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ABSTRACT 
Lithofacies and palynofacies studies was conducted on the Late Cenomanian to Early 
Turonian sediments of Dukul Formation from the Yola Sub
Trough, northeastern Nigeria. This is with the aim to determine 
environment of the studied sediments. Based on lithofacies analysis, three (3) facies 
were identified; shale, mudstone and limestone lithofacies. The sediments were 
inferred to have been deposited in shallow marine (shelf) environment
mean fair-weather wave base (FWWB). Palynofacies analysis also suggest a distal 
oxic-dysoxic to relatively anoxic shelf environmentthat was responsible for the 
deposition of the sediments. This is in agreement with the shallow marine depositiona
environment as shown from lithofacies. The
due to the sea-level drop of the continental shelf. 
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INTRODUCTION 
The Benue Trough is an intra-continental rift 

sedimentary basin (Sarki Yandoka et al., 2014; 
Abubakar, 2014). The Northern Benue Trough 
divided into the Gongola and Yola Sub

(Fig. 1). The sedimentsconsist 
sandstones, shales and limestones. The 

sediments were deposited incontinental to
coastal -shallow marine depositional complexes

ranging in age from Cretaceous to Tertiary

association with Tertiary volcanic plugs
(Nwajide, 2013; Carter et al., 1963; Abubakar, 

Figure 1: Generalised geological map of Nigeria showing the location of the study area 

(slightly modified after Abubakar
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Facies studies was conducted onthe continental 
to coastal shallow-marine Cretaceous 

successions of the Yola Sub-basin (e.g. Carter et 

al., 1963; Abubakar, 2014; Sarki Yandoka, 2015; 
Tukur et al., 2015; Sarki Yandoka et al., 2019 

and among many others). However, studies 
related to lithofacies and palynofacies on the 

these sediments is lacking. The current study 

present the lithofacies and palynofaciesof the 
Late Cenomanian-Early Turonian sediments of 

Yola Sub-basin. This is with an objective ofre-
interpreting the paleodepositional environment 

of the successions which could be used for 
future studies related to sequence stratigraphic 

and tectonostratigraphic reconstruction of the 

Northern Benue Trough.  
2. Geology  
The Nigerian Benue Trough was formed during 
the Early Cretaceous rifting and strike-slip 

faulting or movement of the Central West 

African Basement Complex (Carter et al., 1963; 
Abubakar, 2014; Benkhelil, 1983; 1989). Authors 

such Grant (1971), Kogbe (1976), Benkhelil 
(1989) and many others suggested rifting and 

strike-slip fault as the basis for the evolution of 
the Benue Trough. The most widely acceptable 

evolutionary model for Benue Trough is that of 

Grant, (1971). The Benue Trough 
trendsnortheast-southwest for about 1000 km in 

length and about 150 km average in its width. It 
is bounded by Niger Delta Basin at the southern 

end of the trough and the Chad (Bornu) Basin in 

the northern end. The trough contains thick 
Cretaceous-Cenozoic sedimentary profile for up 

to 6000 m associated with volcanics.  
Based on geographical view, the Benue Trough 

is divided into Southern (Lower), Central 

(Middle) and Northern (Upper) benue basins 
(Zaborski, et al., 1997; Nwajide, 2013; Sarki 

Yandoka et al., 2014; Sarki Yandoka, 2015). The 
Northern or Upper Benue Trough consist of the 

N-S trending Gongola Sub-basin and E-W 
trending Yola Sub-basin. The geology and 

stratigraphy of the Northern Benue Trough were 

described in detail by earlier workers such as 
Carter et al., (1963), Abubakar, (2014), Sarki 

Yandoka et al., (2014), Ojo and Akande (2000), 
Sarki Yandoka, (2015) and among many others. 

The stratigraphic succession of the Yola Sub-

basin  (Fig. 2) comprises ofthe ?Berremian-
Aptian to Albian continental sediments of Bima 

Formation. The Bima Formationconsist of mainly 
cobbles, gravels, sandstones and shales/clays. 

Recent authors (e.g. Sarki Yandoka, 2015; Tukur 
et al., 2015) sub-divided into two members; 

Lower Bima (B1) and Upper Bima (B2) 

members.  
The Bima Formation is overlying by the 
Cenomanian transitional coastal and shallow 
marine sediments of Yolde Formation. The 

Cenomanian Yolde Formation consists of 

sandstones, clays and occasionally calcereous 
materials (Sarki Yandoka et al., 2015). The 

sediments were succeeded by the marine Late 
Cenomanina – Turonian – Coniacian sequences 

of the Dukul, Jessu and Sekuliye Formations and 
Numanha Shales (Sarki Yandoka et al., 2019). 

These shallow marine sediments are the lateral 

equivalents of Pindiga and Gongila Formations in 
the Gongola Sub-basin (Abubakar, 2014). The 

Lamja Formation is a delta sequences and it 
overlies the Numanha Shales and marked the 

end of sedimentation in the Yola Sub-basin (Fig. 

