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ABSTRACT 

Sedimentary facies (clastic lithofacies and carbonate microfacies) and clay mineralogy (clay mineral facies) studies were 

conducted on Sekuliye Formation sediments from Yola Sub-basin with aim of re-interpreting the paleodepositional setting. 

Based on this study, three (3) lithofacies and three (3) microfacies were recognised. Lithofacies and microfacies therefore, 

suggests deposition in coastal-shallow marine/shelf (ramp) environment underlow-energy condition. Body fossils such as 

bivalves, crinoids, brachiopods and bryozoans dominates the sediments which indicate shelf or ramp depositional setting. 

Kaolinite, montmorillonite, glauconite and illite are the major clay minerals which indicates deposition in continental shelfor 

open marine shore settings. 
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INTRODUCTION 

Clastic depositional environment on continental shelves 

vary according to the water depth, sedimentary supply, 

climate and the relative importance of wave, tide and 

storm depositional processes (Walker and Plint, 1992). 

Clastic environments of continental shelves are 

determined based on lithofacies and ichnofacies analysis 

(Dalrymple, 2010). Carbonate deposition involves a very 

complex processess compared with many other 

sedimentary types. Facies analysis of carbonate rocks has 

been heavily dependent on comparative studies (Hardy 

and Tucker, 1988; Nichols, 2009). The major controls on 

carbonate facies are geotectonics and climate (Tucker, 

1985). Lithofacies and microfacies analysis of clastic-

carbonate rocks provide opportunities for unravelling 

detailed diagenetic histories and environments (Tucker, 

1985).  

  

The study area fall within the Northern Benue Trough of 

Nigeria. The Yola Sub-basin (a sub-sector of the Northern 

Benue Trough – Fig. 1) consists of sedimentary rocks that 

were deposited as carbonates. The Sekuliye Formation, 

the subject of this study, is a sequence of shale and 

limestone beds deposited during the Coniacian in the Yola 

Sub-basin (Carter et al., 1963; Kogbe, 1976; Sarki 

Yandoka, 2015; Nwajide, 2013). This study is also a 

follow-up to Sarki Yandoka, (2015) so as to significantly 

improve on the exsiting knowledge.  

 

Moreover, the formation is still under-studied particularly 

with respect to carbonate microfacies and clay mineral 

facies. This study aimed to analyse the lithofacies, 

carbonate microfacies and clay minerals integrating 

petrography and XRD analysis to determine the 

paleodepositional environment of Sekuliye Formation. 

The study could also be used for future tectono-

sedimentary reconstruction of the Cretaceous sequences in 

the region.  

 

The Northern Benue Trough (Fig. 1) has been discussed 

by many authors (e.g.Carter et al., 1963; Abubakar, 2014; 

Samaila et al., 2006; Zaborski et al., 1997; Sarki Yandoka 

et al., 2014 and many others). It comprises of the Gongola 

Sub-basin and the YolaSub-basin (Fig. 1). The Northern 

Benue Trough is separated from the Chad Basin by 

Dumbulwa-Bage high (Zaborski, et al., 1997) which run 

roughly northeastward.The oldest sedimentary succession 

in basin is dominantly continental deposits of the Bima 

Formation which unconformably overlies the Basement 

Rocks (Fig. 2). 
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Fig. 1: Geological map Northern Benue Trough showing the study area S-Sekuliye Formation (from Sarki Yandoka, 2015) 

 

The Bima Formation forms the basal clastics and is 

widespread throughout the Northern Benue Trough. The 

Bima Formation is Late Jurassic to Albianto Albian in age 

(Carter et al. 1963). The formation comprises three 

lithologic units; Lower Bima, Middle Bima and Upper 

Bima (Zaborski et al., 1997).  It is succedded by Yolde 

Formation which marks the transition between the 

continental environment and the major transgression 

(Nwajide, 2013; Abubakar, 2014). The oldest marine 

sediments constitute the Dukul Formation of middle to 

lower Turonian. The Jessu Formation overlies the Dukul 

Formation and is middle to upper Turonian age and 

probably the most extensive marine formation in the basin.  

