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Abstract: The palynology of Bima Formation covering interval of 2900m to 3620m was studied with the view
of determining the age and paleoenvironment of deposition of the sediments. The sequence (3620m-2900m)
belongs to Afropollis jardinus assemblage zone characterised by co-occurrence of Afropollis jardinus,
Classopollis brasiliensis, Forma PO 304 Lawal, Cretacaeiporites mulleri, Monosulcites sp. and Triorites
africaensis. Other flora that that are stratigraphically important present in the interval include Elaterosporites
klazii, Cretacaeiporite polygonalis, C. Mulleri, Galeacornea clavis, Liliacidites peroreticulatus,
Hexaporotricolpites emelianovi and Ephedripites multicostatus. The Bima Formation is here dated Albian to
Lower Cenomanian age based on the co-occurrence of these miospores. The paleoenvironment of deposition
was deduced to vary with the lithologic facies. Also the basal unit is continental in nature and contains paucity
of palynomorphs; the marginal marine system is characterized by diagnostic assemblage of dinoflagellate cysts
such as Senegalinium bicavatum, Senegalinium sp, Batiacasphaera sp. and microforaminiferal wall lining while
the upper sequence is devoid of organic wall microplankton. 
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INTRODUCTION Geology of the Study Area: The earliest study of the

Geological investigation of Bornu Basin has geological  survey  of   northern   Nigeria  and
continued  to  attract  geologists’ attention of recent. investigation   of   the   water   potentials   of  sediments
Many researchers have investigated both the [4],  describe  the  geographical  extent  of  the  basin  and
sedimentology and biostratigraphy of the basin [1, 2]. The the  area  extent  of  the  Nigerian  part   of   the  Chad
lithology that constitute the Bima Formation, though Basin (Figure 1). While Barber, [5] investigated the
usually described as Bima sandstone was described to be hydrogeology of the basin; Wright [6] and Burke and
diachronous, poorly sorted, sparcely fossiliferous, thickly others [7] agreed on the plate tectonic origin of the Chad
bedded, cross stratified to coarse grain feldspathic Basin and regarded it as a third and failed arm of a tripple
sandstones and conglomeratic in nature, dated Albian- junction which was formed during the Albian time as a
Turonian [3]. result  of  opening  of  the  South  Atlantic.  Other  authors

The purpose of this work is to verify the age of the [2, 8-14] also supported the plate tectonic concept as the
oldest sediment in the Bornu Basin which uncomformably origin of the basin.
overlies the basement. The Bima Formation, thought, by Amongst earlier workers that worked on the
earlier workers to be dichronous and Albian to Turonian stratigraphy of Bornu Basin [1] dated the Kerrikerri
in age is investigated here from palynology perspective. Formation based on palynological tool and gave a
However, the environment of deposition, which was preliminary estimate of sediment thickness in the Bornu
considered strictly continental, is also evaluated by the Basin to be greater than 2km. An unconformity
integration of both palynological and sedimentological relationship exists between the Kerrikerri and Gombe
inferences. Formations [1, 15,16].

Bornu Basin was carried out for reconnaissance
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Fig. 1: Geological map of Nigeria showing the location of Bornu Basin and the studied well (modified after Whiteman,
1982 and Genik, 1993)

The geology of Bornu Basin is often been linked with palynological attributes, as well logged for textural
that of Benue Trough by many authors. The merging of parameters (that is, sediment type, grain sizes, roundness,
the south Atlantic and Sahara seas through the Benue sorting and post depositional diagenetic effect). The
Trough and Chad Basin respectively during the Turonian samples were separated into two parts; a part was logged
has been suggested [1, 7 ]. in the sedimentological laboratory while the other part

The biostratigraphic study of the stratigraphic was thoroughly washed with distilled water through a
succession of Bornu Basin Cretaceous sediments 10µm polyester sieve to remove drilling mud contaminants
attracted few researches compared to other sedimentary and then dried for 24 hours at 50°C for palynological
basins in Nigeria such as Niger delta, Lower and Upper analysis.
Benue Trough and Dahomey Basin. The few Ten (10) grams of each sample were digested with
biostratigraphic studies did include that of Avbovbo, 10% HCL to remove CaCO  It was later digested with40%
Petters and Wright [1,2,6,7,17]. hydrofluoric acid (HF) for 24hrs to remove silica. The