2). The Dukul Formation generally consists of 
bedded shales and fossiliferous limestone 

(Carter et al., 1963). The formation was dated 
as Early to basal Middle Turonian based on 

evidences of ammonites. Based on microfaunal 

assemblage, the formation was interpreted as 
deposition in littoral to open marine shelf 

environments (Ojo and Akande, 2000).
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Figure 2: Stratigraphic succession of the Northern Benue Trough (after Abubakar, 2014) 
 

MATERIALS AND METHODS 
Fieldwork was conducted on the exposed 

sediments of Dukul Formation in the Yola Sub-

basin. Outcrops were logged  (Fig. 3) and 
described for facies studies. Sedimentary 
features, color, textural, trace or body fossils 
and thicknesses of beds were studied. The 

identified sedimentological features allows 
forlithofacies analysis. A total of ten (10) shale 

samples were collected within the 

lithostratigraphic sections. The shale samples 
were grinded to fine powder using mortar and 

pestle. About 20g of each sample was used for 
acid treatment using a diluted 95% HF 

concentration to remove silicates and later, 10% 
of HCl to remove the carbonates. The residue 

was decant until Ph is equal to 7. The isolated 

kerogen was separated from the remaining 
samples using a mixture of zinc bromide (ZnBr2) 
and later, was washed with distilled water for 
seven times and the residue was kept in oven 

for slide preparation. Palynofacies slides were 
prepared from the remaining residue after 

drying. The slides were placed on hotplate using 

Aldrich Canada balsam and were studied using 
the Leica DM 6000M transmitted light 

microscope (X20 objective) in the Department of 
Geology, University of Malaya, Malaysia.  
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Figure 3: Lithostratigraphic sections of the Dukul Formation based on this study 

 
RESULTS AND DISCUSSIONS 

The lithofacies interpretations 
The sediments identified in the study areas 

composed of mainly sandstones, siltstones, clays 

and shales and are widely distributed in all the 
logged sections. Following the method of 

modern day sedimentary facies analysis (e.g. 
Tucker, 1985; Miall, 1996; Dalrymple, 2010; 

Nichols, 2009; Walker, 1984; Walker and Plint, 
1992; Anan, 2014), the studied sections consists 
of three lithofacies: shale (GS), mudstone (GM) 

and limestone (FL) facies.  
(i) Clay-Shale facies (GS) 
This facies consists of mainly shale units as the 
main lithology among all the identified silicilastic 

lithofacies (Fig. 4). The shale facies varies in 

color from grey, black, greyish yellow, 

gypsiferous, calcareous, occasionally glauconitic 
and perhaps fossiliferous in nature. It has a 

thickness of about 4-6 m and laterally traceable 

up to 30 meters. It is interbedded with 
fossiliferous limestone facies. Bioturbations are 

generally uncommon. The GS facies is 
interpreted as deposition in a low-energy 

environment under very low rate of 
sedimentation and low storms activity.  
Similar facies were interpreted as deposits form 

due to suspension in the absence of wave and 
current structures (Nichols, 2009; Anan, 2014). 

Minor gypsiferous appearance may also suggest 
arid climatic conditions during deposition. 

124 



BAJOPAS Volume 13 Number 1, June, 2020 

(ii) Mudstone facies (GM) 
This facies consists of mudstone that is light-

greyto grey in color and sometimes brownish 

(Fig. 4). The mudstone is generally intercalated 
with sandstone and siltstones that are 

calcareous and perhaps, glauconitic in nature. 
The facies has a thickness ranging from 0.7 – 
2.5 m and is laterally extensive.The mudstone 

facies is also interbedded with the fossiliferous 
limestone (carbonate) facies with well developed 

syntaxial calcite growth. Body fossils are rare but 
they some are found as sparse fragments within 

the logged sections.  The facies is interpreted as 
deposits by the suspended sedimentationand 

low-energy currents in a relatively shallow 

marine or shelf setting accumulated under the 
fair-weather wave base perhaps, above the 

storm wave base (Walker and Plint, 1992; Plint, 
2010).  

(iii) Fossiliferous limestone  facies (FL) 
The limestone facies range in color from grey to 

light brownish-grey consisting wackestone, 

packestone and mudstone with a thickness 
ranging from 3.5 - 7 m or even more (Fig. 4). 

The upper and lower contacts of this facies is 
erosional or perhaps, brecciated interbedded 
with shale (GS) and mudstone (GM) lithofacies. 