 

 
Fig. 2: Stratigraphic succession of the Northern Benue Trough showing Yola and Gongola Sub-basins  

(After Sarki Yandoka, 2015) 

 

The Sekuliye Formation, the subject of this study is a 

Coniacian age and constitutes a sequence of shale 

interbedded with thin limestones. The limestone is 

fossiliferrous and fibrous associated with gypsum. There 

is still not yet identified sub-depositional environments of 

the Sekuliye Formation. The Numanha Formation consists 

of thick shale alternating with occasional bands of 

sandstone, mudstone and limestones. The Lamja 

Formation consists of sandstone deposits which represent 

a brief return to the deltaic conditions during the 

Maastrichtian regression.   

 

MATERIALS AND METHODS 

Logging of outcrops exposed along stream section was 

carried out. Information such as thickness, lithology, 

samples, facies descriptions, strikes and dips and attitude 

of planar sedimentary structures were recorded. 

Sedimentary log sections were measured and recorded 

(see Fig. 3) for silicilastic lithofacies analysis.A total of 

twelve (12) shale and limestone were collected from the 

logged section (Fig. 3).  
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Fig. 3: Lithostratigraphic section of Sekuliye Formation at Bambam river (see Figure the location of the study area) 

 

The limestone samples were polished and grinded to 

smaller sizes for slides preparation (microfacies). 

Petrographic examination for thin sections allows us to 

determinate the carbonate microfacies described 

following the classification of Dunham (1962). The shale 

samples were crushed into powder for clay mineral 

analysis. The powdered sample was prepared using the 

sample preparation block and compressed in the flat 

sample holder to create a flat, smooth surface that was 

later mounted on the sample stage. The clay samples were 

run by Panalytical instrument. The samples were treated 

with ethylene glycol at (2° to 24° 2θ), then heated with 

400° C (2° to 24° 2θ) and 600° C (2° to 24° 2θ) using the 

X-ray difraction (XRD). The results were collected as 

peaks which shows different clay mineral compositions.  

 

RESULTS AND DISCUSSION 

Lithofacies Analysis 

Dark shale facies 

This facies consists of dark colored shales interbedded 

with glauconitic sandstone and fossiliferous limestone 

with a thickness ranging from 2 - 3 m at the base. This 

facies suggests deposition in low-energy environment, 

influenced by low rate of sedimentation, absence of storms 

and general reduction of wave produced currents (Anan, 

2014; Sarki Yandoka et al., 2019; Sarki Yandoka, 2015).   

 

Glauconitic siltstone facies 

This facies consist of light grey to brown siltstones that is 

partly glauconitic interbedded with clay/shale (Fig. 3). 

Thickness ranges from 1.5 – 2 m. It is moderately to minor 

bioturbated (Fig. 3) and interpreted to represent deposition 

in quite water below the fair weather wave base in a shelf 

shallow marine setting (Anan, 2014). 

 

Limestone facies 

This facies consists of light grey to black, limestone 

(wackestone and packestone) with a thickness ranging 

from 0.8 - 2 m interbedded with clay/shale. Body fossils 

range sparse to abundance. The facies is interpreted as 

forming in the basal portion of transgressive unit under 

low-energy condition in shallow marine shelf (Walker and 

Plint, 1992; Anan, 2014).  

 

Microfacies Analysis 

Bioclastic packstone 

The microfacies also consists of micritic materials 

cemented by sparry calcite cement characterized by 

dissolved fragments of organisms (Fig. 4). Ammonites are 

common recovered in the lower part. This microfacies is 

interpreted as deposition in a moderate energy 

environment in marine or perhaps moderate energy 

shallow environment (Nichols, 2009). 

Bioclastic wackestone 

This facies consists of outline of skeletal material 

completely micritized. The shell debris could be those of 

brachiopods and probably bryozoans. The shell of the 

bioclasts is gradually being replaced by sparry calcite 

cement. Evidence of micrite is an indication of a low 

energy and is interpreted as shallow marine deposits 

(Nichols, 2009) based on well preserved body fossils.  
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Bioclastic wackestone-packestone 

This microfacies composed of ostracods with fragments of 

oysters and gastropods. Allochems are parked ranging 

from coarse to fine embedded in carbonate matrix (Fig. 4). 

They are usually present in shallow but restricted 

environments under lower salinity stratified column. This 

microfacies may indicate deposition in shallow marine 

environment (Anan, 2014). 

 

 
Fig. 4: Photomicrograph of limestone microfacies showing OS-ostracod, Br-Brachiopod, A-Ammonite, OY-Oyster and other 

microfossils    present  

 

Clay mineral facies 

Kaolinite  

The presence of kaoliniteis indicative of a source that 

experienced intense weathering (Madhavaraju et al., 

2002) as identified based on XRD clay mineral analysis 

(Fig. 5). Geochemical conditions for the formation of 

kaolinite is favourable forshallow marine shoreface or 

delta depositional environments (Vikulova, 1964).  

