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Introduction
Hydrocarbon exploration and production activities in the Niger 

delta which dates back to over five decades were mainly in the Eocene-
Miocene onshore and shallow offshore sequences of the delta. But with 
the maturation of the onshore fields and availability of new technologies 
in the last decade, exploration and production of hydrocarbons have 
shifted to the deep offshore of the delta.

Biostratigraphy (foraminifera, calcareous nannofossils, pollen, 
spores and dinoflagellates) plays a significant role in the exploration 
and production of petroleum in the Niger delta. Many papers have been 
published on the foraminiferal biostratigraphy of the Niger delta [1-
17]. Biostratigraphic publications with primary focus on agglutinated 
foraminifera are not yet available from the Niger delta.

Deep water agglutinated foraminifera (DWAF) represent one 
of the most useful groups of microfossils for stratigraphical and 
paleoenvironmental interpretations of both high and low latitude 
areas [18-21]. They represent the most commonly recovered benthic 
organisms from strata deposited beneath the lysocline. DWAF find 
common applications for biostratigraphic work in the Deep Sea Drilling 
Project of the ocean basins and the Circum - Atlantic hydrocarbon 
basins [22,23] The main objectives of this work are to undertake the 
benthic agglutinated foraminiferal biostratigraphy and identify the 
biozones from four wells in the deep water of the Niger Delta of Nigeria 
(Figure 1).

Geological setting

The Tertiary Niger Delta is located in the Gulf of Guinea on the west 
coast of central Africa. It lies between latitude 4° and 6°, and longitude 
3° and 9° E in the southern part of Nigeria. The Niger Delta covers 
an area of about 7500 km2 and is composed of an overall regressive 
clastic sequence which reaches a maximum thickness of 9,000 to 12,000 
meters [24].

Three main formation names have been assigned to correspond to 
the tripartite subsurface sequence of the Niger delta (Figure 2). These 
are the Akata, Agbada and Benin Formations (Short and Stauble, 
1967). The Akata Formation lies at the base of the deltaic sequence; the 
lithofacies is composed of shales, clays and silts with a few streaks of 
sand and sandstones possibly of turbidite origin. It is believed that the 
shale of this formation is the source rock for hydrocarbon in the basin 
and the shale outcrop offshore in diapers along the continental slope. 
This formation is overlain by the Agbada Formation which consists 
of alternations of sandstone and shale which forms the hydrocarbon 
prospective sequence of the Niger delta. The sandstones serve as 
hydrocarbon reservoirs and the shale contributing as source rocks and 
the seal. The Agbada Formation is underlain by The Benin Formation 
is composed predominantly of sand and sandstones with few shale 
intercalations. The overall sequence is strongly diachronous in the 
delta. The environment of deposition has been found to be of delta 
front, delta topset and fluvio detaic. Some parts of the delta experienced 
erosional truncation and resedimentation [25] The Agbada Formation 
was penetrated in the late Miocene to early Pliocene sequences of the 
four wells studied, piercing through the mobile shale, mud diapir and 
channelized turbidites.

Method of Study
A total of 453 ditch cuttings were analysed for the wells A, B, C 
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benthic foraminifera using the standard micropaleontological sample 
preparation procedures.

Samples were first laid out sequentially according to their depths. 
Labels were prepared for each sample. Clean sample plates are laid out.

About 25 g of samples were placed (for ditch cutting samples) into 
the sample plates. The samples were dried on a hot plate at about 800°C 
for 2-3 hours. The sample plates were allowed to cool and weighed. 
Samples were soaked in kerosene and left overnight to disintegrate. The 
samples were decanted, topped with water and left overnight.

The samples were washed with liquid soap and water through 
four sieve mesh sizes of 500, 250, 150 and 63 microns and dried. 
Samples were transferred into four different bags/phials and labelled 
accordingly. Foraminifera were picked from the packaged samples 
and studied with the aid of a reflected light binocular Zeis microscope. 
All the agglutinating benthic foraminifera recovered were analysed. 
Generic and species identification were based on the proceedings of 
the past series of international workshops on agglutinated foraminifera 
and other relevant Neogene agglutinated foraminiferal publications.