MATERIALS AND METHODS oxidized in Schulze solution (mixture of nitric acid and

One  hundred  and  forty  (140)  ditch   cutting potassium hydroxide and centrifuged. The aliquotus were
samples were used for this study and the sampling of the dispersed with polyvinyl alcohol, dried and then mounted
well was done at 5m interval.Twenty ditch-cutting in DPX mountant. The biostratigraphic study involved the
samples within the depth range from 2900m at the top to analysis of pollen, spores, dinoflagellates and algae for
3200m at the bottom were prepared and analysed for chronostratigraphic biozonation.

3.

content was sieve-washed (10µm) with water and later

potassium chlorate) for 30minutes, washed with 10%
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RESULTS Lithologic   unit    III (3510m-3620m)    is   composed

Lithology: Lithologic description was done using the
binocular microscope by comparing the sediment
characteristics with the standard comparative chart of
Western Altas International Core Laboratories.
Representative samples of the stratigraphic interval
considered for this research were as well subjected to acid
test by using 10% dilute hydrochloric acid in order to
determine the presence of calcareous materials.

These sediments are from an exploratory Tuma-1 well,
located in the northeastern part of Bornu Basin in Nigeria.
The formation is substantially thick in depth of about
1720m.

Three lithologic units identified are shale, sand and
shaly sand.

Lithologic unit 1 was found to be composed of light
grey shale, clay laminae and shows no effervescence. The
environment of deposition of this lithologic unit was
deduced to be lacustrine environment. Also lithologic unit
II is predominantly composed of sandstone, fine to
granule in size, angular to rounded, moderate sorting and
moderate porosity, feruginised and strongly associated
with rootling. It is rarely intercalated with thin shale beds.
The upper part of the sandstone body shows an upward
coarsening sequence (3310m-3230m) compared to the
underlying massive sandstone bed. The associated
characteristics suggest a sandstone body deposited in a
fluvial environment (Fig. 2).

of   heterolithic   sand   varying   from   sand,  shale,
gypsum   to   clay.   The   sandstone   has   the  same
textural properties to the massive sandstone body
overlying   it.   The   shale   is   dark   grey   in  colour,
fissile  and  moderately  associated  with  about 30%
gypsum   content.   However,   the   deepest   sediment
that  probably  overly  the  basement  is   sandy  with
minor clay (15%) content. Grain sizes vary from fine to
granule, angular to rounded and generally moderately
sorted.

Palynology:   The   palynological   result  presented
(Figure 3  and  Plate  1)  shows  the  abundance and
diversity   of   palynomorphs   in   order   of  occurrence
from top to the bottom of the interval. The pollen, spores,
algae, fungal and dinoflagellate cysts recovered are well
preserved; while the abundance and diversity is low to
moderately rich in recovery.

One major palynozone is established for the
stratigraphic interval under consideration and it is
equivalent to Bima Formation. The zone erected is after
the work of Lawal and Moullade, [18] and correlated with
other palynomorph assemblages found in West Africa
and South American sedimentary basins. The major
assemblage zone established is Afropollis jardinus
Assemblage Zone. The basis of characterisation is given
below:

Fig. 2: Lithologic Units of Tuma-1 well (2900m-3620m)
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Fig. 3: Distribution chart of important palynomorphs, Tuma-1 well Bornu Basin Nigeria

Zone: Afropollis jardinus Assemblage Zone within the stratigraphic interval is relatively low compared

