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Foreword and Introduction

I take pleasure in presenting a further edition (volume 32) of the internationally
recognized and acclaimed series ‘Palacoecology of Africa’ (PoA). Already since 1966
the series has published a large number of interdisciplinary scientific papers on land-
scape evolution and on former environments of selected areas within the African con-
tinent. Since the re-edition and re-launch of ‘Palacoecology of Africa’in 2007/2008 it is
the fifth volume of the yearbook series that follows the new concept and layout under
the restructured editorial board and by support of the publishing houses Routledge
and CRC Press. Therefore, the ambitious goal of the editorial board and its editor in
chief to have one book a year was almost reached. Many thanks go to all the contribut-
ing authors, colleagues and friends who directly and indirectly contributed during the
last years to make this re-edition of ‘Palacoecology of Africa’ a reality and a success.

This year’s edition presents nine interdisciplinary scientific papers and reviews on
former and recent landscape evolution and on past environments (e.g., climate change,
vegetation dynamics and growing impact of humans on ecosystems). These papers
expand horizons and interconnections to various types and methodologies of research
on environmental dynamics from the Pliocene up to the present. Regional case stud-
ies cover Nigeria, Cameroon, selected sites within the Congo basin, Kenya, Malawi,
Namibia and South Africa. This volume also gives space to researchers originating
from Africa presenting their new findings to a wider international audience.

Today, by growing awareness of the worldwide impact of Global Change, it has
become obvious that aside of the northern and southern hemisphere Polar region also
the environmental setting in Africa was subject to considerable changes over time. Nat-
ural shifts in climate have caused repeated and strong modification in the area dynam-
ics of ecosystems located in lower latitudes. By a variety of ‘proxy data’—researched
and applied by the different authors from numerous disciplines—an attempt is made
to reconstruct the evolution of landscapes over space and time, underlining that ‘the
past is the key to the future’. Besides such spatio-temporal oscillations in forested
and savanna areas of Africa volume 32 of ‘Palaecoecology of Africa’ also focuses on
possible relationships between environmental change and human impacts, also on the
perception of the phenomenon of recent ‘climate changes’ by different stakeholders.

The nine chapters brought together are quite different in topics, methods, style
and length. All manuscripts have been internationally reviewed by one or two experts
and corrected several times. Within the University of Frankfurt Physical Geography
working group, formatting of the papers for PoA layout and style was reliably done
by Nadia Anoumou and Dr. Joachim Eisenberg. Apart from cartographic art work
partly carried out by the principal authors themselves, Peter Blank (Bielefeld) and
Joachim Eisenberg (Frankfurt) revised numerous maps, figures and graphs by doing
additional professional cartographic work for the book. Especially the contributions
submitted by the colleagues with an ‘African background’ sometimes evidenced severe
problems in producing good quality maps and figures; they and their contributions
gained profit from these time consuming and joint efforts on cartography.
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Chapter 1 by O.A. Boboye and 1.M. Akaegbobi from the historic Nigerian
University of Ibadan looks at two basins (terrestrial Sokoto B. and offshore Niger
Delta B.) studying the benthonic foraminiferal microfauna. Aside of the stratigraphic
features discovered and interpreted within the sedimentary traps, they evidenced
by identifying foraminiferal assemblages, species diversity and abundance that the
palacoenvironment in the Late Miocene (about 13 Ma) and Maastrichtian to Eocene
(about 70-55 Ma) originally showed fluctuating salinities and limited circulation under
anaerobic conditions. Furthermore, specific sedimentary features allowed the identifi-
cation of multiple transgressions as well as regressions within the basin environments.

Chapter 2, presented by a joint South African—Dutch—Norwegian research team
around G. Langejans looks by applying a very sophisticated and complex research
approach (studies on shellfish and other faunal remains together with archaeological
records) on Late Pleistocene (beach) environments (Marine Isotope Stages 4 and 5,
around 70-130 ka) at Blombos Cave with the Still Bay Industry on the southern ter-
restrial edge of the South African subcontinent. Comparison with climate models and
transferring such findings directly from marine sediments to the terrestrial environ-
ment seems to be complex and difficult. Therefore, the emergence of Still Bay Industry
could have been less triggered by former climate changes, and it is considered unlikely
as an adaptation to a harsh and resource depleted environment.

