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Abstract

The nature and distribution of potential resource-bearing rocks are key in geological
exploration. Palaeogeographic reconstruction of sedimentary basins provide important
information on the prevailing environmental conditions during their deposition and hence
serves as potential resource indicator. This study focuses on areas around Amofu, present-
day Enugu state, Southern Benue Trough, Nigeria. Detailed Geologic mapping involving
lithologic description was undertaken in order to decipher the underlying rock types and
stratigraphy. Also micropalaeontological analysis was carried out on representative samples
from the area to ascertain the foraminiferal biostratigraphy, establish the age of the rocks,
and interpret the palaeodepositional environment of the area. The area is underlain by shale,
heteroliths of shale-siltstone and shale-sandstone, and sandstone units. Twelve planktonic
foraminiferal species were recovered (Guembelitria cenomana Guembelitriacretacea,
Heterohelix moremani, Heterohelix globulosa, Heterohelix reussi, Hedbedgéilaensis,,
Hedbergella planispira, Hedbergella simplé¥hiteinella archeocretaceaWhiteinella
baltica,. Whiteinella apricaand Whiteinella inornate) Only planktonic foraminiferal species
were present, indicating essentially open marine environment. The preponderance of
calcareous tested species also indicates shallow marine conditions. Other microfossils
recovered include gastropod Turritella and Ostracod. Based on diagnostic short-ranged
foraminifers of the Whiteinellaand Guembelitiriaspecies recovered, an age of Mid Aptian to
Latest Turonian is assigned to the rocks in the study area. Integrated field, micro-, and trace
fossil assemblage studies overall suggest a lower shoreface palaeodepositional environment,
with a low thermal gradient, reduced water mass stratification, and a well-developed oxygen

minimum zone.
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Introduction

Palaeogeographic reconstruction of sediments in sedimentary basins provide important
information on the prevailing environmental conditions during their deposition and hence
serves as potential resource indicator. It often requires determination of spatial and temporal
distribution as well as relationships of strata that generally represent diverse environments
of deposition. Integrated lithostratigraphic and biostratigraphic studies, as well as sequence
stratigraphic analysis are very important tools that aid a much reliable paleogeographic
reconstruction (Tew and Mancini, 1995). The intensive studies of foraminifera in sediments
of Southern Benue Trough during the last two decades have proved them to be very useful
for regional correlation to ascertain palaeoenvironments of deposition and age determination

over the Cretaceous period.

Detailed geologic mapping and lithologic description were carried out at Amofu and the

environs, in the present day Enugu state. It lies within the Abakaliki basin, southern Nigeria

(Fig. 1). It is bounded by latitudes 6 05'Nto 6 10°N of the equator, and longitudes 7 40°E to

7 45°E of the Greenwich Meridian, covering an area of 85.56 km? (Fig. 2). Foraminiferal

assemblages from the clastic sediments in the area were recovered and analyzed.

The present geological study was undertaken to assess the lithofacies and biofacies within
the area to ascertain the foraminiferal biostratigraphy, establish the age of the rocks, and
reconstruct the palaeodepositonal environment in which the sediments in the area were

deposited.
Geological Setting

The Southern Benue Trough, in which the Abakaliki basin is located, is an elongate NE-SW
trending intracratonic depression, with length of over 1,000 km and width of about 250 km
(Nwajide, 2013) flanked on either side by Precambrian rocks. The elongated appearance of
the trough tends to suggest some sort of structural control for its formation, hence has led to
a number of propositions, ideas or models for its origin and evolution. These and more recent
models based on modern concepts of plate tectonics are well documented in the works of
Wright (1968), Grant (1971), Burke et al (1971, 1972), Olade (1975), Ofoegbu (1984) and

Benkhelil (1986). Three major tectonic events have been identified in Southern Benue Trough.
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They include the Albian phase, the second Santonian thermal phase and the third Eocene
structural inversion event. These are well recorded in Short and Stauble (1967); Murat,
(1972); Obi et al,, (2001). Of the three tectonic events, the Santonian compressive movement,
terminated sediment deposition in the Abakaliki basin. It resulted in folding, uplift, faulting,
magmatism, and creation of the Abakaliki Anticlinorium, which laterally translated the
depocenter westward and eastward forming the younger Anambra and Afikpo basins

respectively (Nwachukwu, 1972; Benkhelil, 1982).