Results and Discussion
Forty-six agglutinating benthic foraminiferal species were identified 

from the four wells in this study. The foraminiferal assemblages were fair 
to moderately well-preserved. Six benthic agglutinating foraminiferal 
biozones were recognized based on their stratigraphic distribution in 
the four studied wells (Figures 3-7).

Biostratigraphy
The identified agglutinating foraminiferal zones are beginning from 

the oldest: Eggerella scrabra Taxon Range Zone (TRZ), Ammobaculites 
strathearnensis–Eggerella scabra.

Interval Range Zone (IRZ), Haplophragmoides 
narivaensis – Eggerella scabra IRZ, Cyclammina cancellata – 
Ammobaculites strathearnensis IRZ, Cyclammina complanata – 
Glomospira gordiales IRZ, Cyclammina cf. minima – Ammobaculites 
strathearnensis IRZ.

The ages of the identified zones were calibrated to the geologic 
timeframe by means of planktic foraminifera and calcareous 
nannofossils from the studied wells [26]. First downhole occurrences 
(FDO) which represent the highest downhole occurrences of 
chronostratigraphically significant agglutinating foraminiferal species 
were used to define the upper and lower boundaries of the IRZ while 
FDO and the lowest downhole occurrence (LDO) of the nominate 
taxon defined the upper and lower boundaries of the TRZ. This 
zonal characterization is in accordance with the work of Murphy and 
Salvador.

Some intervals of the studied wells showed very poor agglutinating 
foraminiferal recovery or did not contain nominate or marker species. 
Such intervals were known as indeterminate zone (Figures 3-7). Details 
of the above biozones are presented below [27-36].

Eggerella scabra Taxon Range Zone (TRZ)

Stratigraphic range: This zone was identified in the four wells.

Well A:    9,250–9,500 ft.

Well B:    9,750–11,300 ft.

Well C:     8,800–10,350 ft.

and D. Eighty-five and 164 ditch cutting samples from interval of 
4900–9920 ft. and 4530–14600 ft. of wells A and well B respectively, 
while 92 and 112 samples from interval of 5760–11400 ft. and 6000–
12750 ft. were analysed in wells C and D respectively. These samples 
were processed and analysed at 60 ft. interval for agglutinating 

A – Well A 

B – Well B 

C – Well C 

D – Well D 

Figure 1: Simplified geological map of the study area and well locations in the 
Niger Delta.

Figure 2: Stratigraphic column showing the three formations of the Niger Delta 
(modified after Doust and Omatsola, 1990).
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Age: Late Miocene (NN9-NN11 and N16-N17) in the studied wells.

Ammobaculites strathearnensis–Eggerella scabra IRZ.
Stratigraphic range: The zone was identified in three of the studied 

wells

Well A: 8050–9250 ft. 

Well B: 8450–9750 ft. 

Well C: 8550–8800 ft.

Well D:     9,350–11,880 ft.

Definition: The zone is defined by the total taxon range of Eggerella 
scabra. The upper and lower boundaries are defined by the FDO and 
LDO of the nominate taxon respectively.

Characteristic taxa: Ammodiscus glabratus, Eggerella ex. gr. 
forestensis, Hormosina globulifera, Reophax morrisoni, Saccammina 
complanata, Glomospira charoides, Ammobaculites agglutinans, 
Alveolophragmium subglobosum and A. crassum.

Figure 3: Stratigraphic ranges of agglutinated foraminifera calibrated by planktic foraminifera and calcareous nano-fossils in well A.

Figure 4: Stratigraphic ranges of agglutinated foraminifera calibrated by planktic foraminifera and calcareous nano-fossils in well B.
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Definition: The upper and lower boundaries of the zone are defined 
by the FDO of A. strathearnensis and E. scabra respectively.

Characteristic taxa: Trochammina globigeriniformis, 
Haplophragmoides compressa, H. narivaensis, Glomospira charoides, G. 
gordiales, FDO of Crybrostomoides spp, Ammobaculites  glabratus,  A.  
agglutinans,  FDO  of  Trochamminoides  spp  and  FDO  of Saccammina 
spp.

Age: Late Miocene–Early Pliocene (NN9-NN12 and N16-N17) in 
the studied wells.

