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Abstract o . : .
The Bida Basin is a NW-SE trending intracratonic structure extending from slightly

south of Kontagora in Niger State in the north fo the area slightly beyond Lokoja
(Kogi State) in the south. All geological maps available on the Bida Basin had lumped
the sediments in the basin as one undifferentiated Nupe Sandstone, making it
impossible to infer the prospectivity of the basin for hydrocarbon exploration. The
delineation of inferred boundaries between the formations in the basin is a significant
initial criterion in evaluating the hydrocarbon prospectivity. The formations
deposited in the Bida Basin comprise the Bida Sandstone at the base, followed
successively upward by the Sakpe, Enagi and Batati Formations in the
Northern/Central Bida Basin while the Lokoja, Patti and Agbaja Formations
constitute lateral equivalents in the Southern Bida Basin. An institutional research
project of the Ibrahim Badamasi Babangida University Lapai (IBBUL), supported by
the Niger State Government, has carried out preliminary geological mapping and
comple{ed a prospectivity map for the Bida Basin. Geochemical analysis of samples
Sfrom drz{lea{ shallow wells (at Agaie and Kudu) and outcrops was also undertaken
along s_wth interpretation of geophysical aeromagnetic data. From the preliminary
ge;lzfzcal /map prepared, prospective areas, ranked as Less Prospective, Prospective
::me 0058‘ ‘Z:‘ogzzt‘t:ebare discernable. Qeochemical data show that mainly gas ﬂffd

een generated within the Prospective and More Prospective

Z_"’fa‘:goi";olrnml:;obash; ATZ:ekdtg’c: also show that the Kudu Shale Member within the
nand Ahoko Shale Member withi - : itute the
source rocks for hydrocarbon ithin the Patti Formation consti

generation in the Northern and Southern Bida Basin

respectively. Geophvsi "
than 2.00 ({m o Pz y[?;jl aeromagnetic data evaluation indicates depths of more

eologi w"h,i" the identified prospective areas. The combin
ﬁms,;fzfvlizym;fa,ae".""“g"e"c maps provide thep basis for detailed further
Wernasiansy inve;:taaor.z by the University (IBBUL), NNPC, DPR and local and

geological map ; ;,ors 2 b search for oil and gas in the Bida Basin. The prep®”
pist, eﬁrstcompletegeological map to be produced on the Bida Basin.
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1.0. ‘eum (oil and gas) accounts for up to 95% of Nigeria's foreign earning and has
petroi€

ned the major supporter of its economy since it was first discovered in

.rcial volume in 1956. Globally, petroleum as energy source will continue to
“’m'.m( » other primary energy sources and is expected to account for up to 60% of the
dom"(;‘i';c rey demand by the year 2030. Therefore the more oil and gas Nigeria has as
\vo:) \«ctl'ﬂb"; reserves, the better it will be for her national economy and development.
r}:;wcvcr, petroleum unfortunately is an c?xl?austiblf: resource and dwindles on
reserve with time. Therefore as a country, it is imperative on Nigeria to continue the
search for more oil and gas to add to her reserves, if and only if] the country is to
" maintain the lead as a major oil producer and meet up with her vision 20:2020.!

remai

Inaddition to the Niger Delta Basin from which all of the country's current production
of petroleum is derived, Nigeria is blessed with numerous other sedimentary basins
comprising the Anambra, Bida, Sokoto, Bornu (Chad), and Dahomey Basins, as well
as, the Benue Trough made up of the Lower, Middle and Upper Benue Troughs. These
basins have structural and stratigraphical similarities with contiguous intracratonic

nfted basins of Niger Republic, Chad Republic and Sudan where commercial oil
accumulations have been discovered.

The Bida Basin, also known as the Mid-Niger or Nupe Basin, is located in north-
central Nigeria while the Sokoto Basin, sometime referred to as the SE Iullemmeden
Basin is located in north-western Nigeria (Fig. 1). The two basins constitute two
paleographically related sets (Fig. 2) of Nigeria's inland basins (mentioned above).
s¢ basins constitute another set of a series of Cretaceous and later rift basins in
Cfnlml and West Africa whose origin is related to the opening of the South Atlantic
(Fig. 3), Commercial hydrocarbon accumulations have recently been discovered in
C_had, Niger and Sudan within this rift trend. In SW Chad, development of the Doba
c(')s:m'cr){ (With estimated reserves of about 1 billion barrels) resulted in the
ﬁcki“’“_ﬂlon (?f a 1070 km long pipeline to the Atlantic coast. In the: Sudan, “glant”
My Tgm]“‘_’mg Unity 1 and 2, Kaikang and Heglig) have been dlscov'crcd in the
y foa Basin (1). The present study has been carried to shed more light on ?he
the arbon pProspectivity of the Bida Basin which shall form the basis for evaluating

h A 2 <
basir:se“’es and identifying prospects of commercial values and drillable sites in the

the wori e 20 1S Nigeria's strategic plan to ensure that by the year 2020, the country will be one
and cga}’,}is",f? argest economicsﬁ ab‘;e to consolidate its [eadership role in the continent of Africa
liselfas a significant player in the global economic and political arena.
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Fig. 1. Generalized geological map of Nigeria showing the location of the Bida and Sokoto Basins
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Fig. 3. Regional section map of western and central African rifted basins showing the relationship of the Maglad,
Doha and East Niger Basins to the Benue Trought/Gongola Basin. Locations of regional shear zones (marked
with half arrow) and major zones extension (complete arrow) are shown. (Adapted from schull, 1988).

