the F, fold.

Fig. 5: A recumbent fold in a pegmatized quartz-biotite schist.

IJSER © 2017
http://www_ijser.org



International Journal of Scientific and Engineering Research VVolume 8, Issue 4, April 2017.

(ISSN 2229-5518).

(Na20+K20)

Fig.

5iD2

16.0
@ Pegm
i Phonolite ¢ PorGranite
L PDiorite
120 Phonolitic A Trachyte L
Nephelinite tephrite 7 v QDiorite
100 - Benmoreite
_ 2 Riyoite gy ® A MedGranite
8.0 - Nephelinite i g Trachy- &h GraDiorite
60 - Dacite @ Amph
40 - Andesite
20
o ¢
0.0 -
1 1 1 1 1 1 1 1 1
35 40 45 50 55 60 65 70 75
5i02
6: TAS Alkalis-Silica plots [3] for volcanic and plutonic rocks of Bishewa-Ologomo area.
64 -
B2 - Cale-Alkaline
r & ODiorite
B0 - r'y .
¥ MedGranite
#r @ Amph
36 - % BioGn
54
v
52
0 Thalsiitic
43
I I I I I I I I I I I
0 5 1 15 2 25 3 35 4 45 5

Fig. 7: The FeOrwwai/MgOiia Versus SiO, general classification plot [8].
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Table 1: Chemical Analysis of the Major Element Oxides of some samples (%)
Element §i0: ALO:  Fe:0; Mz0 CaD Na® K0 Ti0: P00, MaD Cn0O;  S¢c  LOlL TOLC  TOLS SUM
Samples B % U % % % % T ) % % rm % T ) &
VQuartz 0862 0.19 078 001 <01 001 004 <01 003 <01 <001 <1 01 0.02 <01 9278
SmoQuartz 9813 013 060 001 002 004 004 <01 003 <01 <001 <1 07 002 <01 9978
Pegm 7336 1512 119 015 058 414 44 004 02 005 <001 2 05 003 <01 9973
PorGranitel 7108 1420 223 04 148 38 446 020 01 006 <001 3 03 005 =01 9939
PorGranite?  71.16 1453 226 039 134 3983 452 025 01 006 =001 4 0.7 0.06 <01 9344
PDiarite 1884 1525 1008 883 1416 066 D011 061 005 017 004 47 1 0.06 001 9982
QDiorite 332 2131 7350 223 68 324 261 081 057 006 <001 6 03 004 015 9923
MedGranite 500 1388 634 502 438 207 375 066 023 009 0091 13 11 013 02 9953
GraDiorite 6866 1474 322 133 214 171 405 062 02 009 0003 10 11 0.02 <01 9989
QMuSc 7406 1267 333 074 227 257 338 045 015 005 0002 0 2 0.02 001 00382
QbioSc 4435 1022 1054 2208 617 042 006 014 002 017 0568 26 48 0.03 <01 9382
Amphl 1504 1797 844 383 2026 032 D036 193 012 015 0006 18 08 0.08 009 9933
Amph2 523 1506 048 614 747 261 388 104 046 013 0027 30 09 003 026 9953
Lamprop 7551 1262 277 089 165 338 18 037 011 004 0002 3 07 002 (EEE]
Qaite 277 1hdd 074 008 028 316 661 001 014 001 <001 1 07 001 <01__ 994l
BioGn 943 327 068 005 <01 007 088 016 002 001 0002 1 03 002 001 9974
Table 2: Chemical Analysis of the Rare Earth Elements of some selected samples (ppm)
Element La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Th Lu
SAMPLES ppm ppm ppm ppm ppm ppm ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
VQuartz 06 13 014 07 01 =05 000 <01 =05 =05 <03 =05 <03 <01
SmoQuartz =3 <=3 <02 <=4 <1 =05 =03 =01 =05 =03 =05 =03 <05 =01
Pegm 36 78 086 29 1 01 113 023 134 015 048 <03 049 004
PorGranitel 42 782 821 254 42 081 344 068 335 064 213 03 174 029
PorGranite? 438 805 861 269 48 077 334 061 307 0359 179 0268 135 024
PDiorite 18 43 075 38 13 049 174 034 207 039 138 019 12 018
QDiorite 847 1701 198 70 98 249 625 088 378 034 139 015 111 014
MedGranite 323 939 1023 345 47 123 39 062 303 033 145 02 124 02
GraDiorite 334 1136 1433 337 10 146 836 143 739 126 379 048 300 046
QMuSc 237 392 668 248 535 077 58 13 78 136 48 067 439 07
QbioSc 36 53 0.88 3 07 013 079 013 127 023 104 01 099 013
Amphl 182 387 444 165 3 1.57 209 035 18 033 111 018 117 02
Amph2 354 743 896 36 66 183 3507 101 320 004 285 037 237 030
Lamprop 753 315 571 205 30 072 427 08 533 104 323 04 246 034
Qzite 11 17 015 04 02 006 023 004 042 <05 023 <05 028 001
BioGn 46 7.8 082 29 03 02 035 008 08 018 074 007 077 0Ol
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Table 3: Chemical Analysis of the Trace Elements of some samples