Palacoenvironmental evidence for ‘younger’ (OIS 1-3, 2-50 ka) climate and
vegetation changes in Sub-Saharan Africa (pre-LGM, LGM, Younger Dryas [YD]
and Holocene) is illustrated by the editor’s working group from Goethe University in
Frankfurt. They introduce finds from different field sites in Cameroon, Central African
Republic and in D.R. Congo (former Zaire). Using geomorphological, stratigraphi-
cal and pedological methods (alluvia and slope sediments as proxies) together with
numerous radiocarbon data illustrate sensitive rainforest-savanna landscape dynamics
before, during and after the LGM. A probable YD event in the eastern Congo basin
at the onset of the Holocene is evidenced by impressive stone-line features in hillwash
and re-deposited fluvial sediments. A conceptual model of the geomorphodynamic
activity in Central Africa since OIS 3 is presented, connecting the field sites within the
upper Congo Basin. Comparable to this previous study, chapter 4 focus on Quaternary
sequences covering OIS 1-3 by the example of the already intensively studied Barombi
Mbo crater lake in Cameroon. P. Giresse, J. Maley and A. Zogning highlight the influ-
ence of (neo-) tectonics on the crater lake level and the depositional environment by
using lacustrine sediments. However, low lake levels during the LGM and YD are
considered to be cased by a significantly drier climate in the region.

Another Cameroonian lake, Lake Assom, located farer north than Lake Barombi
Mbo, is studied in chapter 5 by P. Giresse and S. Ngos II1. They look on Late Holocene
morphodynamics (erosion and sedimentation) in the lake’s catchment that led to depo-
sition of about 70 cm thick sediments on the lake bottom. Some radiocarbon data are
presented on what is considered to have been a former debris flow. Comparisons with
other lake level variations in the wider study area propose a growing seasonality and
irregularity of rainfall during the Late Holocene.

Chapter 6 by T. Liidecke and H. Thiemeyer from the Senckenberg Institute and
the Goethe University, both located in Frankfurt, presents again older palaeoenviron-
mental data on the Plio-Peistocene transition (Chiwondo and Chitimwe beds) located
on a tectonically active area on the northern edge of Lake Malawi. Their focus is
mainly on relationships between sediment characteristics and the respective palacoen-
viroment against the background of hominid evolution in this East African Rift zone.
Fluvial deposits studied generally reveal a high pedogenic overprint by abundant car-
bonate nodules. Weathering processes (soil formation), geomorphological processes
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and considerations of landscape dynamics under modified climate and vegetation
cover are in this case ‘proxies’ used to explain the palacoenvironmental setting.

In chapter 7 K. Heine, U. Rust (1940-2012) and A. Hilgers are touching an
old scientific dispute if there is at all a Younger Dryas (YD) event on the southern
hemisphere? By revisiting and discussing the Eksteenfontein pollen section in the
winter-rain realm of the Northern Cape Province these authors conclude that sudden
late-glacial cooling phases of the Southern Hemisphere were caused by the Antarctic
Cold Reversal (ACR, c. 14,700-12,700 ka BP) and were confused with the YD event.

The chapters 8 and 9 are mainly looking on historical and present-day land-
scape dynamics in lower latitudes evidenced by field studies and statistical/empirical
data acquisition. Severe landscape degradation in Nigeria (Anambra State) started as
early as 1850 and is described and studied by E.I. Okoyeh, I.M. Akaegbobi and B.C.
Egboka (chapter 8). Widespread gully erosion and mass wasting (landslides) over soft
Tertiary rocks caused water scarcity and loss of economic trees and herbs. Reclama-
tion measures, up so far, all failed. The authors suggest remedial measures and discuss
problems of sustainable landscape management in Nigeria.

In chapter 9 C.-R. Nguimalet carried out detailed statistical and spatio-temporal
examinations (1958-1995) on selected river catchments of Kenya and Central African
Republic (CAR). The choosen examples (Malewa River in Kenya, and Tomi, Gribingui
and Fafa Rivers in CAR) are quite different in size, shape and environmental setting.
However, the author carefully worked out some trends and relationships between rain-
fall and discharge variability during the observation period and assess the findings
against the background of ongoing climate change.

In conclusion one can state that palacoecological information in Africa is still
subjected to large methodological and geographical gaps. Most records are qualitative
and even if time resolution of terrestrial records has become somewhat better in the
last years there are still large spatial and dating uncertainties. Multi-proxy and multi-
archive studies need to be developed further, and ‘Palacoecology of Africa’ can serve
as an innovative and modern forum for that. Furthermore, it has become clear that the
linkage between models, marine and terrestrial records contains a lot of challenges to
future interdisciplinary research.