Thus, the stratigraphic succession of the Abakaliki Basin is pre-Santonian in age and has been
established as the Asu River Group, Eze-Aku Group and Awgu Formation (Table 1). The
stratigraphic successions and sedimentologic history of the basin are well documented in
Hoque (1976) and Ojoh (1992). The Albian Asu River Group comprises the oldest marine
deposits in the Southern Benue Trough. It consists dominantly of very thick, dark grey shales,
which are typically calcareous, with subordinate fine-grained, micaceous sandstones,
micaceous siltstones and limestones (Cratchley and Jones, 1965). This Eze-Aku Group
comprises thick flaggy calcareous shales, bluish non-calcareous shales, sandy or shelly
limestones and calcareous fine to medium-grained sandstones (Reyment, 1965, Umeji, 2000).
The Awgu Formation overlies the Eze-Aku Group and consists of greyblue shales, with
subordinate limestones and calcareous sandstones whereas the Agbani Sandstone is made
up of a medium- to coarse-grained bioturbated sandstones. The Awgu Shale contains

Turonian foraminiferas at its base and Coniacian ammonites at its top (Benkhelil, 1986).

Materials and Method of Investigation

The study approach involved both field data outcrop mapping, and analyses of data. Study
tools include compass, topographic maps obtained from Nigerian Geological Survey Agency
(NGSA), GPS, geological hammer, sample bags, dilute acid and field notebook. The software
employed include GIS software, (ArcGlS), sedimentological logging tool, (SedLogTM 3.1), and

Excel.

Twenty-Six outcrop locations were studied and sampled systematically essentially along river
channels for the sedimentological, tectonic and biostratigraphic characteristics. The rock
records were further subjected to various analyses for presentation. The lithologic succession

was represented using SedLog TM 3.1. This was followed by detailed facies analysis to aid
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paleo-environmental interpretation. Representative shale samples collected from outcrop
sections from 6 locations were taken to the laboratory for micropalaeontological studies in
the Organic Chemistry Laboratory, Department of Geology, University of Nigeria. The
preparation of the samples in the laboratory for micropalaeontological analysis strictly

followed standard procedures (Armstrong and Braisier, 2005).

Fifty grams of each sample was weighed using a weighing balance and then dissolved in a
beaker containing kerosene. This was allowed to stand for 48 hours, after which the kerosene
was decanted and water was added to the beaker such that the sample was completely
submerged and allowed for 24 hours. Each dissolved sample was washed in a 63 micron sieve
mesh with the aid of jet stream of water and detergent, until all the mud was completely
removed. The shale residues containing fossils were allowed to dry for 24 hours. The dried
samples were poured into fossil plate for fossil identification under the paleontological
binocular microscope. Fossils were picked using picking brush based on its diagnostic forms
and placed in a fossil box for more detailed description. Precautions taken to avoid
contamination of samples include rewashing of the sieve mesh after sieving a particular
sample and cleaning up the fossil plate and picking brush after each use. A comprehensive
foraminiferal aloum was used as guide in the identification, naming and description of the
fossils. The information obtained was plotted on a foraminifera distribution chart. The age
determination of the sediments in the area was based on the use of last appearance datum
and first appearance datum of age diagnostic foraminiferal species. Identification of species
assemblage that represent a particular depositional environment was also carried out during

the biofacies analysis.