@@ Major oil and/or gas discovery

2.0.Literature Review and Knowledge Gap

Literature on the Bida and Sokoto Basins is very scanty unlike on the other inland
basins which are widely documented. The stratigraphy and sedimentation of Upper
Cretaceous succession of the Bida Basin were documented by Adeleye and
Dessauvagie? in the central parts of the basin around Bida. The study defined and
established the mappable litho-stratigraphic units that are currently being used for the
Bida Basin. Interpretations of Landsat imageries and borehole logs, as we}l as
geophysical data by Ojo® suggested that the basin is bounded by a syst.em of lmgar
faults trending NW-SE while the gravity studies of Ojo and Ajakaiye*pointto aseries
of central positive anomalies flanked by negative anomalies, similar to the adjacent

Benue Trough and typical of rift structures.

of the Mid-Niger Emabyment near

Adeleye D3
ele : :
. o¢¥e, D. R. and Dessauvagie, T. F. J. 1972. Stratigraphy ), Proceedings of the Conference

grln?fr’iqclag: ga, ]l": Dessauvagie, T. J. F. and W;lbitzman, AI éll (F86
0j cology, Ib iversity Press, Ibadan, -186. e .
alals 1984%“3&};‘;?:5?;3 E;v?sited: mag};%tic constraints on gravity mt;;prse;atxons.
4\0stract, 20® Conference of the Nigeria Mining and Geosciences Society, Nsukka, sfe m;nts. s
M,-J: 3. B. and Ajakaiye, D. E. 1989. Preliminary interpretation of grgwty;r;;t_i:_ by
Publ--Nlger Basin area, Nigeria. In: Kogbe, C.A. (Ed.), Geology of Nigeria, 2" edition,

ishers, Lagos, Pp347-358
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University-based research works on a€ro- and g.round-x.néslgnetlc and gravimetrj,
: vailable on parts of the Bida Basin3. These works general|
gcophyswal surveys area. i s 4 Aiakaivel thatoutli .y
corroborate the interpretations of Ojo an Jo and Ajaxalyc: utlined tl'.le basip
as being bounded by a system of linear faults. In addition to the prellminar},
stratigraphic investigations carried out by Adeleye aqd Dessauvagie8, furthe,
stratigraphic analyses were undertaken py Ad.eleye9 m.whlch tbe type localities ang
type sections for the geologic formations in the Bida Basin were located ang
described. Braide!” attempted some sedimentological interpretations of sections iy
parts of the Southern Bida Basin. In that study, fluvial depositional models were
ascribed to the Lokoja Formation and parts of the Patti Formation indicating some
relatively good quality reservoir rocks in portions of these formations. Obaje et a] !
and Akande et al.'? presented some source rock geochemical results on a few samples
from the Patti Formation in the Southern Bida Basin. Both studies indicated that based
on the few samples analyzed, sedimentary organic matter in the basin were in the
S:;lgest:ag: f)?lf;rl:)rgl:f]emtlon and postulated also that the organic matter are more gas-

*Udensi, E. E. and Os
» &. B azuwa, [. B. 2004. S T
the Nupe Basin. Nioeria Nioe.: - opectral determinat gneti un
B 10, Nigeria. Nigerian Association of Petroleuml%r;gfocizgi?rfi;?sr?;A;g; IrBOuclll(:tin ?;r

| Bida Sand igeri
paleogeograph : »Adeleye, D, i . >andstones (Cretaceous), Nigeria
: 8raphy. AAPG Bulletin 59, 2302-231}3 l'i\—ldsél?)zgegarl‘lld?gt e
2 » . R. 1989. The Geology of the Mid-

Lagos, pp283-2g7 2% C- A. (Ed.), Geol e
Braide, 5. p. 1905 %8y of Nigeria, 2™ ed. Elizabethan Publishing Co-

b :
sed S ing and Geology 28, 33-44:
» 35-64.; Braide, . l;r;]ematlon In the central Bida Ba%%,n. Journal of

: sin. J " :
Obaje, N. G.. Wep.. umal of Mini 92¢. Alluvial fan depositional model in the

Mo Weh ngand
Prospectivity of N ge:g'; }i:;l’a,s]cheeqel‘,g G %icg:g 28,65-73

et :
BAf;gﬁy' AAPG Bullctin g 3(21 basins: from fhe Vies M. B. and Jauro, A. 2004. Hydrocarbo"
Petrolog)e" aﬁ(? R .012 0.1, ’rdtr?l;i?'g WPoint of organic geochemistry and organi®
Formation, sou o EVal studies o, - O- and Hetenyi :
»Southem Bidy g, in lrss- on source ocke?a%'.’ M. 2005, Paleoenvironments, 0rgan"®
’ a. Journa) ofAﬁ-icallf\sE::thtge-LoWer Maastn'cémaﬂ Patt

ciences 41, 394-406.
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Kogbe'? and Petters'# carried out some biostratigraphical investigations in parts of
the Sokoto Basin. Fossil occurrences in the different formations were collected and
~ analyzed in that study, which allowed the interpretation of the depositional
environments and construction of Maastrichtian paleogeographical maps for the
Sokoto Basin.