 

Montmorillonite 

This is identified based on XRD clay mineral analysis 

(Fig. 5). The geochemical conditions favourable for the 

presence of montmorillonite (Fig. 5) is antithetical to those 

of kaolinite (Chamley, 1989; Madhavaraju, 2002).  

Sandstone-shale-limestone series promotes 

montmorillonite concentration and tends towards low 

energy shallow marine environment. 

 

Illite  

As with other clay minerals, Illite was identified from 

XRD clay mineral analysis (Fig. 5). Weathering of shale 

produces illite and considered the most abundant clay 

mineral in marine shales (e.g. Chamley, 1989). The 

concentration and presence of illite is indicative of 

deposition in shallow marine to marine setting 

(Madhavaraju et al., 2002).  

 

Glauconite 

The Glauconite mineral is found in the samples based on 

XRD clay mineral analysis (Fig. 5). Glauconite is usually 

found in open marine conditions in aerated water at 

sediment/water interface (Nichols, 2009). The presence of 

glauconite indicate deposition in low energy, offshore 

environment because glauconite is often associated with 

reducing environment in shallow to relative deep water 

setting in ramp (Anan, 2014).  
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Fig. 5: X-ray diffractions showing various clay minerals identified based on this study 

 

Paleodepositional setting 

Lithofacies investigation of Sekuliye Formation revealed 

four lithofacies which allows interpretation of the 

sediments as coastal-shallow marine (shelf) deposits. The 

carbonate microfacies therefore, revealed that the 

sediments are the products of depositional environments 

which formed under favourable conditions of warm 

surface waters of areas saturated with CaCo₃ in a restricted 

circulation of waters. This concur with similar 

interpretations (e.g. Anan, 2014). The 

packstone/wackestone was considered as a deposit of 

restricted to probably lagoonal inner ramp settings whilst 

bioclastic packstone and wackestone are the products of 

wave agitation on the sea floor in the inner ramp depo-

system. More so, bivalves, crinoids, brachiopods and 

bryozoans had dominated the sediments in photic zones of 

the outer- to mid- ramp. Thus, the occurrences of most of 

the clays is a function of the mineralogy and the 

modification by the geochemical environment of 

deposition. From XRD clay mineral analysis, kaolinite, 

montmorillonite, illite and glauconite are the major clay 

minerals and are controlled by the unique environment 

favourable for their deposition/formation. Therefore, the 

presence of these minerals is an indication of deposition in 

open marine shore environment.  

 

CONCLUSION 

Lithofacies, microfacies and clay mineral investigation of 

Sekuliye Formation sediments exposed in Yola Sub-basin 

(Northern Benue Trough) in order to suggest 

paleodepositional setting has revealed that the sediments 

were deposited in coastal-shallow marine (shelf) 

environment under low-energy condition. The carbonatic 

materials were inferred to have been derived largely from 

the shallow marine waters (continental shelves). This 

allows deposition of limestone, sandstone and shale. The 

limestone consists ofpredominantly bioclastic 

wackestones and packestones deposited under low-energy 

shallow marine (shelf) setting. Fossil assemblages such as 

bivalves, crinoids, brachiopods and bryozoans dominates 

the sediments in photic zone of the outer- to mid- ramp 

depositional setting. The presence of glauconite indicate 

deposition in continental shelf where sedimentation is 

slow or low-energy environment High dominance of clay 

minerals such asillite, montmorrilonite, mixed-layered 

illite-motmorillonite and kaolinite are believed to 

represent deposition in an open marine shore setting. 

Therefore, this study suggest that the Coniacian sequences 

of Sekuliye Formation were deposited in shallow 

marine/shelf (outer-mid-ramp) depositional environment 

under low energy condition.  

 

REFERENCES 

Abubakar, M.B. (2014). Petroleum Potentials of the 

Nigerian Benue Trough and Anambra Basin: A 

Regional Synthesis. Natural Resources, 

5(1):25–58. 

Anan, T. (2014). Facies analysis and sequence 

stratigraphy of the Cenomanian– Turonian 

mixed siliciclastic– carbonate sediments in west 

Sinai, Egypt. Sedimentary Geology 307:34–46.  

