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Biostratigraphy And Paleoenvironment Of 
Deposition Of Bima And Gongila Formations In M-

1 Well, Bornu Basin, Northeastern Nigeria. 
 

Ola-Buraimo A. O. 
 

ABSTRACT: Two lithofacies units were delineated in the studied well section. The lower part shows intercalation of shaly gypsum and shale; with 
preponderance of shaly gypsum which has never been attributed to Bima Formation; the thick shale sequence at the upper part represents the Gongila 
Formation characterized by thin intercalated shaly gypsum lying unconformably on Bima Formation. The Bima lithofacies might have been formed as a 
result of various factors such as basinal structure, salinity, ecology, tropical climate and various processes of transportation and sedimentation. Two 
palynozones of Afropollis jardinus assemblage zone 1, characterized by co-occurrence of Forma PO 304 Lawal, Afropollis jardinus, Steevesipollenites 
binodosus, and Hexaporotricolpites emelianovi; dated Albian to Late Cenomanian, belong to Bima Formation; and Cretacaeiporites spp assemblage 
zone ll, characterized by maximum development of Cretacaeiporate pollen - Cretacaeiporites scrabratus, C. mulleri and C. polygonalis are established. 
Other forms diagnostically present are Triorites africaensis, Elaterosporites klaszi, Galeacornea causea, and Gnetaceaepollenites clathratus. The zone 
is dated Late Cenomanian to Turonian age, belonging to Gongila Formation. The paleoenvironment of deposition varies from marginal marine 
environment trough typical marine to marginal marine setting, characterized by peridinacean forms at the base trough presence of microforam lining to 
long processes organic wall organism in the upper part of the section.  
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INTRODUCTION 
Biostratigraphic study through the application of palynology 
as a means of investigating the different formations 
contained the Bornu Basin becomes an important and most 
reliable means of dating sediments in Bornu Basin. The 
basin is located in the northeastern part of Nigeria and 
reported to contain hydrocarbon (Figure 1). Though, in-
house report of some oil producing companies indicated 
that the basin contains oil and gas but might not be able to 
yield in commercial quantity. Therefore, a continuous 
search and understanding of both the lithofacies and 
chronostratigraphic framework of the basin is important. A 
number of workers have studied on the geology and 
stratigraphy of the basin. Amongs the recent study is the 
investigation of Pre-Bima and Bima Formations {[1], [2]}. 
Previous work of [1] dated the Pre-Bima and Bima as 
Albian to Cenomanian; while, [2] independently dated the 
formation as Albian and Cenomanian respectively. Ola-
Buraimo and Oluwajana [2] has as well referred to the Pre-
Bima and Bima Formations as Bima Group. Detail 
lithostratigraphiy and palynostraigraphiy of the formations 
contained in the basin is well documented in the work of [3]. 
However, this particular study is intended to further 
evaluate the lithofacies, relative age and paleoenvironment 
of deposition of Bima and Gongila Formations in the Bornu 
Basin. 
 
 
 
 
 
 
 
 

GEOLOGIC SETTING 
The geology of Bornu Basin has been widely investigated 
by earlier workers such as [4], [5], and [6]. The Formation of 
Bornu Basin was predicated on third failed arm of a triple 
junction formed during the Albian due to opening of the 
South Atlantic {[7], [8]}. Other authors that supported the 
plate tectonic theory include [9], [10], and [11]. The 
stratigraphy of Bornu Basin have been widely studied, 
these include the work of [12], [13], [14], [15], and [11]. The 
biostratigraphic studies in this basin are incomparable to 
other sedimentary basins in Nigeria. Few works did include 
that of [17], [5], [18], [19], [20], [21], [22], [23], [24], [25], and 
[1]. However, few palynological studies were reported from 
the basin, including the work of [12], [1], [2], and [3]. 
Avbovbo [11] suggested six events leading to the evolution 
of the Bornu Basin. These include the period of Pre-Albian, 
Albian –Maastrichtian, Maastrictian-Danian which led to 
cessation and collapse as sub-crustal swells, associated 
with folding, faulting, sedimentation, erosion and volcanism. 
The fifth event was noted for stress redistribution and 
initiation of secondary situation; followed by Tertiary–
Recent event characterized by continental –lacustrine 
sedimentation and volcanism. Bima Formation is the oldest 
stratigraphic unit deposited under continental environment. 
The formation is diachronous and Albian-Turonian age [5]. 
Lithologically, it was described to be poorly sorted, sparsely 
fossiliferous, thickly bedded, cross stratified; sand size 
varies from feldspathic coarse to conglomerate. Avbovbo 
[11] identified marine shale sequence deposited over 
localized conglomerates and poorly sorted alluvial deposits 
lying unconformably on the basement. The distinct 
continental deposit (conglomerate) is termed the Pre-Bima 
dated Albian age [20]. 
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Figure 1: Geological map of Nigeria showing the location of Bornu Basin and the studied well (Modified after Whiteman, 1982 