Finally, I take this opportunity to place on record my gratitude to the publishing
houses Routledge and CRC Press with Senior Publisher Janjaap Blom and his team
for the continuous support of ‘Palacoecology of Africa’.

Jirgen Runge
Frankfurt
July 2013
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CHAPTER 1

Palaeoecological conditions in the Sokoto Basin
and the deep offshore Niger Delta (Nigeria)
evidenced by benthonic foraminiferal microfauna

Olugbenga A. Boboye & Izuchukwu M. Akaegbobi
Department of Geology, University of Ibadan, Ibadan, Nigeria

ABSTRACT: A qualitative and quantitative foraminifera study has been carried out on out-
crops and bore hole cutting samples. The outcrop samples were obtained from Taloka, Dange,
Kalambaina, Dukamaje and Wurno formations exposed within the Sokoto Basin while the
cutting samples were from two exploratory wells (BX-1 and LAT-1) which are located within
Oil Mining Lease (OML) 65, deep offshore of Niger Delta Basin. This work provides infor-
mation on the palaeoecological inferences and age interpretation of the depositional environ-
ments. The foraminiferal assemblages recovered from the samples are composed of benthonic
and few planktonic species. Benthonic species are represented by calcareous taxon with diverse
test types (porcelaneous, hyaline) and arenaceous taxon of simple morphology. The fauna
assemblages are of considerable ecological and stratigraphic importance in the studied areas.
A biostratigraphic study was carried out on composite samples from sixty-five (BX-1 well)
and fifty-six (LAT-1 well) cuttings sampled at 20 m intervals from Niger Delta Basin, while
forty outcrop samples were from the Sokoto Basin. The microfossil analyses and identifica-
tion was done under the Scanning Electron Microscope (SEM). The results show that bulk
of the lithofacies is composed of shale, mudstone and sandy mudstone, sandstone, limestone
and siltstone. The colour varied from light grey to dark grey with intercalated coarse to fine-
grained sandstone beds. A total of seventy six foraminifers’ species have been recovered. The
microfossil assemblages recorded delineated the biostratigraphic sequence based on their evo-
lutionary trend. The composition of the foraminiferal assemblage, species diversity and abun-
dance suggest that the palacoenvironment of Niger Delta and Sokoto Basin are deposited
in the marginal marine through inner neritic to outer neritic regimes typifying hyposaline
conditions. The dark coloured shale characterized the environment as fluctuating salinities
and limited circulation which prevailed under anaerobic conditions in the late Miocene (13.82
to 5.332 Ma.) (Niger Delta), and Maastrichtian to Eocene (70.6 = 0.6 to 55.8 £ 0.1 Ma.)
(Sokoto). Cycles of transgression and/or regression were also identified based on the facies
assemblages.

1.1 INTRODUCTION

This study presents the Cenozoic foraminiferal biostratigraphy in the deep off-
shore of the Niger Delta and the Nigerian sector of the Sokoto Basin. The study
areas lie between 4°-5°02’N and 3°-9°E in the Oil Mining Lease (OML) 65 and
13°-13°50’N and 5°10-5°50’E respectively (Figures 1a, b). The geology, structures,
depositional environments, source rocks, and hydrocarbon potentials of these basins
have been intensively studied and well documented. The earliest geological work on
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Figure 1a. Geological Map of Nigeria (modified after Whiteman, 1982).