All the previous works in the Bida and Sokoto Basins are preliminary in nature.
Nowhere were their implications on the hydrocarbon prospectivity of the basins
evaluated. This is because the data were scanty and did not include detailed
geological map interpretations nor organic geochemical, high-resolution
biostratigraphical, petrographical and petrophysical inputs. The
interpretations of Obaje et al.!S and Akande et al.!6 were based on only a limited
(indeed very few) samples. The work of Kogbe!7 and that of Petters!8 did not
cover many parts of the Sokoto Basin and no correlations panels were
established. No organic geochemical results of any type on any parts or
successions in the Sokoto Basin had ever been presented such that the
hydrocarbon prospectivity of the basin had never been assessed in any detail.

3.0.The Bida Basin

While the overall focus of the study is on the Bida and Sokoto Basins, the present
preliminary / pilot study focuses only on the Bida Basin. The Bida Basin isa NW-SE
trending intracratonic structure extending from Kontagora in Niger State in the north
to the area slightly beyond Lokoja in the south (Fig. 4). Itis delimited in the NE and
SW by the basement complex and merges with the Anambra and Sokoto Basins to the
SE and NW respectively. Its sedimentary fill comprises post-orogenic molasse and
thin unfolded marine sediments. The basin is a gently down-warped trough whose
origin s closely connected with Santonian orogenic movements in SE Nigeria and the
Benue valley. The basin trends perpendicular to the main axis of the Benue Trough
and the Niger Delta Basin and is regarded as the NW extension ofthe Anarpbra Basin,
both of which were major depocentres during the third major transgressive cycle in

the Late Cretaceous.

m- A. 1979. Geology of the South-eastern (Sokoto) Sector of the lullemmeden Basin.

Dept. of Geology, Ahmadu Bello. University Zaria Bulletin 32, 142pp; Kogbe, <13 A. 3998,-2'
Ontinental terminal” in the Upper Benue Basin of north-eastern Nigera. Earth Evo un(oln Er e

Pecial Issue 1, 149-153.; Kogbe, C. A. 1981b. Cretaceous and Tertiary of the Iullemmeden Ba

ofNigeria (W, : -186 s

14 est Africa). Cretaceous Research 2, 129-180. _ ;

stset'tcrs' S. W. 1982? Central West African Cretaceous-Tertiary benthic foraminifera and
ls(‘)’"g(’:‘??h)'. Palaeontographica Abt. A 179, 1-104.

1< Op.

20p.Cit

15OP- Cit, 13

Op. Cit,
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Fig. 4. Extent of Bida
Basin.

Available geological
maps of the Bida Basin
have lumped the
sodimentary formations
Into one undifferentiated

Nupe Sandstone. i

In this way It is not
possible to Infer
prospectivity

The Bida Basin is generally subdivided into two portions, namely the Northern Bida
Basin and the Southern Bida Basin. No concrete line of subdivision can be drawn but the
boundary approximates the subdivision shown in Figure 5. In the Northern Bida Basin
four mappable lithostratigraphic units are recognized, namely, the Bida Sandston;
(divided into the Doko Member and the Jima Member), the Sakpe Ironstone, the

Enagi Siltstone, and the Batati Formation. These are correlatable with the stratigraphic
units in the Southern Bida Basin (Fig. 6).

NORTHERN
BIDA BASIN

SOUTHERN
BIDA BASIN

Fig. 5. Approximate boun

the Northern Blda bk dary Indication between

and the Southern Bida Basin
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gouthern Bida Basin (which has been studied in more d

5 ot al.,2% exposures of sandstones and conglo

Formaﬁo“ direFtly overly t'he Pre-Cambrian to Lower Paleozoic ba .

and schists. This is o.verlam by the alternating shales, siltstones Se;nem S

sandstones of the Patti Formation (ca. 70-100 m thick in the Kotor;-lc(:ryét;:lgz gng
aji

: i Formation is succeeded by th
axis). The Pattl . y the claystones, concreti :
ndironstones of the Agbaja Formation. Sresiovany, silistones

etail, e.g. Ladipoeta] 19:
merates of the Lokojz;

[nthe
Akand

SE
Nw
SOUTHERN B8IDA BASIN
{LOKOUA SUB.BASIB) HORTHERN BIDA BASIN
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—_—
tsukka Formation - o
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m—memenwomphx
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Fig. 6. The formations in the Nothern and Southern Bida Basin are correlatable
with those in the Anambra Basin in the south-east.

4.0.Scope of Work and Methodologies Adopted
The scope of the preliminary work comprises geological mapping,
sample processing, data generation and data analyses. The methodolo
comprise:
* Fieldwork and stratigraphical sample collection.
* Preparation of a geological / prospectivity map.
* Petroleum geochemistry of some outcrop and shallow well samples.
A *  Geophysical aeromagnetic data acquisition and processing. ;
Pat from departmental laboratories at the Ibrahim Badamasl Babangida

W, Lapai, laboratory facilities available at the Nasarawa State University,
e esearch Centre, Potsdam,

ab, Portharcourt; Geo-Forschung
“MMany; and at the Federal Institute for Geosciences and Natural Resources,

N ‘__———‘—’—-——.—— X
Ladil:lo’ K. 0., Akande S. 0. and Mucke, A. 1994. Genesis of iron§ton35 ﬁg:;::i ::l':ﬁ;ig;
etary basin: evidence from sedimentological, 0r¢ microscopic an€ £¢

Jo
%, ima] :
Op.cjt Omemg and Geology 30, 161-168.

sample collection,
gies adopted
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ilities procured in the course of this projecy
Germany as well as facilities pr : : Vere
Har:inmf/::, theis periminal’)' study. Funding for the project was Provideg
zws/eenvhelmingly by the Niger State Government through the Gubematoriy