and Genik, 1993). 
 

METHODOLOGY  
The samples were first arranged serially in order of depth. 
Lithologic description was carried out by looking at the 
sediments under the microscope and by comparing the 
textural parameters with standard monograph plates of 
Western Atlas. Textural features taken into consideration 
include, grain size, shape in term of roundness and 
angularity. Others parameters include sorting, colour, 
lithology, post depositional effect such as ferruginization; 
fossil contents, presence of accessory minerals and effect 
of dilute hydrochloric acid on the samples which depicts the 
presence of carbonate. Palynological slide preparation 
involved selection of samples at 27.4m (90ft) interval where 
present. The sample preparation was carried out following 
the international standard. Lithified samples were crushed 
with the mortar and pestle in order to enhance maximum 
recovery of pollen and spores. The crushed samples along 
with the friable samples were initially treated with dilute 
hydrochloric acid (10%) in order to eliminate carbonate 
substance present in them. They were later soaked in 60% 
hydrofluoric acid for silica and silicates digestion. The 
samples were not oxidized in order to avoid corrosion; but 
were sieved with 5µm mesh in order to maximize 
concentration of miospore grains and to achieve clean 
slides for easy identification and photography. The 
recovered residues were mounted on glass slides with 
Depex (D.P.X.). 
 

RESULTS AND DISCUSSION 
A total of three hundred and twenty nine samples were 
described ranging in depth from 1930-3915m. Two main 
lithologic units made up of shale and heterolith facies of 
shale and gypsum were delineated. Though the gypsum 
content in the heterolith facies varies from depth to depth; 
but characterized the lower part of the stratigraphic section. 
The lithostratigraphy of M-1 well can be described to be the 
intercalation of shale and shaly gypsum/gypsiferous shale. 
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Depth(m) Litho-log Formation                              Description 

1930 

__-___------____-__--____-___--_-
___-__--___-___--__---___-___-----
____--____---___---___-----_____----
--____----___--___--____------___---
____-----____---___Gp__-__Gp-
___--___------____--------____------
_____---____------_---____------
_____------___------______------
______---____---___---_____---
____--____-------____-----___--___---
---____---____------____---____--
___-------____---___-----___-----___--
----____--------___----___----___--__--
-----__--------___--_---__------___----
___-----____-------__-----__-----___---
--__----____----___-----___-------
____-----__-----___------___--------_-
____-----___-------____------___----
___-----____----__---------___----___--
--____-------___-----___----___----
___--------__---__-------___----___--
___-------____----___-----___-----
____------____----____-------____-----
-____-------____-------___------___----
___----____----___-- 

GONGILA 
Black fissile shale, rarely 
ferruginised andcalcareous in 
nature 

3280 
 
 
 
 
 
 
3505 

__GP------____----_Gp___------------
______----------___---____Gp--__----
--_____----_Gp--____--____------
___Gp-_--_-----__-—__----__Gp--_--
_-_--_--_--_--_-_--_------_--_--_---Gp-
_---_-_------_--_-----_--_--- 

BIMA 

Fairly thick milky to black shaly 
gypsum 

3695 
__-----____-------____--------_____----
____-----_____-----___-----_____-----
__ 

Black fissile shale, slightly 
ferruginised and calcareous 

3875 

____Gp__-----________---___------
____Gp--___-_-____---___-___----
___-___G-p__-----____--___--_-_--
__Gp____-___---_-----_-_-_--_--_--_-
- 

Thickly bedded, milky to black 
shaly gypsum units separated by 
thin shale facies. 