these basins have been reported by the following authors (Addeh and Duze, 1988;
Adegoke, 1969; Adegoke et al., 1975, 1976; Reyment, 1959, 1960, 1963, 1965; Allen,
1964, 1965; Parkinson, 1967). They proposed an estuarine to freshwater palacoenvi-
ronment of deposition for the sediments; microfauna and the geology of the Sokoto
Basin have been studied. Other workers (Carter, 1960; Parker 1964; Kogbe 1976)
studied the Cretaceous and Tertiary sediments of the Sokoto Basin. These work-
ers have suggested several geological successions. The age of these deposits have
been controversial. Gwandu Formation forms a part of the ‘Continental Termi-
nal’. Amongst the workers that have worked on foraminferal evaluation in the Niger
Delta are Seglie e al. (1982) and Adeniran (1997) amongst others. Boboye and
Adeleye (2009) identified four condensed sections for the foraminiferal assemblages
and four zones for the calcareous nannofossil in the Niger Delta which was cor-
related to the NN13, NN11, NN10 and NN9 of Global Cycle Chart (Boboye and
Adeleye, 2009). Other workers with diverse reports on biostratigraphy of this basin
include Ogbe (1982), Ozumba (1995), Salard-Cheboldaeff and Dejax (1991), Salami
(1984) amongst others. However, planktonic biostratigraphy of the Neogene in the
basins is limited to few references. Detailed work on the subsurface stratigraphy,
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sedimentation and structures of the Tertiary Niger Delta Basin has been done and
reviewed by Short and Stauble (1967), Asseez (1976), Hospers (1971), Merki (1972)
and Weber and Daukoru (1975). Okosun (1999) studied the taxonomy and bios-
tratigraphy of Ostracods and foraminifera of two boreholes in Sokoto Basin and
these were based on palacoecological and interpretation of the depositional environ-
ments. Petters (1978) reported that the Dange Formation contains a rich diversity of
agglutinated foraminifera.

1.2 GEOLOGIC SETTING AND STRATIGRAPHY OF THE STUDY AREAS
1.2.1 Niger Delta Basin

The study areas are part of the Tertiary Niger Delta Basin, which is defined in terms
of lithology consists of both marine and non-marine sedimentary rocks. It is a petro-
liferous province in the southern part of Nigeria (Figure 2). Allen (1964, 1965) studied
the recent surface sediments of the Niger Delta Basin and classified the sedimentary
bodies recognized as younger suite elder and repositioned break (Regression) these
he assigned of Pleistocene and Holocene age. He further observed that the Late Qua-
ternary Niger Delta is based on essential concentric facies elements as in many other
clastic deltas rather than on radial elements as in the Mississippi bird—foot delta. Three
main subsurface lithostratigraphic units recognized and delineated are Akata, Agbada
and Benin formations (Short and Stauble, 1967), which are in turn overlain by diverse

SOUTHWEST NORTHEAST

Quaternary .
Pliocene ~ Deltaic Facies . Lttt . . . i e e e s s s s e e s s . . i .

——= _(Agbada Formation) .« .« « . . Continental Alluvial Sand. .

F_—_—_ ~—— ... . . (Benin Formation) ", ", ", °

Late

Middle [~~~ ——— - — — — >

Miocene

Early [— Deltaic Facies
et el (Agbada Formation)

Oligocene [~ - - -

Late .

Middle [——

Eocene

Ealy [ —— — — — — — = — — — — = — — —

Palaeocene |~~~ - - — - -~ - — - -~ — = —

Cretaceous

Figure 2. Stratigraphic column showing the three formations of the Niger Delta
(modified from Shannon and Naylor, 1989 and Doust and Omatsola, 1990).
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types of Quaternary deposits. The Akata Formation is dominantly shale of marine
origin while the Agbada Formation is a paralic facies of shale and sand. The Benin
Formation is a continental deposit made up of mainly sandstone. The Quaternary
deposits consist of either a relatively uniform lithology of sand, silt, sand-silt-clay
mixtures with clay and peat increasingly more predominant seaward. The three forma-
tions are stratigraphically superimposed in space and time and range from Eocene to
recent in age.

In this study, the lithofacies that characterized the wells in the Niger Delta Basin
include light to dark grey shale, silty mudstone and sandy mudstone with intercala-
tions of sandstone beds. The sandstone range from coarse to fine grained, angular
to rounded and poor to well sorted (Figures 4a, b). The accessory minerals present
in profusion include ferruginous material, mica flakes and some shell fragments. The
stereo binocular microscope was used to describe the samples. The studied intervals
from the Niger Delta Basin ranged from 2210 m to 3508 m (BX-1 well) and 28050 m
to 3960 m (LAT-1 well) depths (Figures 4a, b).

