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ABSTRACT

Geochronological ages derived from zircon grains (U 0 Pb age dating) from Basement Complex rocks surrounding

the Bornu Basin, Nigeria and ditch cutting samples from six wells (Gaibu 0 1,Kasaded 1, Kinasar & 1, Kutchali 8 1,
Mbeji & 1, Ngor & 1) located in different parts of the basin were compared in this study for provenance evaluation.
Based on field work carried out, three main suites of crystalline rocks in and around the Bornu Basin sample dare:
migmatite dgneiss complex, Older Granites (Pan African granites), and Tertiary Basalts. The gross geochronological
data from the Basement Complex rocks show the predominance of Pan African age varying from about 500-600 Ma.
Few of the basement samples yielded higher ages, particularly those from Goza 2 and Kano oad, which are
characterized by U-Pb age ranging from more than 1500 to 2500 Ma. The UPb age of 13 ditch cutting samples taken
from different stratigraphic units of different ages in six selected wells in the basin yielded ages that are remarkably
similar except in two cases. Essentially, a mean age of about 600Ma was obtained for the samples. The
geochronological data of the sediments, in spite of being deposited at different times in the Cretaceous and Tertiary,
correlate neatly with those of the Basement Complex rocks surrounding the basin. This indicates that the bulk of the
sediments in the Bornu Basin were derived from its surrounding Basement Complex rocks.

KEYWORDS: Bornu basin, Basement Complex, provenance, Pan African U-Pb age.
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I. INTRODUCTION

In this study, U 8Pb methods (SHRIMP) was used
to determine the age of the Basement Rock Complex in
the area around the Bornu Basin, Nigeria and selected
cuttings of some wells within the basin. The primary
objective of the project is to compare the
geochronology ages of the basement with the
sediments within the Bornu Basin with a view to
inferring the provenance of these diments. U-Pbzircon
dating is a useful method for determining precise ages
of solidification of igneous rocks within a wide range
of geological time scale. This method has been
employed to date basement complex in Nigeria
particularly in the southwestern Nigeria and north
central Nigeria with results yielding Pan-African
emplacement ages of 610 + 7Ma and 618 + 4Ma an@
scattering between 600 and 1100Ma with distinct
peaks at 700, 850 and 1000Ma and a minorityof grains
yielding Palaeoproterozoic ages (17032200Ma),
respectively 112 Another study in the upper part of
southwestern Nigeria of a polyde formed granitic
gneiss yielded a concordant U-Pbzircon age of 2207 +
20 Ma (early Rhyacian age) indicating the
crystallization age of the granite protolith Bl With
these, the basement complex of Nigeria has been
described to be polycyclic in nature.

Although dating of detrital zircon has not been
reported in Nigeria it has been used world - wide “l.
[5].[6].[7].[8]

Geotectonic History of the Bornu Basin

The Chad Basin is an inland rift basin which is
part of the West and Central African Rift System
(WCARS). Different authors have discussed the
geotectonic history of the WCARS on the basis of
phases of basin development they could identify in
the area. According tol!4],the geological history of the
basement rocks of countries surrounding the Bornu
Basin, namely, Nigeria, Chad, Niger and Central
African Republic (C.A.R) could be subdivided into
six major tectonic phases comprising two pre-drift,
two Cretaceous rift, one Paleogene rift and one post
rift phases, itemized thus (Fig. 1):

Phasel | 7508550 M Pan African crustal consolidation
ase a (Pre-rift)
Paleozoicd Jurassic plat form
?

Phase2 |5505(?) 160M3 development (Pre-rift)
Phase3 | 1303896 Ma Early Cretaceous rift (Rift Phase |
Phase4 |96875 Ma Late Cretaceous rift(Rift Phase II)
Phase5 |74830 Ma Paleogene rift (Rift Phase Il
Phase 6 {3080 Ma Post drift (Post-Rift Phase)
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The Precambrian African cratons, as well as the
surrounding Pan-African Belts contain major
basement lineaments and numerous large fault
sthatlikely formed the precursor rift directions that
developed into basins within Africa [151.161117][18]. Two
families of conjugate faults occur, namely, NW 6SE
sinistral - fault trends in the Niger 8 Air region [91.12lfor
the West African Rift Sub system (WAS) in Niger and
Chad; NE&SW dextral fault trends of the BenuedBornu
rift basin Nigeria [201.[12][21],[18],

The Phanerozoic history of African continent was
characterized by frequent rejuvenation of this network
of fault s, which was resp
regional and local tectonic evolution, with different

behaviors in response to changes in the stress field
[221.[23].

During the Paleozoicd JurassicPlatform phase, the
area understudy was a stable platform plunging
towards the north (Fig. 1). During this period,
transgression from the north (i.e. Tethys) deposited
continental and shallow marine sediments on the
continental sag. These sediments now ocar as
remnants of pre-rift sediments, which are preserved in
the W.A.S. rifts of northern Niger. There was no
evidence of rifting in this region during this period.
However, some thermal effect of Late Paleozoic &
Early Mesozoic post-Tethyan tectonics related to the
Hercynian orogeny in the North Africa may have
reached the Termit basin. This was revealed by the
occurrence of basement rocks (hornfels, schist and
granites) penetrated in two wells (laguil and Dilia
Longrin). These rocks yielded K-Ar dates of 266 and
190Ma.