Carter, J.D. Barber, W. Tait, E.A. Jones, G.P. (1963). The 

geology of parts of the Adamawa, Bauchi and 

Bornu Provinces in Northeastern Nigeria. 

Geological Survey Nigerian Bulletin 30:53–61.  

Chamley, H. (1989). Clay sedimentology, 623 pp. 

Springer-Verlag, Berlin. 10.4.1. 

Dalrymple, R.W. (2010). Interpreting sedimentary 

successions: facies, facies analysis and facies 

models, in: James, N.P., Dalrymple, R.W. 

(Eds.), Facies Models 4. Geological Association 

of Canada, St. John’s Newfoundland, pp. 3-18. 

Dunham, R.J. (1962). Classification of carbonate rocks 

according to depositional texture. In:Ham, W.E. 

(Ed.), Classification of Carbonate Rocks. 



Clastic-carbonate Facies, Clay…    Savanna Journal of Basic and Applied Sciences 

34 
 

American Association of Petroleum Geologists, 

Memoir, 1: 108–121. 

Kogbe, C.A. (1976). Paleogeographic history of Nigeria 

from Albian times, in: Geology of Nigeria, 

Kogbe, C.A., (Eds.). Elizabethan Publishers, 

Lagos, Nigeria, pp: 237-252. 

Madhavaraju, J. Ramasamy, S.;hn Ruffell, A.H. and 

Mohan, S.P. (2002). Clay Mineralogy of the 

Late Cretaceous and early Cretaceous Tertiary 

successions of the Cauvery Basin (southern 

India): Implication for sediment source and 

paleoclimates at the K/T boundary.  Cretaceous 

Research. 23: 153-163. 

Nichols, G.J. (2009). Sedimentology and stratigraphy. 

John Wiley and Sons, New York, 452p. 

Nwajide, C.S. (2013). Geology of Nigeria's Sedimentary 

Basins.CSS Bookshops Ltd., Lagos, Nigeria, 

565pp. 

Hardy, R. and Tucker, M. (1988). X-ray powder 

diffraction of sediments. In: Techniques in 

sedimentology (ed. Tucker, M.), pp. 191-228 

(Blackwell Scientific Publication, Oxfords). 

Samaila, N.K. Abubakar, M.B. Dike, E.F.C. and Obaje, 

N.G. (2006). Description of soft-sediment 

deformation structures in the Cretaceous Bima 

Sandstone from the Yola Arm, Northern Benue 

Trough, N.E. Nigeria. Journal of African Earth 

Science 44:66-74 

Sarki Yandoka, B.M. (2015). Sedimentary and organic 

facies characterisation of the Cretaceous 

sequences, Yola Sub-basin, Northern Benue 

Trough, N.E. Nigeria. Unpublished PhD thesis, 

University of Malaya, Malaysia225p 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sarki Yandokaa, B.M. Abdullah, W.H. Abubakar, M.B. 

Johnson, H. Adegoke, K.A. Arabi, A.S. Bata, T. 

Amir Hassan, M.H. Mustapha, K.A. Usman, 

M.B. (2019). Shoreface facies model of 

Cretaceous Jessu Formation, Yola Sub-basin, 

Northern Benue Trough, northeast Nigeria: 

New insights from facies analysis and molecular 

geochemistry. Journal of African Earth 

Sciences 152, 10–22.  

Tucker, M.E. (1985). Shallow-marine carbonate facies 

and facies models. Geological Society, London, 

Special Publications, 18, 147-169. 

Vikulova, M.F. (1964) Effeects of the origin of the Lower 

clays in the western part of the Moscow Basin 

on alteration of their clay minerals. In: Deltaic 

and Shallow Marine Deposits, Elsevier, 

Amsterdam, 417-28. 

Walker, R. and Plint, A.G. (1992). Chapter 12: Wave- and 

storm-dominated shallow Marine systems. 

Facies models, response to sea level change. R. 

J. Walker, N. P. Ontario, Canada. In: Walker, 

R., James, N. (Eds.), Facies Models, Response 

to Sea Level Change, pp. 219-238.  

Zaborski, P.M. Ugodulunwa, F. Idornigie, A. Nnabo, P. 

and Ibe, K. (1997). Stratigraphy and structure of 

the Cretaceous Gongola Basin, Northeast 

Nigeria. Bull. Centre Rech. Epl. Prod., 

21(1):153 – 185 