1.2.2 Sokoto Basin

The Sokoto Basin of West Africa covering an estimated area of 700,000 km? (Kogbe
and Sowunmi, 1980) extends into northwestern Nigeria where it is referred to as the
Sokoto Basin. The basin broadly covers an area underlain predominantly by crystal-
line rocks to the east and sedimentary terrain to the northwestern half. All of the
samples used in this work emanated within the basin. In the southeastern sector of
the basin, up to 2000m of clastic sequences overlies the basement. Moreover, in the
Sokoto basin sequences of semi consolidated gravels, sands, clay, some limestone and
ironstone are found. The sedimentary sequences are sub-divided from bottom to top
into the late Jurassic to early Cretaceous Illo and Gundumi Formations (Continental

NIGER " Kurdula

.
L 13°N /

/ NIGERIA

o Birin Kebbi

i Gunduni Formation
WEST SBoko_to |:| Gwandu Formation (Eocene) (Lower .Cretaceous), llo
AFRICA asin |:| Sokoto Group (Palaeocene) Formation (Cretaceous)

Basement Complex
lzl Rima Group (Maastrichian) - (Precambrian)p

Figure 3. Stratigraphic units showing the formations of the Sokoto Basin (modified after Oteze, 1991).
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Figure 4. (a) Lithostratigraphy of BX-1 and (b) LAT-1 well (Niger Delta Basin).

Intercalaire), the Maastrichtian Rima Group (sub-divided into Taloka, Dukamaje
and Wurno Formations), the late Palaeocene Sokoto Group (sub-divided into Dange,
Kalambaina and Gamba Formations) and the Eocene-Miocene Gwandu Formation
(Figure 3). Overlying all the formations is a laterite cap usually up to 12 m thick in
some localities.

In this study, five exposed outcrops (Taloka, Dange, Kalambaina, Dukamaje
and Wurno Sections) in Sokoto Basin were studied in which the basin formations
are well represented (Figures 4c—f Figure 5). The Taloka Formation consists of inter-
bedded grey to dark mudstones to the grained friable sand with some thin bands
of carbonaceous shale and siltstone. It is fine to coarse grained heterogeneous sand
and sandstone with interbedded shale, contains masses of gypsum and ferruginous
materials.

South of Wurno, the Taloka formation and Wurno formation cannot be dif-
ferentiated because of the thinning out Dukamaje Formation. Dukamaje Formation
consists predominantly of shales with some limestones and mudstones. The forma-
tion is of dark fossiliferous shale with white spheroidal nodules and some thin lime-
stone bands. The shales contain numerous fragments vertebrae and limbs bones bed
highly fossiliferous lies near the base. Wurno Formation consists of thin friable, fine
grained sandstones intercalated with soft mudstones. It is well exposed at Wurno.
The sediments are dark coloured, loosely consolidated and susceptible to weather-
ing, they consists of pale friable fine grained sandstones, siltstone and intercalated
mudstones. Small scale load cast, bioturbation structures and flaser bedding noted in
the Taloka Formation are also abundant in the Wurno Formation. The Kalambaina
Formation consists of a marine white, clayey limestone and shale. The type section
of the formation is at the quarry of the cement factory, near the Kalambaina vil-
lage located about 6 km to the south west of Sokoto Township. Dange Formation
consists of grey, yellowish brown, dark grey clay shales. The top is calcareous with
thin laminations of limestone between the clay. The shale includes bands of fibrous
gypsum with numerous irregular phosphatic nodules. The nodules are characteris-
tically marked with irregular striations and have an off-white external colour, but
bluish-grey internally.
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Figure 4. (c) Lithostratigraphy of locality One at Taloka exposing Taloka Formation, (d) locality Two at
Dongodajji, showing Dukamaje Formation and of (e) locality Three at Gada, showing section of Wurno
at the outskirt of exposure at Wurno village (Sokoto Basin).

1.3 RESULTS AND DISCUSSION
1.3.1 Materials and methodology
An integrative lithologic and biostratigraphic analyses have been carried out on out-

crops and cutting samples (composite) from each of the formations in the basins.
Twenty grammes of each composite sample are weighted using an electronic balance.
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Figure 4. (f) Lithostratigraphy of locality four at Gada, showing Wurno and Dange Formations
(Sokoto Basin).

They were disaggregated carefully into small aggregates so as not to destroy the micro-
fossils and later heated to drain any moisture that may be present and also to enable
the fossils separate from the samples. One to two teaspoonful of anhydrous sodium
carbonate Na,CO, and 10% concentrated hydrogen peroxide (H,0,) were added. The
mixtures were then heated to boil until all the samples smeared completely. These were
later soaked with distilled water for 24 hours.