 
--___-___-----_----_-_-_--_--__---_--_-
-_- 

3550 
 
 
 
 
3915 

_Gp_------__---___--___-----__----__-
-------_----__Gp-------__--_--_--__--
__----_--_Gp--__---__----_--_--_--_--
_--_--_----- 

 
Figure 2: Generalised litholog, lithofacies and delineated conformable boundary of Bima andGongila Formations in M-1 well, 

Bornu Basin, Nigeria (Not to scale) 
 

Lithologic Unit 1 (Shaly gypsum/Gypsiferous shale) 
The lithologic unit 1 is composed of heterolith of gypsum 
and shale. It can be described to be intercalated at different 
intervals with shale sequence. The gypsum content tends to 
increase upward. The facies is black fissile shaly gypsum 
with gypsum /shale ratio (gp/sh=80/20 %) of 80:20 %. 
However, at few instances is the occurrence of dark grey 
fissile gypsiferous shale (gp/sh=20/80%). The gypsum is 
milky coloured and has no reaction with acid test. The 

intervals at which the dominant shaly gypsum occurred are 
2880-3915m, 3695-3875m and 3280-3505m. The intervals 
are suggested to have been deposited in a marginal marine 
setting probably in a ramp coastal geomorphological 
structure that gave room for precipitation and chemical 
development of gypsum under adequate salinity, ph, eh, 
and Tropical climatic condition of high temperature not less 
than 32

0
C. The lithostratigraphic sequence 1 is equivalent 

biostratigraphycally to Bima Formation dated Albian to 
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Cenomanian in this study. However, the lithogical 
description observed in this study has never been reported 
in literature. Thus, for the first time apart from Gongila and 
Fika Formations that were reported to contain gypsum 
facies [5], such character is here associated with Bima 
Formation. Besides, coarse sandstone and conglomeratic 
nature that defines Bima Formation as described by the 
works of [18] and [11] are not present in this well which is 
one of the deepest wells drilled so far in the basin. This 
shows that the shaly gypsum probably lie uncomformably 
on the crystalline Precambrian basement rock. Therefore, 
the evolution of the basin from the perspective of the 
lithofacies sedimentation may agree with other workers 
assertion that the Bornu Basin was formed as a result of the 
separation of the Gondwana land resulting to rifting. 
Avbovbo [11] suggestion of the merging of the 
Mediterranean sea from the north and Atlantic ocean from 
the south agree with our idea. Thus, the paleoenvironment 
of deposition is suggested to be marginal marine setting as 
a result of the presence of evaporite (Gypsum) and 
peridinacean forms which are Tethyl in nature. Therefore, 
the diverse lithofacies of Bima Formation suggest 
accumulation of the sediments under varying conditions 
such basinal structure, climate, ecology, transportation and 
sedimentational processes. 
 

Lithologic Unit 2 (Shale) 
The lithology unit 2 is composed of shale. The shale 
sequences are black, and fissile in nature with variable 
degree of post depositional diagenetic effects 
(ferruginization). Some horizons are slightly ferruginised 
while others are calcareous in nature. Mineral components 
that are less than 1% constitute accessory minerals which 
include calcite, haematite, and muscovite. This facies 
occurred at various intervals- 1930-3280m, 3505-3695m, 
and 3875-3895m. The shale units are intercalated with the 
heterogenous shaly gypsum/ gypsiferous shale. The shale 
units increase in thickness upward; attaining the greatest 
thickness of 1350m and smallest unit of 20m within the 
stratigraphic section analyzed for this research. The black 
fissile shale is suggested to have been deposited in a 
marginal marine setting based on palynological inferences. 
The upper part of the lithologic unit 2 with interval 1930-
3280m is suggested to belong to Gongila Formation, 
characterized by dominance of shale and thin interval 
(2055-2060m) of gypsum. In M-1 well, Gongila Formation 
shows an unconformable relation with the underlying older 
Bima Formation. The interval is dated Late Cenomanian to 
Turonian on the basis of pollen and spores from this 
research work. 
 