Macrofossils range in sparse to relatively 
abundant including Brachiopods, Bivalves, 
Foraminifera and Ostracods (Figs. 3 and 4).This 
facies is interpreted as deposit that formed in a 

low-energy shallow marine shelf or ramp 
depositional setting (e.g.Bauer, 2002). The 

appearance of brecciations, mud matrix, 

glauconitic tint, faunal abundance may perhaps 
suggests a shallow water depositional 

environment that formed below the fair weather 
wave base (Plint, 2010; Anan, 2014).

  

 

 
Figure 4: Field photographs depicting the facies; (i) fossiliferous limestone, (ii) 

fossiliferous limestone and mudstone, (iii) fossiliferous limestone and clay/shale and (iv) 
fossiliferous limestone and macrofossils 

 

The palynofacies interpretations 
Palynofacies of isolated kerogen was conducted 

using fluorescence and transmitted lights 
microscopy with an objective of determining the 

abundance of three major kerogen groups: AOM 
(amorphous organic matter), Ph (phytoclasts) 

(Ph) and PAL (palynomorphs). 

(i) Palynofacies A: Phytoclast group 
This composed of woody tissue and cuticles 

which are generally derived from higher plants 

from terrestrial environments (e.g. Tissot and 
Welte, 1978, 1984; Tyson, 1993, 1995). From 

the studied samples, the phytoclast includes 
translucent non-biostructured and translucent 

banded biostructured that ranges from 12 – 
15%  (Fig. 5). Some of the phytoclast are dark 

in color. This could be due to high thermal 

maturity experienced by the samples.  
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Figure 5: Photomicrographs of palynofacies showing amorphous organic matter (Am), 

phytoclast (Ph) and palynomorphs (P) 
 

(ii) Palynofacies B: Amorphous organic 
matter group 

This composed of amorphous organic matter 

derived from bacteria, phytoplankton and 
remnants or products of resins and tissues 

(Tyson, 1995). The phytoplanktons composed of 
heterogeneous or homogeneous particles and 

perhaps, structureless. From the analysed 

samples, the amorphous organic matteris higher 
in concentration in the range 79 – 84% (Fig. 5). 

It shows abundant terrestrial materials and weak 
fluorescence under microscopy.More so, some of 

the samples are organically lean due to high 

thermal alteration. 
(iii) Palynofacies C: Palynomorphs group 
This composed of palynomorphs showing highly 
degreded trilobete and monolete spores. They 

are less abundant (Fig. 5) and their ratios 
ranges from 6 – 7%. Most of the studied 

samples are highly degraded and shows weak to 

non-fluorescence under microscopy. The 
palynomorphs are found to be present in very 
low concentration.   
Depositional setting 
Lithofacies investigation allows interpretation of 

the facies succession (a mega-depositional 
environment) as shallow marine (shelf). Based 

on clasticity index and facies characteristics, the 

energy of deposition was determined. Authors 
such as Carter et al. (1963) Genik, (1993), 
Guiraud, (1993) Sarki Yandoka et al. (2014) and 

many others reported that during the 
Cenomanian, major marine transgression 

affected the entire Benue Trough. The 
transgression also matched with the regional 

and global sea-level rise (Anan, 2014; Haq et al., 

1987). The Cenomanian marine transgression in 
the Benue Trough was responsiblefor deposition 

of the transitional Yolde Formationconformably 
on the continental Bima Formation.  

This study therefore, suggests that as the 

transgression progresses, sediments e.g. 
siltstones, clay/shales, mudstone and limestone 

with fossils e.g. brachiopods, corals, oysters, 
ostracod, ammonites, foraminifera and bivalves 

prevailed as "Limestone-Shale Series" of the 
Dukul Formation. Further sequences were 

represented by the brief regressive shoreface of 

Jessu Formation (Sarki Yandoka et al., 2019). 
The shallow marine facies of the Cenomanian 
Yolde Formation gradually transformed into a 
carbonate dominated environment (Fig. 6), most 

probably due to the relative sea-level rise which 

continued resulting in the development of a 
deeply entrenched carbonate shallow marine 

shelf environment of the Dukul Formation. 
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Figure 6: Coastal-shallow marine sequences of Yola Sub-basin showing the Yolde and 

Dukul formations deposited during Rifting Phase II  
 

CONCLUSIONS 
Lithofacies and palynofacies investigation of the 
Cretaceous sequences of Dukul Formation from 

Yola Sub-basin of the Northern Benue Trough 
northeastern Nigeriahas shown that the 

sediments were deposited in shallow marine 
(shelf) environment. This study also confirm that 

the coastal-shallow marine Cenomanian Yolde 

Formation had gradually transformed into a 
carbonate dominated setting due to the relative 

rise in sea-level which results in the 
development of carbonates of the Dukul 
Formation. Palynofacies indicate distal oxic-

dysoxic to relatively anoxic shelf environment 
which is in agreement with shallow marine 

(shelf)  environment. The presence of marine 
palynomorphs indicates distal dysoxic shelf 

environment whilst non-opaque phytoclast 

suggests distal dysoxic environment.
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