The samples were later washed thoroughly under a gently running tap to let out
the mud using a mesh sieve size of 63 microns (200 mesh) until the samples were clean.
The residues were then transferred into a funnel to drain samples and were later dried
at 80°C. Each washed and dried samples was dry-sieved through a set of mesh size
consisting of three grades sieve; 30 and 60 (apertures 500 and 251 microns respectively)
to facilitate the picking process. The analysis was done under Leitz-Wetzler binocular
microscope, and then covered with cover slides for identification which involved mor-
phological examination of the picked foraminifera fauna and consultation of relevant
monographs and local type’s species. The frequency count was based on a minimum of
100 specimens. The percentage of each species was computed factoring in the number
of specimens of the species relative to the total number of the specimen per sample.

1.3.2 Micropalaeontology

A total of sixty four (64) foraminifera species comprising of nineteen (19) plank-
tonic, 33 calcareous and 12 agglutinating species have been recovered (Tables 1-4).
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Globigerinoides immaturus Globigerinoides obliquus
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Figure 5. Some foraminifera assemblages recorded from the study areas.

Table 1. Results of foraminifera species from Niger Delta Basin
(BX-1 well and LAT-1 well).

Depth (m) Planktonic (P)  Calcareous (C) P/C ratio

2833 30 10 3
2866 51 16 3
2900 56 3 19
2950 30 16 2
3000 4 2 2
3033 52 25 2
3050 2 3 0.7
3083 6 3 2
3100 4 5 0.8
3133 17 20 0.9
3166 1 6 0.2
3233 4 1 4
3266 3 1 3
3283 20 6 3
3316 6 6 1
3366 2 1 2
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Table 2. Results of foraminifera species from Sokoto Basin
(samples from Dange Formation).

Depth Species Agglutinated  Arenaceous  Calcareous
(m) diversity (%) (%) (%)
7.21-8.27 5 100 - -
15.54-16.2 6 100 - -
16.61-16.92 4 100 - -
17.61-18.10 3 100 - -
19.20-20.21 11 73 27 -
20.21-21.43 4 100 - -
22.82-2297 5 80 20 -
22.97-23.66 3 - - -
23.66-23.91 2 - - -
2391-24.63 0 - - -

Table 3. Results of foraminifera species from Sokoto Basin
(samples from Dukamaje Formation).

Depth Species  Agglutinated  Arenaceous  Calcareous
(m) diversity (%) (%) (%)
7.10-8.20 3 - 100 -
15.00-15.90 2 - 100 -
16.00-16.92 2 - 100 -
17.00-18.10 5 - 80 -
19.00-20.21 - - - -
20.00-21.43 4 - 80 -
22.00-22.97 3 - 100 -
22.97-23.66 3 - 100 -

Table 4. Results of foraminifera species from Sokoto Basin
(samples from Gamba Formation).

Depth Species ~ Agglutinated  Arenaceous  Calcareous
(m) diversity (%) (%) (%)
6.00-9.80 4 - - 100
10.54-16.20 5 - 20 80
16.50-16.90 4 - 25 75
17.50-18.00 3 - - 100
19.00-20.00 3 - - 100
20.20-2143 5 - 20 80
22.82-2297 5 - 20 80
22.97-23.66 3 - 25 75
23.66-2391 2 - - 100
2391-24.63 0 - - -
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The preservation of foraminiferal microfossils within the study intervals are poor. This
could be as a result of terrigenous influx which could be responsible for poor repre-
sentation of some foraminifera most especially the planktonic species. They have been
fragmented hence could not be presented with the complete forms. Some assemblages
recovered include Globorotalia acostaensis, Spaeroidinella bulloides, Globorotalia acos-
taensis, Orbulina universa, and Globoquadrina altispira, Globigerina praebulloides,
Globigerinoides immaturus, Globigerinoides obliquus, Globigerinoides sacculiferus,
Globaguadrina dehiscens, Globorotalia margaritae, Sphaeriodinellopsis seminulina are
the common planktonic species. The rare planktonic species are Globorotalia menardii,
Globorotalia pseudomioceniza, Globorotali humerosa and Neogloboquadrina dutertrei.
Calcareous foraminifera also has common and rare species. Most common species
are Gyroidina soldanic, Heterolepa floridana. The calcareous foraminifer is mainly
characterized by rare species of Amphicoryna scalaris, Hanzawaia boueara, Heterolepa
bellincionii, Nodosaria spp, Urigenna peregrine, Cibicides pruecurscrius and Stilosto-
mella vemeulli. The agglutinated foraminifera are characterized by rare species which
occur at the lower section of the wells. These rare species include Textularia spp.,
Eggerella bradii, Succammina complanata, Trochammina spp., Vermeuilina spp. Other
microfaunas occasionally encountered in the wells are shelly fragments which occur
mainly in the upper section.