Cyclammina cancellata–Ammobaculites strathearnensis IRZ
Stratigraphic range: The zone was identified in two of the four 

wells.

Well A: 7100–8050 ft.

Well C: 7550–8550 ft.

Definition: The upper and lower boundaries of the zone are 
defined by the FDO of C. cancellata and Ammobaculites strathearnensis 
respectively.

Figure 5: Stratigraphic ranges of agglutinated foraminifera calibrated by planktic foraminifera and calcareous nano-fossils in well C.

Figure 6: Stratigraphic ranges of agglutinated foraminifera calibrated by planktic foraminifera and calcareous nano-fossils in well D.
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Characteristic taxa: Saccammina complanata, Glomospira 
charoides, Haplophragmoides compressa, Ammobaculites glabratus, 
Cyclammina cf. minima, Ammobaculites spp, Trochammina spp, 
Textularia spp, Eggerella sp and Bathysiphon spp.

Age: Late Miocene (NN10-NN11 and N16-N17) in the studied 
wells.

Haplophragmoides narivaensis–Eggerella scabra IRZ

Stratigraphic range: The zone was identified in only one well.

Well D: 8650-9350 ft.

Definition: The upper and lower boundaries of the zone are defined 
by the FDO of H. narivaensis and FDO of E. scabra respectively.

Characteristic taxa: Karreriella siphonella, Glomospira gordiales, 
G. charoides, Gravellina narivaensis, Saccammina complanata, 
Trochammina proteus, T. globigeriniformis, Ammobaculites 
strathearnensis, FDO of Recurvoides contortus, FDO of 
Alvelophragmium subglobosum, A, crassum and Bathysiphon spp.

Age: Late Miocene (NN11 and N17) in the studied wells.

Saccammina complanata–Glomospira gordiales IRZ

Stratigraphic range: The zone was recognized in only one well.

Well D: 6750–7500 ft.

Definition: The upper and lower boundaries of the zone are defined 
by the FDO of S. complanata and G. gordiales respectively.

Characteristic taxa: Valvulina flexilis, Trochammina spp, FDO 
of Textularia spp, Glomospira charoides and Bathysiphon spp were 
recorded in the zone.

Age: Early Pliocene (NN12-NN13 and NN18) in Well D.

Cyclammina cf. minima–Ammobaculites strathearnensis IRZ

Stratigraphic range: The zone was identified in only one well.

Well B: 7350–8450 ft.

Definition: The upper and lower boundaries are defined by the 
FDO of A. strathearnensis and Cyclammina cf. minima respectively.

Characteristic taxa: Saccammina complanata, Glomospira 
charoides, G. gordiales, Cribrostomoides spp, Clavulina spp and the 
FDO of Trochammina spp.

Age: Early Pliocene (NN12 and N17) in Well B.

Systematics

Only the most frequent taxa of the deep water agglutinated 
foraminifera (DWAF) are referred to below. Some of them represent the 
zonal nominate taxa of the biozones from this study. The classification 
employed here follows that of Loeblich and Tappan (1963, 1987), 
initial reports of the Deep Sea Drilling Project and Ocean Drilling 

Figure 7: Stratigraphic correlation of the agglutinated foraminiferal biozones in the studied wells.
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Programme, the various proceedings of the international workshops 
on agglutinated foraminifera since 1981 and other relevant journal 
papers.. No detail morphological descriptions are provided since they 
have been published in some of the above mentioned publications.

Sub-order  : (Textulariina Delage and Herouard, 1896).
Super-family : (Haplophragmoidinae Maync, 1925).
Genus : (Haplophragmoides Cushman, 1910).

Haplogramiodes narivaensis, [Cushman and LeRoy, 1938 Plate 
I (Slides 6 and 7)]

Description: Test small planispiral and involute, composed of two 
volutions, the last of which is five to seven chambered. Umbilicus very 
deep and small, chambers tend to become elongate in axial direction 
and increase rapidly in size so that the end chamber is twice the size of 
the first chamber of the last volutions, aperture is interiomarginal, walls 
finely to coarsely arenaceous, surface smoothly finished.

Size:  0.20 mm – 0.27 mm

Remarks:  Few well preserved individuals were recovered in all 
four wells.

Age : Late Miocene–Early Pliocene.