Committee on Bida Basin Development (GCBBD).

ieldwork ioraphical sample collection '

Z'fifé‘g‘féﬁf ggfﬂﬁﬁ :ﬂd sample collection were carried out throughout the entire
Bida Basin to produce a comprehensive geological map and to obtal? good quflhty
samples for analytical studies. Fresh outcrop samples and.samples from drilleg
shallow wells at Agaie and Kudu were collected. Macrofoss:l assemb}ages as they
occur on the field were used to validate the cc->rrel.auons of the rock units. Structura|
analyses were undertaken on the field. Anticllnonz}l cores were particularly targeted
as they afforded opportunities to sample rock units fhat have })cen lhrusted‘ to the
surface by tectonic processes and for which their equx.valent units generally lie very
deep down below the surface. The resultant geological map is used to construct
subsurface cross-sections with the objective of delineating areas with thicker
sediment piles.

The sampling design covered as much of the area as possible using road cuts and other
exposed outcrops to collect stratigraphic samples. Rock types, bed thicknesses,
textural features, sedimentary structures, structural features and depositional
environments were recorded at every outcrop. The field study lasted 20 days, divided
into transects of 10 days each in the months of December 2011 and February 2012.

Petroleum geochemistry

Organic geochemical analyses were carried out on selected outcrop and shallow well

samples to provide information on organic richness, kerogen type and maturity of
potential source rocks. The details include the followings:

’I:otal Organic .Carbon (TOC) analysis to determine the level of organic mattef
richness (quantity): have they met the minimum limit for hydrocarbon generation?

Rock Eval pyrolysis for the det
Indices (OI), Production Indice
quality: If quantity has met the
generated? Oil or gas? The T
Where does the maturity fall w
generation, mature for ol gene

ermination of the Hydrogen Indices (HI), Oxyge?
s (PI) and Tmax as a measure of the organic mattef
minimum limit, what type of hydrocarbon “’°U|d- b?
max is the measure of the organic matter matun‘);i
ith relative to oil generation window? Immature B
ration or overcooked for oil generation?

49
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The geochemical analyses were undertaken at Getamme Geochemistry Laboratory in
Port-Harcourt.

Geophysical aeromagnetic data acquisition and processing

Aeromagnetic maps of sheets covering the Bida Basin were acquired from the
- Nigerian Geological Survey Agency. The maps were processed to determine probable
- depths to basement, basement topography and buried magnetic materials. The field
. magnetic data were processed using mathematical operations of the 'Fast Fourier
transform' (FFT) algorithm, which is a precursor of spectral analysis. Further
processing of the aecromagnetic data / maps was undertaken using the GEOSOFT

software to convert the aeromagnetic raw data to depths to basement on a colour index
scale.

5.0.Results and Interpretations

Geological Mapping and Preparation of Prospectivity Map

The preliminary geological mapping undertaken reveals some details of the
composition and aerial extent as well as the inferred boundaries of the formations in
the Bida Basin. All previous geological maps available on the Bida Basin have
lumped the sediments in the basin as one undifferentiated Nupe Sandstone, making it
impossible to infer the prospectivity of the basin for hydrocarbon exploration and
acreage assessment. The delineation of inferred boundaries between the formations in
the basin is a significant initial criterion in evaluating the hydrocarbon prospectivity.
The geological mapping exercises have identified the four lithostratigraphic
formations in the Northern Bida Basin and the three in the Southern Bida Basin as
discussed and interpreted bellow.

Northern Bida Basin

The Bida Sandstone

The Bida Sandstone is divisible into two members, namely the Doko Member and the
Jika Member. The Doko Member is the basal unit and consists mainly of very poorly
sorted pebbly arkoses, sub-arkoses and quartzose sandstones. These are thought.to
have been deposited in a braided alluvial fan setting?!. The Dok(? Merpber underlies
the Jima Member, and the two rock units show gradational rela‘ltlonshnps. They both
- contain sandstones, breccias and argillaceous rocks in varying proportions. The
sandstones of the Doko Member are arkosic to quartzose, generally poorly sprtTd,
- With angular to sub-angular grains. Massive appearance 1s corr_tmﬁn.D W:Vi/[ :l;:)bi
(ripple marks) and large scale cross beddings are very prominent in the Doko

i ,%raidc, S. P. 1992a. Geologic development, origin and energy m(i;gzll;eso;;c §§’$f;'fm' oD
2 -l_»Okoja Formation in the southern Bida Basin. Journal of Mining an gy <5,

5, 50
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at Doko village (Fig. 7). Bioturbution st_ruf:tures cons;(stml,:;/I malt?]y (?f T_h » 1{ asinoide,
and Ophiomorpha burrows exist within the Do. od ﬂem er indicating some
occasional marine inundations into the generally braide uyml channel d?pOSits of
the Doko Member. Thick to very thick ﬂat-beddmg. and localised cross-stratificationg
are also present. Many of the coarser quartz grains commonly show smooth, flat
surfaces giving the impression of vein quartz. Tl.mc quartz and feldspar graing ot
irregular, rod-like or roughly tabular. The arkosic sandstones are the .basal units
exposed. They are commonly medium to very coarse and pebbly. The sorting is fairt
poor. The arkoses are often mottled: brown, yellow, grey apd pink. They are
interbedded with finer-grained lithic feldspathic and feldspathic sandstones, Very
poorly sorted, very coarse to fine argillaceous and pebbly quartzose sandstones and
subsidiary subgreywacke, however, dominate the subfacies. They succeed and grade
into the basal arkoses. Some are friable, medium to very coarse and pebbly, whereas
others are hard, medium to very fine, argillaceous and poorly sorted. Several paleo-
channels exist in the Doko Sandstone subfacies. The channel-filling contrasts with
the underlying beds. Some spherical to sub-spherical masses of coarse argillaceous
sandstones with occasional quartz pebbles in the outer areas occur locally. Siltstone