1.3.3 Biostratigraphy and palaeoecology

Diverse types of characteristic benthonic foraminifera have been used for deciphering
palaecoenvironment of the Cenozoic sediments; however, this study has shown the dif-
ferent species of foraminifera identified in the basins.

In the Sokoto Basin, some intervals were barren of fossil fauna, while some for-
mations are fairly fossiliferous, since microfauna thrived well in the limestone strata
which characterized Dange Formation. It consists predominantly of benthonic with
arenaceous and calcareous forms as evidenced by their distribution (Tables 1-4,
Figures 6-8) (Allen, 1965; Adegoke et al., 1976; Boboye and Adeleye, 2009; Okosun,
1999).

The stratigraphic abundant species recovered from the sections in Sokoto Basin
include Ammondicus cretaceous, Ammobaculities expanses, Epidella africana, Eponides
pseudoelevatus, Eponides plummerae, Haplophragmoides bradyi and Lenticulina mid-
wayensis. Other foraminifera peculiar to Kalambaina Formation include Bolivina mid-
wayensis, Elpphideiela africana, Gavenilinela danica, Pararotalia perclara and Rotalia
sp. The planktonic foraminifera species recorded in the Niger Delta Basin include Glo-
bigerina praebulloides, Globigerinoides immaturus, Globigerinoides obliquus, Globoro-
talia acostaensis, Globigerinoides sacculiferus, Globaguadrina dehiscens, Globorotalia
margaritae, Orbulina universa, Sphaeriodinellopsis seminulina, Globorotalia menardii,
Globorotalia pseudomioceniza, Globorotali humerosa, Neogloboquadrina dutertrei,
Amphicoryna scalaris, Hanzawaia boueara, Heterolepa bellincionii, Nodosaria spp.,
Urigenna peregrine, Stilostomella vemeulli, Textularia spp., Eggerella bradii, Succam-
mina complanata, Trochammina spp., Vermeuilina spp., Globorotalia merotumida and
Globorotalia pleisiotumida.

The palacoenvironment is evident from the stratigraphic distribution of the
foraminifera in these basins (microfauna diversity and abundance significant). From
the foraminiferal assemblage in these formations, it is suggested that the formations
were deposited in environments of fluctuating salinities such as lagoon and estuar-
ies with restricted circulation. Anaerobic conditions suggested by the presence of



12 Olugbenga A. Boboye & Izuchukwu M. Akaegbobi

60

[$2)
o
!

30 -

20 -

Number of planktonic forams

10

0 -
W O O 9O O ® O ® 9O e ©O O ©O O © ©
M © © W O ®w LW W O ®w © ©» © W = ©
® ©®© o o O O O O - = = o o o ®o m
N 4 N N »® ® ® ® o m ™ O o O o o
Depth (m)
Figure 6. Variation of planktonic foraminifera with depth.
30
[2]
c 25
©
o
o
@ 20
o
@
©
o 15
[
o
«“
S)
5 107
o
£
Zz 57
0 -
m © O O O ® O ® O ® © ® © ® O ©
@ € O m O o W ¥ O ©® © O © W = ©
¥ ® & O O © O O - = - o o o O o
N X N4 A d® O d® d» ™o ®m o®m &H oo »m O ®
Depth (m)

Figure 7. Variation of calcareous foraminifera with depth.

the dark shale occurred during the deposition of the Kalambaina Formation and
that the transgression was at its weak band fully marine conditions were obtained
(Okosun, 1999). The high productivity of some of the microfauna in addition to
the absence of agglutinated foraminifera in Kalambaina formation corroborates
this deduction. The presence of larger foraminifera such as Operculiniodes bermu-
dezi (Kalambaina Formation) indicates a shallow depth of deposition. Nummulites
are symbiont that associate with algae and flourish in clear warm water of normal
salinity within the photic zone generally found at shallower level of less than 50 m.
The abundance of benthonic foraminifera indicates shallow depositional environ-
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Figure 8. Variation of Planktonic/Calcareous (P/C) foraminifera with depth.