Element Ba Be Co Cs Ga Hf Nb Eb Sn Sr Ta Th U W W
Sample ppm  ppm ppm ppm ppm ppm ppm ppm  ppm  ppm  ppm ppm ppm  ppm  ppm
VQuartz 6.6 <1 09 01 <5 =5 <5 18 1 22 <1 01 =<1 <5 0.4
SmoQuartz 0.7 2 11 01 <5 <5 <5 2 1 1.1 04 <1 =1 <5 0.1
_Pegm 78 7 06 126 187 13 98 2675 17 227 12 14 29 <5 1
PorCranitel 4908 13 36 216 236 46 369 2039 5 2361 35 221 117 19 0.8
PorGranite2 4765 13 29 208 238 48 305 29 5 2424 27 226 82 17 0.7
PDiorite 939 <1 403 02 13 08 14 19 2 887 02 =1 =<1 244 105
QDiorite 29915 2 137 84 225 34 68 104 1 21046 04 114 14 95 0.5
MedGranite 13284 2 286 39 19 57 74 1359 2 4553 04 95 1 97 0.5
GraDiorite 7049 <1 103 21 164 56 133 1407 3 123 09 137 1 53 24
QMuSc 417 1 56 166 134 49 139 1758 4 83.1 12 17 08 49 1
QbioSc 99 1 94 01 68 =<5 06 07 <1 78 01 07 01 107 01
Amphl 1116 2 258 3 28 151 211 13.7 3 8981 0.9 31 0.6 181 22
Amph2 17594 2 344 1 173 46 11 1031 3 3973 05 45 1 199 264
Lamprop 5992 18 51 614 127 47 47 4954 5 726 02 05 08 37 24
Qzite 35 4 06 101 124 08 72 4059 6 322 13 02 3 <5 0.9
BioGn 1588 <1 07 06 26 83 21 278 1 16.1 0.2 08 04 8 1.5
Table 3 continued. Chemical Analysis of the Trace Elements of some samples
Element Zr Y Mo Cu Pb Zn N1 As Cd Sh Bi Ag  Au  Hg Tl Se
Sample ppm  ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppb ppm ppm ppm
WVQuartz 15 03 11 94 02 1237 51 17 02 02 <1 <1 13 =01 <1 <5
SmoQuartz 17 <1 14 134 01 2464 73 2 05 02 <1 <1 13 <01 01 <5
Pegm 281 74 05 54 18 1341 22 0% 04 01 01 <1 <5 <01 <1 <5
PorGranitel 1363 209 04 101 38 2657 47 13 38 01 01 <1 18 <01 05 <5
PorGranite2 1644 20 05 97 39 2725 48 12 36 01 01 <1 08 <01 05 <5
PDiorite 234 122 08 505 26 561 101 2 01 01 <1 <1 17 <01 01 <5
QDiorite 1422 166 08 165 22 435 46 13 01 01 01 <1 <5 <01 05 <5
MedGranite 2036 156 05 224 35 2161 1217 11 03 01 <1 <1 22 <01 06 <5
GraDiorite 2022 394 04 94 22 310 135 08 01 02 <1 <1 <5 <01 04 <535
QMuSc 1575 474 04 45 05 1179 52 13 03 01 01 <1 <5 <01 06 <5
QbioSc 137 87 02 5 03 643 2368 05 62 01 <1 <1 0§ <01 <1 <5
Amphl 5975 104 03 252 35 3003 133 15 08 01 <1 <1 <5 <01 <1 <5
Amph2 174 278 07 1113 52 656 29 13 01 <1 01 01 21 <01 03 05
Lamprop 1564 299 04 39 05 531 74 08 02 01 <1 <1 09 <01 26 <5
Qzite 20 304 73 27 2391 22 11 06 01 01 <1 <5 <01 <1 <5
BioGn 3103 64 08 84 03 1070 35 13 02 01 <1 <1 08 <01 <1 <5
6 DISCUSSION pegmatite, aplite and vein quartz at the waning stage of the