According to 114, the early rift stage (Phase I, 13®
96 Ma) was characterized by trans tensional faulting
when the boundaries between the blocks of major
fractures representing reactivated Pan African crustal
discontinuities were separated and the rift was fully
developed in Central Africa around 108Ma. The Phase
| of the rifting was indicated by about 5000m of
subsidence with deposition of Lower Cretaceous
continental sediments. The age of the rifting was
documented with spores, pollens and ostracods. This
phase of rifting was closed by a regional
unconformity.

Phase Il of rifting occurred in the Late Cretaceous
(96675Ma) with a short period of Late Albian &
Cenomanian rifting, fol lowed by along period of
thermo-tectonic subsidence. There was a regional
subsidence resulting in a marine transgression from
the Tethys through Mali and Algeria into Niger, and
from the South Atlantic through Nigeria (Benue
Trough) into western Chad and
Niger[2411251126](Fig.1B). This transgression is similar to
global inundation reported by [271 and reached its
farthest eastern extent at about 8508 80 Ma, when it
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went as far as theend of the Doba Basin. The inundation was followed by regression caused by epeirogenic uplift and
it occurred concomitantly with a sharp basin -modifying tectonic pulse, referred to as Santonian compression
(squeeze})?28l29].

The Santonian compression in the rifts is significant for the following reasons: (i) it created hydrocarbon trapping
folds in WAS and CAS [14l(ii) it separated the Doba, Doseo, Salamat and Bongor into four discrete basins and divided
the Niger rifts into five separate basins along the Agadez line [3°; (iii) rotated the Yola, Bongor and Doba Basins about
15° counter clockwise from their original strike [14]; (iv) folded the Benue, Yola and Bornu basins [311.32133]; and (v)
produced hydrocarbon bearing folds in the Muglad Basin in Sudan [34.1351. Over 6000 m of thermo-tectonic subsidence
was recorded in Phase Il Upper C zaceous marine sediments in WAS and CAS (Fig.1B).

The Paleogene was characterized by rifting in the northwest-southeast striking extensional WAS
basins.Thisriftphasewasterminatedbyaregionalunconformitywhichusheredinthepost -riftphase.

This period was characterized by the uplift of Adamawa area along the Cameroon line accompanied by the
Neogene & Holocene volcanism [36l, 14 reported that over 2500m of marine Upper Cretaceous and Paleogene
sediments were eroded from the western part of Doba and Bongor Basins to fill the rifts, including the Gongola and
Bornu Basins. During the same time, the Termit Basin was significantly faulted and Gosso Lorom volcanism
developed in the northwest along the Agadez Lineament. The present Chad Basin subsided by approximately 1500 m
[3711381.In the present day, these rifts are covered by aIIuvium and are difficult to identify from surface geology.

So far, the major lithostratigraphic units recognized in the basin are the Bima, Yolde/Gongila, Fika, Gombe,Kerri -
Kerri and Chad Formations (Fig. 1C). S
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Fig.1. The Bornu Basin in Geologic History. A. Assemblage of Pangea and polyphase break -up of Gondwana land
indicating the Phanerozoic history of the continents. B. The position of the Bornu Basin in relation to other basins
of the West and Central African Rift Systems. C. The stratigraphy of the Bornu Basin, Nigeria.

[I. DATA GATHERING AND METHODOLOGY

The area of study covered the hard rock areas of the northeastern portion of Nigeria (Fig.2A) and cuttings of
selected wells in the Bornu basin (Fig.2B). The hard rock areas included the basement complex (made up of the
migmatite - gneiss complex and Older Granites) and the Tertiary Basalts.

During the fieldwork, selected traverses were made to cut through the basement complex area and the
sedimentary portion of the Bornu Basin. In making the traverses, advantage was taken of the existing roads where the
basement complex rocks and sedimentary rock exposures were studied with little or no difficulty. These traverses
were (i) Michika 0 Madagali & Gozar- Pulka, (ii)Gombi & Biu & Damboa, and (ii) Damboa 0 Gozar. Field
measurements and description of lithologic sections were carried out using the standard field procedures for
basement complex rock sand sedimentary terrain.
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Fig.2. Sampling point A. Geological Map of Nigeria showing where basement rocks were sampled B. Map
showing the locations of hydrocarbon exploration wells “‘were samples were taken (inset: Nigeria, Chad and
Niger).