ment. Petters (1982, 1984) reported that the Dange Formation and Gamba shale
Formation which consists of shale lithofacies contain rich but low diversity agglu-
tinated foraminifera, while the marl bed interbeds contain both agglutinated and
calcareous species but with preponderance of the calcareous forms. The Kalam-
baina Formation contains mainly calcareous forms with reduced or no agglutinated
fauna. It was observed that the Kalambaina Formation contains only calcareous
fauna (Tables 3, 4). It can also be concluded that the Palacocene carbonates facies
of the Sokoto Basin were deposited during periods of fluctuating salinities and at
more shallow depths. The restriction of agglutinated foraminifera to the Dange
Formation suggests a transitional or marginal marine palacoenvironment for its
deposition.

The agglutinated forms like Haplophragmoides hausa and Ammobaculites expan-
sus, which have least demand for carbonate shell construction are most abundant in
hypersaline conditions which typify marginal marine environment and the presence of
hyaline forms such as Midwayensis parallela expansa suggest that hypersaline condi-
tion prevailed during the deposition of the sediment of Dange Formation. On the
basis of the fauna characterizing Kalambaina Formation and Gamba shales, the envi-
ronment of deposition is inferred to be inner neritic environment.

The black shale and its associated diagenetic pyrites crystals suggest deposition
in anaerobic environment that resulted from restricted circulation at the early stage of
the transgression during the deposition of Dange Formation. During the deposition
of Kalambaina Formation, a freer circulation became dominant. The intercalation
of gypsiferous horizons in the shale facies corroborates salinities and arid climate.
The Wurno Formation marks the end of Late Maastrichtian depositional cycle and
a renewed phase of coastal plain sedimentation. It is very similar to the Taloka For-
mation which exhibit horizontal beds, burrows, and composed of muddy siltstones,
mudstones and fine-grained sandstones at the base of the Wurno Formation which are
not well exposed at the type sections.

An arenaceous foraminifera assemblage occur at the lower and middle sections
of the Wurno Formation at the type section, this include Miliammina sp., Textularia



14 Olugbenga A. Boboye & Izuchukwu M. Akaegbobi

sp., Ammobaculites sp., and Trochammina sp. These are evidences of marine influence;
hence most of the Wurno formations could be placed within the Palacocene marine
cycle (Parker, 1964). The Wurno Formation is succeeded with thickness of about 10 m
of gypsiferous shale.

The Dange Formation is rich in Palaeocene vertebrate remains, and also contains
a sporadic arenaceous foraminiferal assemblage. However, there is a 1m thickness of
marl in the lower section that is shelly in some locations and also contains abundant
Cibicides simplex, in addition to arenaceous foraminifera. The Kalambaina Formation
of over 10 m thickness in outcrop is highly fossiliferous marl embedded with limestone
nodules, and some very argillaceous parts. It is rich but low diversity of molluscan and
echinoid megafossil assemblages have been reported (Parker, 1964). The Kalambaina
Formation was deposited during the maximum extent of the last Saharan Epeiric
Sea. Its deposits overstep those of the Maastrichtian transgression, and contain a
rich, warm, and shallow-water benthonic foraminiferal assemblages comprise mainly
of Rotaliids, Cibicidis, Nonionids, Pararotalia, Elphidiella and the larger foraminifera
Operculinoides bermudezi.

The foraminiferal assemblage of Dukamaje Formation includes Ammobaculites
sp., Ammodiscus siliceus, Haplophragmoides excavata, Textularia sp., Trochammina sp.,
and traces of Qrbignyna inflata. The marl band has an admixture of predominantly
calcareous taxa, together with a subsidiary content of arenaceous species. Calcareous
forms include Guembelitria cretacea, Gavelinella sp., Nonion sp., and Nonionella sp.
There is re-occurrence of an entire arenaceous assemblage in the upper shale unit of
the Dukamaje Formation. The presence of Guembelitria cretacea supports Late Maas-
trichtian age for the formation. The youngest fossiliferous marine strata in southeastern
Sokoto Basin are those of the Gamba Formation, which is greenish grey phosphatic
shale with sharks’ teeth and arenaceous foraminifera. The Gamba Formation is about
2 m thick in outcrop but is missing in some localities due to disconformity. The shale
of Gamba Formation represents a regressive deposit which marks the final withdrawal
of the sea from the region.

The samples retr