Genus:  (Ammobaculites Cushman, 1910).

Ammobaculites strathearnensis, [(Cushman and LeRoy, 1938) 
Plate I (Slide 5)].

Description: Test free, elongate, ovate to round in section, 
compressed with seven rapidly enlarging chambers in the last whorl; 
the last chamber only slightly uncoiled, sutures are flush and zall 
coarsely agglutinated, aperture terminal.

Remarks: Common occurrence in wells A, B, C and D. Recovered 
specimens are well preserved.

Age: Late Miocene–Early Pliocene.

Family: (Textularidae Ehrenberg. 1838).

Subfamily: (Textulariinae Ehrenberg, 1838).

Genus: (Textularia Defrance in de Blainville, 1824).

Textularia pavula [(Carpenter, 1869)] Plate I (Slide 12)].

Description: Test free, elongate, biserial, generally more or 
less compressed in plane of biseriality or rarely oval to circular in 
cross section; chambers numerous, generally closely appressed, wall 
agglutinated, simple; aperture single low arch at base of last chamber.

Age: Late Miocene.

Family: Ataxophragmedae Schwager, 1877

Sub-family: Valvulininae Berthelin, 1826

Genus: Valvulina  d’Orbigny, 1826

Valvulina flexilis [(Cushman and Renz, 1941) Plate I (Slide 4)].

Description: Moderately flaring triserial test with a strongly 
lobulate periphery, chambers expand fairly rapidly distorted pushed 
towards proloculus, thereby forming overlapping lobes, may be 
triangular in section, aperture wide and high on an excavated apertural 
face, wall fairly smooth, with angular quartz grains of uniform size set 
in an abundant matrix.

Remarks: Rare but well preserved individuals found in all four 
wells.

Age: Late Miocene.

Genus: (Karreriella Carpenter, 1869).

Karreriella siphonella [(Cushman, 1933) Plate I (Slide 3)].

Description: Three chambers in early whorls, later increasing 
in number or becoming uniserial aperture with valvular tooth, 
interiomarginal at least in early stage, may become terminal and 
modified to multiple aperture, test free, elongate, early chambers 
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Plate 1: Photomicrographs of marker agglutinated benthic foraminiferal 
species (Slides 1-15).
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in trochoidspire of one or more whorls followed by well-developed 
biserial stage which may be slightly twisted about its axis, wall finely 
agglutinated, smoothly finished, aperture rounded, interminal face of 
final chambers, bordered by lip or produced on distinct slender neck.

Age: Late Miocene–Early Pliocene.

Super-family: (Ammodiscacea Reuss, 1862).

Family: (Ammodiscidae Reuss, 1862).

Sub-family: (Saccammininae Brady, 1884).

Family: (Saccamminidae Brady, 1884).

Genus: (Saccammina Carpenter, 1869).

Saccammina complanata [(Franke) Plate I (Slide 11)]

Description: Test free, single globular chamber, wall with pseudo-
chitinous base, and outer agglutinated layer, firmly cemented, aperture 
rounded may be produced on short neck.

Age: Late Miocene

Family: (Ammodiscidae Reuss, 1862).

Sub-family: (Ammodiscinae Reus, 1862).

Genus: (Ammodiscus Reuss, 1862).

Ammodiscus glabratus [(Cushman and Jarvis, 1928) Plate I 
(Slide 15)].

Description: Test free, planispiral, or irregularly coiled. discoidal, 
proloculus followed by undivided planispirally enrolled tubular 
chamber which may show transverse growth, constrictions, but no 
internal partitions, wall agglutinated; aperture at open end of tubular 
chamber.

Age:  Late Miocene- Early Miocene

Family:  (Lituolidae de Blainville, 1827).

Sub family:  (Cyclammininae Marie, 1941).

Genus:  (Cyclammina Brady, 1879).

Cyclammina cancellata [(Brady, 1879) Plate I (Slide 14)]

Description: Planispirally coiled, involute coiling, round to 
somewhat lobate in outline, wall with reticulate, near surface meshwork 
beneath imperforate epidermal coating and commonly with labyrinthic 
interior; aperture single or multiple. The species has larger number of 
chambers (10 to 16) in the final whorl which distinguishes it from other 
members of the genus.