Interval: 3620m-2900m The stratigraphic interval is generally marked by the

Age: Albian-Cenomanian 304 [19], fairly continuous occurrence of Triorites

Characteristics: The lower limit of this zone may not be brasiliensis and Inaperturopollenites sp (Fig. 3). Other
present in the interval studied. It is however, tentatively forms that are stratigraphically important but with rare
placed at the base of the well where some of the important occurrence are Elaterosporites klaszii of Lawal and
species of the zone such as Afropollis jardinus, Moullade, 1986, occurs only at the top of interval,
Classopollis brasiliensis, Forma PO 304 Lawal, Galeacornea clavis and G. stoveri also occur rarely at
Monosulcites sp., Cretacaeiporites mulleri and Triorites near top and mid-part of the interval. Hexaporotricolpites
africaensis are present. emelianovi has its first appearance (FAD) at the near base

The top of the Zone is characterised by the co- (3575m-3600m) and at the near top (3230m-3260m). 
occurrence of Afropollis jardinus, Forma PO 304, However, Ephedripites multicostatus appeared only
Elaterosporites klaszii, Cretacaeiporites polygonalis once at the near base of interval 3545m-3565m. The fossil
and Monosulcites sp. Other microflora present is Triorites assemblages that characterise the Afropollis jardinus
africaensis, Tricolpites sp, Cretacaeiporites scabratus, Zone are Afropollis jardinus, Forma PO. 304 [19],
C. mulleri and Cyathidites sp. In term of palynomorph Elaterosporites klaszii, Cretacaeiporites polygonalis, C.
population and diversity, the microflora recovered in the scabratus, C. mulleri, Classopollis brasiliensis,
lower (3570m-3620m) and upper units (3180m-2900m) Hexaporotricolpites emelianovi and Galeacornea clavis.

to the middle section of the interval (3200m-3510m).

continuous occurrence of Afropollis jardinus, Forma PO

africaensis, Cretacaeiporites scabratus, Classopollis
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Plate 1:
1. Triorites sp. x 800
2. Triorites sp. x 800
3. Triorites africaensis Jardiné and Magloire, 1965 x 800
4. Triorites africaensis Jardiné and Magloire, 1965 x 800
5. Afropollis jardinus (Brenner) Doyle et al. 1982 x 800
6. Afropollis jardinus (Brenner) Doyle et al. 1982 x 800
7. Afropollis jardinus (Brenner) Doyle et al. 1982 x 800
8. Forma P.O. 304 Lawal, Lawal and Moullade, 1986 x 800
9. Cretacaeiporites mulleri Herngreen,1973 x 800
10. Cretacaeiporites polygonalis (Jardiné and Magloire)

Herngreen,1973 x 800
11. Cretacaeiporites polygonalis (Jardiné and Magloire)

Herngreen,1973 x 800
12. Cretacaeiporites polygonalis (Jardiné and Magloire)

Herngreen,1973 x 800
13. Monocolpollenites sphaeroides Jardiné and Magloire, 1965 x 800

14. Hexaporotricolpites muelleri Herngreen, 1975 x 800
15. Indeterminate.
16. Inaperturopollenites sp. x 800 
17. Cretacaeiporites scabratus Herngreen, 1973 x 800
18. Araucariacites australis Cookson, 1947 x 800
19. Cyathidites sp. Cookson, 1947 x 400
20. Galeacornea clavis Stover, 1963 x 400
21-22 Tricolporopollenites sp. x 800 
23. Tricolpites sp. x 800 
24. Tricolpites sp. x 800 
25,29 Cyathidites sp x 800 
26. Triorites sp. x 800 
27. Indeterminate x 800 
28. Spiniferites sp x 800 
30. Araucariacites sp.. x 800 
31. Inaperturopollenites sp. x 800 
32. Cyathidites sp. x 800 
33. Elaterosporites klaszii x 800 
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DISCUSSION This study reveals similar result on Bima Formation

The fossil assemblages that characterize the
Afropollis  jardinus  Zone  are   Afropollis  jardinus,
Forma PO 304 [19, 17], Elaterosporites klaszii,
Cretacaeiporites scabratus, C. polygonalis, C.mulleri,
Classopollis brasiliensis, Tricolporopollinites sp.,
Hexaporotricolpites emelianovi and Galeacornea clavis.