Palynology 
Microfloral assemblage at different intervals within the 
interval of 2025-3920m of M-1 well were analysed for 
palynoforal content. Palynomorph recovery in this well is 
generally moderate while few intervals are poor and interval 
2115-2120m is barren of fossils. Biostratigraphically, the 
erection of palynozone is dependent on the observation of 
evolution and extinction of marker forms which are 
described to have short stratigraphic geologic age range 
and wide geographic extent. In this study, two 
palynonological zones belonging to Afropollis jardinus 
assemblage zone and Cretacaeiporites spp assemblage 

zone are established, modified after the work of [25] and 
[26]. The detail of the palynozonation and the 
chronostratigraphy of the investigated interval is given 
below: 
 

Depth: 3190-3920m 

 

Zone: Afropollis jardinus assemblage zone 1  

 

Age: Albian – Late Cenomanian 

 

Characteristics: The base of the interval (3915-3920m) is 

marked by the co-occurrence of Forma PO 304 Lawal, 
Afropollis jardinus, Steevesipolenites binodosus, 
Cretacaeiporites mulleri and Cyathidites sp. The two forms 
that principally define this zone – Forma PO 304 Lawal and 
Afropollis jardinus are both present at this interval. The 
interval contains relatively moderate to poor amount of 
palynomorphs. The interval is characterized by the 
assemblage of Araucariacites sp, Tricolporopolenites sp, 
Monosulcites sp, Classopollis brasiliensis,, Ephedripites 
multicostatus and Cretacaeiporites sp. Others microfloral 
present are Cretacaeiporate pollen such as 
Cretacaeiporites scrabratus, C. mulleri, C. polygonalis, 
Galeacornea causea, Liliacidites sp,, Triorites africaensis, 
and Hexaporotricolpites emelianovi. The top of the interval 
is marked by the last appearance of Forma PO 304 Lawal, 
and Afropollis jardinus. However, there is continuous 
occurrence of Cretacaeporate pollen, Classopollis 
brasiliensis, Tricolporopollenites sp, and Monosulcites sp. 
New form that appeared at top interval (3195-3120m) is 
Elaterosporites klaszi. The interval is dated Albian to Late 
Cenomanian on the basis of co-occurrence of Forma PO 
304 Lawal, Afropollis jardinus, Gnetaceaepollenites 
clathratus and Steevesipollenites binodosus which are 
restricted within this zone this assemblage is similar to 
forms reported in the work of [25], [26], [1] and [3]. 
 

Depth: 2025-3195m 

 

Zone: Cretacaeiporites spp assemblage zone ll 

 

Age: Late Cenomanian – Turonian 

 

Characteristics: The interval shows paucity of 

palynomorphs. The base of the interval coincides with the 
top of the older underlying zone 1. It is characterized by the 
extinction of Afropollis jardinus and Forma Po 304 Lawal. It 
is further characterized by the appearance of 
Elaterosporites klaszi; continuous occurrence and 
maximum development of Cretacaeiporate pollen such as 
Cretacaeiporites scabratus, C. mulleri and C. polygonalis. 
The near base at 3105-3110m shows diversity of the 
Cretacaeiporate pollen including  Cretacaeiporites 
polygonalis, C. scrabratus and C. mulleri. Other forms 
present are Classopillie brasiliensis, Steevesipollenites sp, 
Ephedripites multicostatus and Tricolpites sp. The interval 
contains other miospores such as Galeacornea sp, 
Tricolporopollenites sp, Cyathidites sp, Triorites sp, 
Peromonolites perireticulatus, Zlivisporites blanensis and 
Monosulcites sp. Miospores that show continuous 
occurrence apart from Cretacaeiporate pollen are 
Peromonolites perireticulatus, Zlivisporites blanensis, 
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Monosulcites sp and Tricolporopollenites sp. The top of the 
interval is defined by co-occurrence of Gnetaceaepollenites 
clathratus, Tricolporopollenites sp, Tricolpites sp and 
Cyathidites sp. The uppermost part of the interval shows 
non-appearance of Cretacaeiporites spp which shows that 
Cretacaeiporate pollen probably disappear in this zone. 
However, the presence of Gnetaceaepollenites clathratus 
suggests Turonian age as indicated in the work of [27]. 
 