Age:  Late Miocene - Early Pliocene

Cyclammina minima [(LeRoy, 1939) Plate I (Slide 13)]

Description: Test small, circular in transverse section, compressed, 
slightly umbilicate, periphery sharply rounded, chambers distinct, nine 
to ten in last whorl; sutures distinct, somewhat limbate, occasionally 
showing interior labyrinthic structure; aperture near base of last 
chamber on periphery, This species is recognized by the limbate 
character of the test and the distinct, limbate, radial sutures.

Age:  Late Miocene- Early Pliocene.

Eggerella brady [(Cushman, 1933) Plate I (Slide 8)]

Description: Test free, conical or ovoid, triserial, with inflated and 

embracing chambers; wall agglutinated of calcareous particles with 
considerable cement, interior simple, aperture narrow, hook-shaped, 
interio-marginal and extending short distance up face.

Age:   Late- Miocene.

Glomospira charoides [(Jones and Parker, 1860) Plate I (Slides 
1 and 2)]

Description: Test free, consisting of spherical proloculus and 
undivided tubular, second chamber coiled in high spire around vertical 
axis nearly perpendicular to original axis; wall agglutinated; aperture at 
open end of tube.

Age:   Late Miocene- Early Pliocene.

Correlation of Agglutinated Foraminiferal Biozones
The  Eggerella  scabra  TRZ  was  found  to  be  common  to  all  

the  four  wells  while  the Ammobaculites strathearnensis – Eggerella 
scabra IRZ was identified in three of the wells. Cyclammina cancellata 
- Ammobaculites strathearnensis IRZ has representation in two 
of the wells. The Saccammina complanata – Glomospira gordiales 
and Haplophragmoides narivaensis – Eggerella scabra IRZ have 
restrictions to well D while Cyclammina cf. minima – Ammobaculites 
strathearnensis IRZ was only identified in well B. The agglutinating 
foraminiferal biozones show good correlation in the four studied A, B, 
C, D wells (Figure 7).

Agglutinated benthic foraminifera

1. Glomospira charoides (Jones and Parker, 1860; Apertural view).

2. Glomospira charoides (Jones and Parker, 1860; Ventral view).

3. Karreriella siphonella (Cushman 1933; Side view).

4. Valvulina flexilis (Cushman and Renz, 1941; Dorsal view).

5. Ammobaculites strathearnensis (Cushman and LeRoy, 1938; 
Dorsal view).

6. Haplophragmoides narivaensis, (Cushman and LeRoy, 1938; 
Ventral view).

7. Haplophragmoides narivaensis, (Cushman and LeRoy, 1938; 
Dorsal view).

8. Eggerella bradyl (Cushman 1933; Ventral view).

9. Textularia spp. (Defrence In De Blainville, 1824; Dorsal view).

10. Pullenia bulloides  (D’Orbigny, 1826; Dorsal view).

11. Saccammina complanata (Brady, 1884; Side view).

12. Textularia parvula, (Defrence In De Blainville, 1824; Dorsal 
view).

13. Cyclammina  cf. minima (LeRoy, 1939; Dorsal view).

14. Cyclammina cancellata (LeRoy, 1939; Dorsal view).

15. Ammodiscus glabratus (Linne, 1758; Dorsal view).

Conclusion
The biostratigraphic analysis of the four wells A, B, C and 

D, showed the wells to be fairly rich and diverse in agglutinated 
benthic foraminifera. Six biozones comprising Eggerella scabra TRZ, 
Ammobaculites strathearnensis –  Eggerella scabra, Cyclammina 
cancellata – Ammobaculitesstrathearnensis, Haplophragmoides 
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narivaensis – Eggerella scabra, Cyclammina cf. minima–Ammobaculites 
strathearnensis and Saccammina complanata – Glomospira gordiales 
IRZ. The biozones were calibrated to the geologic timeframe by means 
of planktic foraminifera and calcareous nannofossils. The ages of the 
biozones range from the Late Miocene to the Early Pliocene. Three of 
the biozones have good stratigraphic correlation in the studied wells. 
The biozones could impact hydrocarbon exploration and production 
in the deep-water sector of the Niger Delta.
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