Afropollis jardinus is the main marker species for this
zone, it marks the base of the studied interval and it
shows a continuous regular occurrence. The top of the
zone where Afropollis jardinus shows a disappearance is
not present in the stratigraphic interval studied. The
species is equally known as Reticulatriporites jardinus
[20]. This species was recognised in the Aptian to
Cenomanian of Senegal, Albian to Cenomanian of Nigeria,
Aptian and Cenomanian of Gabon and Congo [21], in the
Albian and Albian to Cenomanian of Brazil [22, 23]. Other
workers used Afropollis jardinus to date different
sediment to age up to Cenomanian [17, 24-29].

Classopollis brasiliensis is another important form
used for stratigraphic biozonation. This species occurred
sporadically in the studied interval of Tuma-1 well, but it
has been described and dated from sediments in Senegal
to be Lower Cenomanian in age, while its frequency and
continuous occurrence have been use to date sediment as
Lowermost Turonian to Cenomanian age [30].

In West Africa and South America, Tricolpate pollen
first appeared in this level [17-19]. Tricolporopollenites
grain was reported first from sediments not earlier than
Late Albian and sometimes only from the Cenomanian [31
and 28]. The fossil first appeared in West Africa and Brazil
[3, 32]. Galeacornea clavis is another species recovered
from the studied sample. The stratigraphic range of G.
Clavis lies within the Cenomanian-Turonian age [18].

Elaterosporites sp characterised the top of the
studied section. Elatere bearing forms were reported in
Albian to Cenomanian of Brazil, Senegal, Ivory Coast,
Nigeria, Gabon and Algeria having high genetic diversity
[23].

The other genera unique to this assemblage are
Hexaporotricolpites emelianovi, Triorites sp,
Cretacaeiporites sp. Hexaporotricolpites and Triorites
sp were defined in the Upper Albian to Lower Cenomanian
deposits of the Senegal and Ivory Coast [19].
Hexaporotricolpites also appear in the Upper Albian to
Lower Cenomanian in Brazil [22]. This grain was reported
to range from the Upper Albian to Cenomanian in West
Africa [33]. 

to be a diachronous formation ranging from Albian to
Cenomanian age. The Albian age assigned to Bima
Formation [34] conforms with this finding but do not
support  a  wholly  Continental  environment of
deposition suggested by the author; rather it is found to
be partly continental to lacustrine in environmental
setting. Thus, the stratigraphic interval is characterised
sedimentologically by shaly gypsiferous sand, shaly
sand, through sandstone to shale sequence at the upper
part of the section. 

The Bima Formation is here dated Albian to
Cenomanian age on the basis of co-occurrence of
diagnostic microflora such as Afropollis jardinus,
Classopollis brasiliensis, Forma PO 304 Lawal,
Elaterosporites klaszii, Cretacaeiporites sp,
Hexaporotricolpites emelianovi, Triorites africaensis
and Galeacornea clavis. 

CONCLUSION

The distribution chart observed from this study
shows stratigraphically important taxa variation with
depth and this enhanced the establishment of one major
zone belonging to Afropollis jardinus assemblage zone
for this sequence (3620m-2900m). This interval
corresponds to Bima Formation represented by
intercalated sand and shale. The diverse lithologies of
Bima Formation as seen in Tuma-1 well corroborate with
other workers description [1]. However, the sequence
termed Pre-Bima assigned Albian age agree with the
present work on the age of Bima Formation from
palynological perspective that is dated Albian age.
Present palynological study also reveals that Bima
Formation is diachronous in age and ranges from Albian
to Cenomanian. The assigned age is based on the
assemblage of Afropollis jardinus, Classopollis
brasiliensis, Forma PO 304 Lawal, Elaterosporites klaszii,
Cretacaeiporites spp., Hexaporotricolpites emelianovi,
Triorites africaensis and Galeacornea clavis. The
paleoenvironment of the sediments deposited in this
interval vary from lacustrine at the base to fluvial at the
upper part of the stratigraphic interval studied. 
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