and mudstone pebbles, and some thin, indurated, ferruginized, dark-brown sandstone
bands are present in several localities.
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The Jima Member is dominaFed by crogs.-stratiﬁe_,d quartzose sandstones, siltstones
and claystones. Trace fossils c;ompngmg mainly Ophiomorpha burrows and
Th a/[asinoidé’s occur gbundagtly m_ the J ima Member (Fig. 8) suggesting a possible
shallow marine sul?tldal t.o intertidal influence during sedimentation. The Jima
Sandstone Member 18 conmdgrgd as the more distal equivalent of the upper part of the
Lokoja Sandstone, where similar features also occur. Planar and tabular Cross-
beddings occur in many horizons of the Jima Member.

sediments of the Bida Sandstone occupy the flanks of the basin (Fig. 18) and they
were mapped in detail at Bida, Doko, Jima and Baro. Areas covered by the Bida
Sandstone are assumed to be the shallowest in terms of sediment thickness and
constitute the “highs™ or horst structures and are presumably the least prospective.

/
e ’
. 4 ur? .
Bo:d tu | i i
- 8. Highly bioturbated coarse grained sandstones of the Bida formation (Jima Member)
pol:g:ﬁ;j at Jima. The bioturbation burrows are very significance to increasing reservoir

and permeability.

2l 4
>

. .
%

Ty
"¢Sakpe F. Ormation

The § oy
Sandyaclige Formation comprises mainly oolitic and pisolitic ironstones (Flg-:&;"i‘ctﬁ
®Xhibg ystones locally, at the base, followed by dominantly oolitic ironston

. : e
S rapid facies changes across the basin, at the top. Exposures of the Sakp
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Fig. 8. Typical attributes of the Sakpe Formation,
Deposits of ironstones in different concretionary
forms (at the Sakpe Hill in Sakpe village)

e > "YPilied by those occurring within and around the
t S within an
own of Batati (.Flg. 10). Other sul;sndnary lithologies incﬁxde sandstone-siltston¢
places With abundant massive claystones. Fossil 1§3f
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her subsigig Y those occurring within and

: A ; ¢ e
Ty l'th°]0gles include sandstone-siltsto?
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d in some places with abundant massive claystones. Fossil leaf
ossions and rootlets oceur occasionally within the formation. The formation

(hickness of between 30m and 60m. Mineral assemblage consists mainly of
Idspars and clay minerals.

admixture an
L jmpress
| pangesin
quartz, fe

YL AT »
-t ,._'aﬂ\g“\‘\ d, [~

Fig. 10. Mapping and logging the Enagi
Siltstone at (a) Barad, (b) Enagi, (c) Kutigi

Bioturbation structures are rarely encountered within the Enagi Formation but
forgminifcral recovery indicates that the Enagi Formation is of shallow marine
environments in most parts. The Enagi Formation correlates with the Patti ormation
in the Southern Bida Basin. The Enagi Formation encompasses the Kudu Shale
(Kudu.Shalc Member), a dark-grey, black shale unit (Fig. 11) envisaged to be the
l;)lc_mwl source rock for hydrocarbons that might have been generated in the Bida
S**S"l- The Kudu Shale on the other hand correlates with the Ahoko Shale in the
N‘;“‘hcm Bida Basin. The Kudu Shale occurs generally in the sub-surface in the
% rthem Bida Basin. A shallow well drilled to a depth of 70m at Kudu village for the
CO;':;’S" of sample collection encountered the Kudu shales at a depth of 30m and
i :UCd up to the 70m end-depth (Fig. 11). A similar well drilled at Agaie indicates

the Kudu Shale occur at a depth below 70m as it was not encountered throughout

the 70m depth (Fig. 12).
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Fig. 1. Dark-black carbonaceotis shales (Kudu Shale Member) from shallow well drilled at Kudu

The Batati Formation

This Batati Formati - " : nced!
ati Formation constitutes the uppermost units in the sedimentary S

the Northern Bida Bas; : 2 Jitic an
g n. The Batat i i aceous, 0011
goethitic ironstones (Fig. 13) | Formation consists of argill

; : jons
and shaley beds _13) with ferruginous claystone and siltstone mtercaliaé'ge
nearshore shallo occurring in minor proportions, some of wh el Ry Z ace
exposures of the\g marine to fresh water fauna22, The sporadic occurrences ? agi 10
Bida Formatiop . Fom.‘athn and its tight contoural relationship to the E‘n aifted
S Wherever it occurs show that the Batati Formation occupies
e

R. 1974, Sedi ;
cology 12, le.(zll‘;‘.]enmlogy of the fluvial Bida Sandstones (Cretace®"

“Adeleye. D,
Scdimenlary G
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.~ srabens). These areas present the thick i i

ginks (::ldb(.ﬂ.S) - 1ckest sediment piles and co

qost prospective for hydrocarbops In term of sediment thickness in t}?es g;}:iently .