Information derived from field observations, thin section
studies and geochemical analysis reveal that the geological
history of the study area involves the biotite-hornblende
gneiss and the migmatitic gneiss as the earliest metamorphic
tectonites in this area. The migmatite gneiss complex is the
oldest basement rock and it is believed to be of Archaean age
[4]. A period of hiatus followed, which corresponds to a time
of orogenic activities, metamorphism and reactivation of pre-
existing rocks. The migmatitic gneiss forms the crystalline
basement on which the deposition of arenites in N-S trending
basins took place in the Birrimian. Another period of non-
deposition followed during the Eburnean orogeny, which
metamorphosed and deformed the schist belts along with the
enclosing basement. The arenites were variously
metamorphosed to form the different rocks of the schist belt.
The emplacement of the Older Granite suites followed in the
Pan-Africa.

The granite emplacement took place in the Pan-African time
(600 to 700 Ma). This was accompanied by the emplacement
of the late-stage intrusions such as quartz-hornblende diorite,

Pan-African event. In the Mid-Cambrian, another period of
hiatus took place accompanied by epeirogenic uplift,
fracturing and high-level magmatic activities. The period of
hiatus was interrupted by the deposition of a thick pile of
sedimentary rocks, which forms the Cretaceous Bida basin.
Erosion and uplift followed and was capped by the
deposition of clastic sediments of post Cretaceous to Recent
alluvial sand deposits. This continues, though slowly,
shaping and changing the topography of the study area.

7 CONCLUSION

Field and petrographic data have shown that the Basement
Complex rocks underlie the study area, which has been
affected by series of polycyclic deformations that affected the
southwestern sector of the Nigerian Basement Complex. The
granitic rocks of the study area, based on geochemical data,
can be interpreted to have been formed from a sedimentary
precursor by partial melting with possible igneous input
during emplacement, which is evident in its low
LREE/HREE ratios and minimal Eu anomalies. The Rb
versus Y+Nb, Rb versus Yb+Ta and Ta Versus Yb
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discrimination plots suggest that the evolution of the granitic
rocks of the study area ranges from syn-collisional to
volcanic arc origin.

The weak Eu negative anomalies on the chondrite-
normalized REE plots for the granites may be suggestive of
the presence of hornblende and/or apatite left in the residue
after partial melting of a mafic sedimentary source rock. The
high P,Os values varying between 0.2%-0.57% for
granodiorite, medium-grained biotite granite, quartz-mica
schist and medium-coarse grained biotite-hornblende granite
of the area are well above apatite saturation level of 0.14%.
This correlates with the weakly enriched lighter REE (La -
Sm) in the fractionating magma. The molecular
discrimination diagram shows the mafic rocks of the study
area are of the tholeiitic basalt origin.
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