Paleoenvironment of Deposition 
The paleoenvironment of deposition of the sediments in the 
stratigraphic section (1930-3920m) is inferred from both 
palynomorph content and the type of lithofacies contained 
in the well section. Two different environments of deposition 
are established. They vary from the base at 3920m from 
marginal marine through marine to marginal marine setting 
at the upper part. Thus, the Bima Formation was deposited 
by marine transgression during the Albian due to rifting that 
resulted from the opening of Gondwana land (due to 
separation of the Africa and South America plates). The 
incursion of both Mediterranean seas in the north and 
Atlantic Ocean in the south resulted to shallow marine 
environmental sedimentation. The lithofacies deposit as at 
Albian time was shaly gypsum which overlie the crystalline 
basement rock. Fundamentally, evaporate deposits are 
usually associated with shallow water depth, favoured by 
dry climate, low salinity and very gentle basinal slope. 
Palynomorphs that characterize the interval (3200-3470m, 
3650-3920m) are Senegalinium sp, Batiacasphaera and 
Phelodinium bolonienae. These organic wall organisms are 
known to be associated with marginal marine setting [28] 
and [29]. The intercalated shale unit within the Bima 
Formation is shaly in nature and deposited in a deeper 
marine environment. The interval (3470-3655m) contains 
more dinoflagellate cysts and associated microforaminiferal 
wall linings which are suggestive of relatively deeper marine 
water. The thick shale sequence (1930-3200m) present at 
the upper part of the well section represents the Gongila 
Formation. It is characterized by the presence of 
peridinaceans and devoid of foram lining test which suggest 
marginal marine deposit. It is suggested that the deposition 
of sediments of the formations in the same environment 
may be responsible for the lithofacies conformable 
relationship present between Bima Group and Gongila 
Formation.  
 

CONCLUSION 
The lithostratigraphy of Bima Formation is found to contain 
intercalation of shaly gypsum and shale facies while the 
Gongila Formation is mainly of black fissile shale. The two 
formations have a lithofacies conformable relationship. The 
Bima Group is dated Albian to Late Cenomanian based on 
the co-occurrence of Forma PO 304 Lawal, Afropollis 
jardinus and Steevesipollinites binodosus; while Gongila 
Formation is dated Late Cenomanian to Turonian on the 
basis of co-occurrence of Cretaceaeiporites spp, 
Galeacornea sp, triorites sp, Peromonolites perireticulatus, 

Gnetaceaepollenites clathratus and Zlivisporites blanensis. 
The two formations were deposited in marginal marine 
environment. 
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PLATE 1 
1 Forma PO Lawal 
2,3 Afropollis jardinus 
4 Cretacaeiporites mulleri 
5 Forma PO Lawal 
6 Steevesipollenites binodosus 
7 Cyathidites sp 
8 Classopollis sp 
9 Ephedripites sp 
10 Tricolpites sp 
11 Steevesipollenites sp 
12 Cretacaeiporites scrabratus 
 
All magnification at ×400                                            PLATE 1 
 

                                                                                                                                                              
                          

 
           1                                                 2                                          3                                     4                                  

 
                                                                                                                                        

                 
 

                   5                                 6                                      7                                                           8 
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PLATE 2 
1 Triorites africaensis 
2 Cyathidites sp 
3,4 Cretacaeiporites polygonalis 
5 Cretacaeiporites sp 
6 Triorites africaensis 
7 Galeacornea causea 
8 Tricolpites sp 
9 Inaperturopollenites sp 
10 Batiacasphaera sp 
11 Triorites sp 
12 Microforaminiferal wall lining 
13 Elaterosporites klaszi 
14 Araucariacites sp 
15 Phelodinium bolonienae 
16 Monosulcites sp 
17 Zlivisporites blanensis 
 
All magnification at ×400                                           PLATE 2 
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                5                                6                                 7                                        8                                 9 
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