Laboratory Analysis

The materials processed for the analysis are ditch cutting samples from six wells carefully selected to ensure a
basin-wide coverage within the constraints of available well materials in the Cretaceous and Tertiary successions. A
total of sixteen basement complex rock samples were used for this study. In this study Sensitive High -Resolution lon
MicroProbe U-Pb zircon dating method was employed. The preparation techniques, analysis and interpretation are in
line with the method described by [39], =

Il RESULT

3.1.Field work Report

Three suites of crystalline rocks were recognized in the study are. They are (i) migmatite gneiss complex (Fig. 3),
(i) Older Granites (Pan African granites) (Fig. 4), and (iii) ;Tertiary Basalts (Fig. 5). Also, three types of Migmatite -
Gneiss Complex rocks were recognized in three different Jocations during the fieldwork; they are migmatitic gneiss,
mylonitised gneissic rock and granite gneiss. The migmatitic gneiss occurs as a lowlying outcrop which is typically
coarse-grained and has leucocratic (light) and melanocratic{(dark) components (Fig.3). It was sampled at Hong (10°13!
54.311 N; 12059 20.9'1 E). The granite gneiss was encountered at a road cut along Gombid Garkida road (100 13'08.61
N; 120 4411291 E). It is leucocratic, medium to coarse grained and composed of quartz, feldspars and biotite (Fig. 4).
The mylonitised gneissic rock was recognized at the southern part of Goza on the way to Madagali in the locality
having the following coordinates: 10 °58!53.111 N; 13¢ 40t 19.71 E). It occurs as a thinly foliated ridge trending
approximately N -S direction. Field measurement shows the strike to be 190 and the dip to be 88 (Fig.3). It is
leucocratic and exhibits a porphyroclastic texture. Three types of older granites recognized during the fieldwork are
porphyritic granite, coarse to fine grained granite and biotite granite (Fig.4). The porphyritic granite is composed of
abundant large feldspar phenocrysts set in a groundmass rich in biotite. The rock type was sampled in two local ities
during the gross geochronological data from the Basement Complex rocks show the predominance of Pan African age
varying from about 500 6600Ma (Fig.6). Few of the basement samples yielded higher ages, particularly those from
Goza 2 and Kano road, which are characterized by U-Pb age ranging from more than 1500 to 2500Ma (Fig.6). The Pan
African age is the age of the Pan African granites (Older Granites of Nigeria) and mineral constituent so folder rocks
(gneisses and migmatites) affected by the Pan African orogeny. The few higher ages (>1500to about 2500 Ma)
represent the age of the older members of the Basement Complex such as the gneisses and migmatites.

The U-Pb age of 13 ditch cutting samples taken from different stratigraphic units of different ages in eight
selected wells in the basin yielded ages (Fig. 7) that are remarkably similar except in two cases. Essentially, a mean
age of about 600 Ma was obtained for the samples, thus indicating the provenance of the sediments as basement rocks
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of Pan African age or older rocks that have been subjected to Pan African Orogeny as mentioned earlier. In other
words, these sediments were derived from the weathering products of the Pan African granites, gneisses, migmatites
and quartzites in the surrounding countr y of the Bornu Basin.

Fig. 3. Field photographs of different rock types. A and B are migmatite outcrops at Hong. Note the melanocratic
paleosome and leucocratic neosome. C and D are granite gneiss. E is a massive exposure of mylonitised gneissic
rock. F shows the attitude of the mylonitised gneissic rock.
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Fig.4. Field photographs of different types of older granitle:_'é. A is a close up view of porphyritic granite B is a
field exposure of porphyritic  granite with horizontal quartz veins. C and D are close - up and field photos of
porphyritic granites at Gwoza respectively. E is an exposi?re of coarse grained granite while F shows a contact
between a melanocratic dioritic rock and leucocratic grani tes on the field.

Fig.5.Field photographs of Tertiary basalts
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V. DISCUSSION AND CONCLUSION

Geochronological data on zircon grains from the Basement Complex rocks surrounding the Bornu Basin and
ditch cutting samples from selected wells in the basin have been presented (Figs 6 and7). UdPbage dating of the ditch
cutting samples from six wells (Gaibu 81, Kasad&l, Kinasard 1, Kutchali 6 1, Mbeji 8 1, Ngor d 1)located in different
parts of the basin revealed that the provenance of these sediments is essentially rocks of Pan African age although
older rocks of Mesoproterozoic to Paleoproterozoic ages must have contributed some sediments (Fig.6).

The Basement Complex of Nigeria consists of a complex assemblage of gneisses, migmatites, granites and
metasupracrustal rocks all of Proterozoic to Archean age. Although the basement complex rocks had suffered at least
three orogenic events, the effect of the last of them,the Pan African orogeny has been overprinted on all the basement
rocks including of course the product of that orogeny, i.e. the Pan African granites (Older Granites).

It is therefore not surprising that the UdPb dating of the basement rocks and ditch cutting samples yielded mostly
Pan African age. This strongly indicates that the Basement Complex rocks surrounding the Bornu Basin were the
source of the Cretaceous and Tertiary sediments deposited in the basin.These rocks must have weathered and the
weathering products eroded, transported and deposited in the basin under varying continental to marine conditions
at different times in the Cretaceous and Tertiary times.
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Fig. 6. Geochronological data for U —-Pb age dating for Basement Complex samples around Bornu Basin Nigeria.
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