Although these areas may be m.terpreted as synforms, they are acrullla B?sm'

qructures, where the Batati Formation remains deposited in the grabens andaerf)dn(ti‘t o
edon

the horsts.

The Batati Formation was mapped and logged in detail at Pattish S
(near Bida) and at Kandi and Enwan (near Gulu). ishabakolo and Edozighi

Fig. 13. Sections of the Barad Formation exposed
on the road from Bida to Pattishabakolo (a, b);
and at Kandi near Gulu (c).

The Lok
Sandst

re "Ounded
u

Onglom
er, :
Sands on ates form recognizable beds at the base 0

%ja Formation
oﬁlec units in this formation range from conglomerates, coarse to fine grained

S, siltstones and claystones in the Lokoja area (Fig. 14). Subangplar to
Cobbles, pebbles and granule sized quartz grains in the units are
IStributed in a clay matrix. Both grain-supported and matrix-supported
©unj £ distinct cycles at outcrops. The
¢ onits are frequently cross-stratified, generally poorly sorted and composed

¢ gencr:illuartz and feldspar and are thus texturally and mine.raloglcall)('i m;lngg.
Ompogigi Characteristics of this sequence especially the fining upward charactef,
onal and textural jmmaturity and unidirectional paleocurrent

d by braided streams

Sugge
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Uvial depositional environment dominate

Tainly g
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patti Formation requires suspepsion and' settling of finer sediments in 2 quiet low
energy environment pfObabl}' n a restricted body of water2s. The abundance of
woody and plant materials comprising mostly land-derived organic matter, suggests
prevai“ﬂg fresh water conditions. However, biostratigraphic and paleoecologic
studies by Petters® have revealed the occurrence of arenaceous foraminifera in the
shales of the Patti Formation with an assemblage of Ammobaculites, Milliamina,
Trochamina and Textularia which are essentially cosmopolitan marsh species similar
to those reported in the Lower Maastrichtian marginal marine Mamu Formation (the
lateral equivalent) in the adjacent Anambra Basin2’. The Patti Formation therefore
appears to have been deposited in marginal shallow marine to brackish water
condition identical to the depositional environments of similar lithologic units of the
Mamu and Ajali Formations in the Anambra Basin28.

The Patti Formation encompasses the Ahoko Shale (Ahoko Member), a dark-grey,
black shale unit (Fig. 16) envisaged to be, along with the Kudu Shale, the potential
source rock for any hydrocarbons that might have been generated in the Bida Basin.
The Ahoko Shale in the Southern Bida Basin correlates with the Kudu Shale in the
Northern Bida Basin. Outside the outcrops / sections of the Patti Formation which
occur along road-cuts from Kotonkarke — Gada-Biyu on the Lokoja — Abuja
Expressway, the Patti Formation is also excellently exposed at Gerinya on the
GeguBeki—Muye—Gulu road (Fig. 17).

The Agbaja Formation

The Agbaja Formation forms a persistent cap for the Campanian - Maastrichtian
sediments in the Southern Bida Basin as a lateral equivalent of the Batati Formation in
the Northern Bida Basin. The formation consists of sandstones and claystones
interbedded with oolitic, concretionary and massive ironstone beds in this region. The
sandstones and claystones are interpreted as abandoned channel sands and overbank
deposits influenced by marine reworking to form the massive concretionary and

\

25p ' !

Braide, S. p. 1997, Alluvial fan depositional model in the northern Bida Basin. Journal of
Mg;;n iz:nd Geology 28, 65-73.
2P

LGebhard‘, H. 1998. Benthic foraminifera from the Maastrichtian Lower Mamu Formation near

o (Southern Nigeria): paleoecology and paleogeographic significance. Journal of

xorz(wil:)i’feral Research 28, 76-89.

- V. 1988. Paleogeograph , sedimentation and tectonics of the Upper Cretaccous

gn \a/rr;grga Basin, SOUlh-easten? Niéer?a.)}oumal of African Earth Sciences 7, 865-871.; Ag]qmra_g,

ige'nu "MaI{strichtian tidal flat sequences from the northern Anambra Basnt?, Soughgmc i e;:l :

Re.jerfmASSOClation of Petroleum Explorationists (NAPE) Bulletin 6, 56-66.; Nwaji ei; il

Nigc,f’ T.J. A 1996. Sequence arcl?iteclurc in outcrops: examples from the Anambra ;
3 Nigerian Association of Petroleum Explorationists Bulletin 11,23-33.
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Fig. 15. Patti Formation sections exposed
between Kotonkarfe and Gada-Biyu

(a) Flood plain siltstone deposits near Ahoko
(b) Channel sandstones at Abaji

(c) Flood plain claystone and siltstone deposits
at Gada-Biyu

Qe DEgrey black shales ofthe Aoko Shale Member (Pat o
: :;rw to Ahoko on the Lokoja-Abuja express (envisaged source roc
Walent to the Kudu Shale Member)

on) exposed ata
he Bida Basin
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Fig. 17. Mapping and
near Gegu-Baki

Interpretation of Prospectivity Map
The prospectivity interpretable from the geological map in Figure 18 shows that th

Bida Basin is made up horst and graben structures, whercas the deepest grabens I
bellow the Batati and Agbaja Formation outliers. These outliers which may b
considered as “geological bright-spots” represent the most prospective areas g ﬂ!
Bida Basin. Pattishabakolo, Edozighi, Kandi and Enwan make up the localities wntm
these geological bright-spots in the Northern Bida Basin (Fig. 19), whereas Agb@,
and some localities around Gegu-Beki constitute the geological bright-spots
Southern Bida Basin (Fig. 20).

Most of the areas covered by the Enagi and Patti Formations are presumed 0 bct
relatively moderate depth to basement, with the depth increasing towards the e
orth? basin (Fig. 21). These areas are prospective in terms of sediment ‘h":k'.ms
relatively less prospective than those areas covered by Batati/ Agbaja Fon'natlonzli
more Prospcctive than the areas covered by the Bida Sandstone- Suc d
areas include localities around Adogo, Pizhi, Duba, Kachegi, Kutigi, aba, B4
Agaie, Gulu, Muye, Gerinya, Abaji, Ahoko and Gegu-Beki.

The least i s i il
prospective areas are those localities covered by the Bida Saﬂqs otonk?

least prospective areas incl : s
ude B : hi, Pategl
and Lokoja (Fig. 18). ida, Doko, Jima, Baro, Wushisht
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Batali/ Agbaja Formation
Enagi/Pat Formation
Sakpe Formation

Bida/ Lokoja Formanon

PSK = Pami-Shaba-Kolo

More Prospective areas

} Prospective areas

LessProspective areas S |

Fig. 18. Constructed preliminary geologicalmap of the Bida Basinbased onthe
surface geological mapping.

Maore Prospactive

' Lepai
A M2 104 Enag xrug' Botan Wuya PSK  B192 Badegi Agaie | A

| 111

Basement

—— and

dimentthickness
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Flg. 21, Estimated subsurface topography, relative sediment thickness and
delineation of prospective areas forthe section C-C": Jebba - Kontagora

Geochemical Data
Table | shows the Rock-Eval pyrolysis results of some representative samples

obtained from shallow wells drilled in Agaie and Kudu within the Northern Bida
Basin and from outcrop sections at Ahoko in the Southern Bida Basin. Eighty five
percent (85%) of the samples have TOC values of more than 0.5wt%, the minimum
limit required for hydrocarbon generation (Fig. 22). All samples from the Agaie well
(Enagi Formation, sandy units) have no potential to generate hydrocarbons. The
Kudu Shale, which is expected to be the major source rock in the Northern Bida
Basin, lies probably still deeper down than the 70m depth penetrated by the Agaie
well.

Based on hydrogen indices (HI) evaluation, 40% the hydrocarbon generated in the
Bida Basin would be gas, 35% oil and gas and 5% oil (Fig. 23). Twenty percent (20%)
have no potential to generate any hydrocarbons. Based on Petters®' and Obaje et al.*?,
source rocks with minimal thermal maturity of Tmax 435 degree C and HI of 3(_)0
mgHC/gTOC and above will generate oil; those with HI between 300 and 150 will
Produce oil and gas; those with HI between 150 and 50 will produce gas; and those

With HI less than 50 have no hydrocarbon generative potential.

he Tmax (thermal maturitx)
below the entrant of the ol
m, however, represents

8:'.’ theabove assumption, juxtaposition of the HI against t
'8.24) shows that the source rocks in the Bida Basin are

:Z'"dow (slightly immature to early mature). The diagra . e
Sults on samples obtained at the surface to maximum 70m depth. It is expecteC (42

:(l)dcmhs where oil generation and entrapment would take place (2000-4(2108@6 :l];:
Ealslrce rocks would have entered the oil window, whereby majority e

and oi] ang gaszones (Fig. 24).

3
On r:
2P- Cit
it; cie 5 ildelberg,
€3t Also Obaje, N. G 2009, Geology and Mineral Resources of Nigeria. SPringel Hellcelxsh

64



Petrolcuty

s Technology Dev

clopment Jo

Table 1.Rock

umal

Eval pyrolysis r

July 39
13y,
oy
%,

esults of some selected samples from the Bidap asi
n

feat 10 Ge
oow | oan | 403 | 96 | 337 B v e
T > 0% 0.05 | 0.08 2 2 0.2 & | o
SR ! Well 0. SO 38
_ Agaie 0 Nl | 007 | ovs ot | o024 | 32 | o | 324 | 05 [ o1 [one ST
Agale 28 : oy [ oos [ooo |oas [ aos | wom L om | 02 ] & T lim
apaled0 | Well =0 o0 | 419 | 4 ) 25
s Sicr 181 | 004 076 |1 P o8 T Tar
ek titg) | Quueeop L st——0 o | 12n | w16 | 25 | 67 | o4 T
boto D) (A1 | Outcrop | 190 1 S 3 | oo
A op | 240 | o006 | 183 123 | 423 | 76 s 15 | 2 [Tom |
i | 1 000 ¥
M%‘T:L'mn e oo [2a0 [ 102 | aos | 82 1w ] an | 5 R
St T &
_"_'L‘\!%-“l -—'*'Lomm o o 020 [o2e [ | o | 38 [ 12 [ 7o
TR oo | 005 |oss |oss | o | ss | ss | w0 | 3
\hoko M(By | Qutcrop | Z-22 0.06
1 123 | oo | 037 | 039 | 416 30 3 0.9 3
oo 9(D) | Quterop | T.=2 4 — 0.10
s T 3 | 378 | o2 | 424 157 M 1.6
Noded0 | Wen | 241 ] 082 Lo 1 s | oo
Nodu 16 Wl | saa9 | 0.s2 [77.24 ] 864 386 143 16 89 ; o
Kodu 38 Well 145 | oos | 241 | 053 | 425 167 37 45 6 | abs
Kedu §1 well w62 | 024 |iwso | 100 | 430 | 402 24 169 | s | om
Kudu &3 wen | moe | nse [102.47] 660 | 413 | 268 17 | 155 | 4 | om
Kudu & wer | 2128 | 077 [s7.07 | 481 | 418 | 268 23 19 [ 1 | om
Kudu 56 Well 12.84 0.49 | 2261 | 317 422 254 25 103 4 0.01
Kuda 60 well 182 0.11 1.56 0.46 422 195 25 1.7 6 0.03
Kudu 65 well 067 | 008 | 032 | 00 | 427 108 s1 2.1 7 | oo
Kudu 71 Well 07 | oo7 | 154 | os7 | 429 | 212 79 2.7 10 | oot
Notes: Pyrogram:
= 1" - pot pyeaseed o emvald valae for Tean * . commeets regarding contmunIton [ « M1 S2 peak LECO -
TOC - Terad Orpznac Corboa st % o0 jyw §2, Teman is unrchisble n - normal v TOC ca Lewo lagnemes
sele bydaoeasion (H) contemt mg MO g ek Meas *iRo - measzred visnmite reflectance 1S2sh - low temperature S2 shoudder  TOC oul "Mpmd{ mh“*!“"

Sh. el

2. sy

HC peoeretne poteeeal, mg HO/ g ek

§3 .« carhve dotade coeeat =g CO2 /g okt

11 - Hydrogen index = $2 1100/ TOC, mg HC £ g TOC hiS24h -

Iogh temperatizre 2 thealder  SRA - Progrcamad
iy 24

01 - Oygea lodes = $3 1 100/ TOC, mg CO2/g TOC 1S2p - low temperature S2
71~ Prodkoction Index = 1/ (51452 ¢ y gk

MS2p - high temperature S2 peak

EXT - Extracted

SamplelD

100

ML

00}

TOC (wt%)

P00

AO'OOL

Agaie 30
Agaie 38 i
Agaie 40 |
Ahoko 11C
Ahoko 13A |
Ahoko 17A ]
Ahoko 198 |
Ahoko 1A 1
Ahoko 3B ]
Ahoko 9D |
Kudu 30 1
Kudu 36 ]
Kudu 38 }
Kudu 51 )
Kudu 53 !
Kudu 54 |
Kudu 56 ]
Kudu 60 |
Kudu 65 |
Kudu 71 |

* lovo

65

Fig. 22. Plot of TOC values
against samples from the
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Fig. 25a. Geophysical aeromagnetic

rawdata on sheets ¢
of the Bida Basin, - "o Poruons

Flg. 25b. Geophysical aeromagnetic
raw data on sheets coveringportions
of the Bida Basin superimposedonthe
political map of Nigeria. Note that data
area covers Niger, Kwara, Kogland FCT.
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Flg. 26a. Interpreted depth to basement
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prospective areas,
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geological interpretation.
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6.0. Conclusions

he Bida Basin is the least studied of all Nigeria's inland frontier basins. This is
decause not a single exploratory well has penetrated the sequences in the Bida Basin,
naking access to subsurface data very difficult. This project has carried out
preliminary geological mapping and completed a prospectivity map for the Bida
Basin. Geochemical evaluation has also been carried out to assess the source rogk
jualities and the potential of the rocks to generate hydrocarbons (oil and/or gas). ThlS
preliminary study of the Bida Basin was completed with interpretation of geophysical
Eromagnetic data with the aim to assess the depth to basement, basement topography

nd refining of locational prospectivity evaluation necessary for the selection of
inillable sites.

.‘_om the preliminary geological map prepared, prospe(.:tive areas, ranlfed as kLelss
JOSpective, Prospective and More Prospective are dlsc.emable..l_’attlshaba (')Oi
10zighi, Kandi and Enwan make up the More Prospective localities .(.geologlcad
°Nght spots) in the Northern Bida Basin, whereas Agbaja and some locallt.nes aroun :
*8U-Beki constitute the geological bright-spots in the Southern Bida Basin. Most o

L oAreas covered by the Enagi and Patti Formations constitute the Prospective areas.

. . 1 ess
Nese areas are prospective in terms of sediment thickness but relatively |
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eas covered by Batati / Agbaja Formations by -
overed by the Bida Sandstone. Such prospective l°Calitj?
o, Auna, Pizhi, Duba, Kachegi, Kutigi, Ndaba, Bade ’is
hern Bida Basin and Gerinya, Abaji, Ahoko and Ge gi

prospective than those ar
prospective than the areas ¢
include the areas around Adog

Agaie, Gulu, Muye in the NorF
Beki in the Southern Bida Basin.

Geochemical data show that mainly gas and some oil would have been generateg
within the Prospective and More Prospective sections in the basin. These data g,
show that the Kudu Shale Member within the Enagi Formation and Ahoko Shyl,
Member within the Patti Formation constitute the source rocks for hydrocarbg,
generation in the Northem and Southern Bida Basin, respectively. Geophysic|
aeromagnetic data evaluation indicates a depth of up more than 2,000m (> 2 Km)
within the identified prospective areas.

It is recommended that the first wells to be drilled in the basin should be located a
Pattishabakolo (near Bida) and at Kandi (near Gulu) at co-ordinate localities to b
de.tennined by further lease operator-determined prospectivity studies (2-, 3-, 4-D
seismic studies, etc).
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