Results and Discussion

Lithofacies Analysis

The results show 4 distinguishable lithofacies based on lithology, colour, grain size, texture
and sedimentary structures. They are: (1) shale facies (F 1); (2) heterolithic shale-siltstone

facies (FA 2); (3) shale-sandstone facies (FA 3); and (4) sandstone facies (FA 4) (Fig. 3).
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Shale Facies (F 1)

Description: The shale facies (F 1) is the most common facies in the area and has two
subordinate lithofacies. These are the calcareous shale (F 1a) and non-calcareous shale (F 1b)
sub-lithofacies. The calcareous shale (F 1a) sub-lithofacies are generally dark grey, fissile,
moderately to highly indurated and calcareous (Fig. 4a). At some locations they are
micaceous, appear as grey to yellow or yellowish brown and intensely fractured, resulting in
a closely spaced fracture network (joint set). The fractures trend generally in the NNE-SSW
direction. The beds are generally tilted with dip amounts ranging from 8° to 18° and varying
dip directions towards NNE, SSW and NNW. A well-developed exposure of the calcareous
shale sub-lithofacies is along the Asu-River in Umuezeochie, where it extended laterally for
about 35 m and consists of alternations of “thin” fissile shale beds with relatively “thick”
moderately-indurated shale beds. The thin beds are 8-10 cm thick, while the moderately

indurated shale beds are 0.7-1 m thick.

The non-calcareous shale (F 1b) sub-lithofacies have been grouped into two based on
variation in colour, namely: dark grey norcalcareousshales (F 1b-dg) and grey non
calcareoushales (F 1b-g). The colour may also be suggestive of organic matter enrichment
and environmental conditions during deposition. A good representative of the dark grey non
calcareous shale (F Hg) is at Nwowu. Here, it consists of alternations of very thin (6-8 cm)
moderately indurated micaceous dark grey mudstones with about 20 cm thick fissile, dark
grey shale, having an overall thickness of approximately 2 m (Fig. 4b). At some other locations,
the dark grey non-calcareous shales are well exposed, fractured but lack bedding planes. The
grey norgcalcareous shales (F-tfdin most places are weathered, appear grey to yellowish
brown, fissile and fractured. The representative section of this sub-lithofacies occur at

lhuakpu, along Evu River.

Interpretation: The deposition of shales indicates settling from suspension in a very low
energy setting. The dark grey shales (F 1a) and (F 1b-dg) indicate presence of organic matter
under reducing conditions. The occurrence of calcareous shales (F 1a) suggests a shallow
marine environment, rich in marine life that have calcareous shells and skeletons. These shells
and skeletons constitute calcareous materials from which calcium carbonate is made
available during burial and dissolution by groundwater moving through the sediment. The

alternation of shale with mudstone at Nwonwu suggests an alternation of periods of



Fig. 4: () Dark grey, fissile calcareous shale (b) Non-calcareous shale at Nnwowu showing
centimeter scale alternations of moderately indurated mudstones with fissile shale. (Note geologic



guiescence in water, which allowed gradual settling of the suspended clay-size particles in
layers, thus forming the shales and the rapid influx and deposition of silt-sized particles

alongside clay-size particles giving rise to the mudstones.

Heterolithic Shale-Siltstone Facies (F 2)

Description: This facies consists of repeated interbedding of dark grey to greyish brown shales
with moderately to highly indurated grey to yellowish brown siltstones. The shale bed
thickness varies at different locations with an average thickness of 0.5 m, while the siltstone
beds have an average thickness of 0.1 m. The beds generally tilt at angles ranging between 8°
and 12°, with beds oriented in the NNW-SSE direction, dipping towards WSW. The exposed
sections at Amanator, Ezza and Uhuobia have occurrences of shale and siltstone heterolithic
units within a distinct shale-siltstone interbed (Fig. 5). However, at Amanator, the heterolithic
unit overlies a 0.7 m thick wavy laminated siltstone. In addition, the exposures at Amanator
and Ezza comprise subordinate (10-30 cm thick) greyish fine-grained, fossiliferous limestone

(Fig. 6). Body fossils observed are sparse pelecypod shells.

Interpretation: The shale-siltstone interbed suggests an overall low velocity regime with
minute changes in energy due to occasional sea-level fluctuations. Heterolithic units could be
the result of fluctuations in sediment supply and tidal velocity. The wavy-laminated siltstone
just below the heterolithic unit at Amanator, suggests wave influenced sediment just below
the fair-weather wave base, which are typical of lower shoreface. The associated limestone
beds with the succession of siltstones with shales in the area may be due to periods of low
supply of terrigenous clastic detritus and availability of calcium carbonate at that time. The
body fossil (pelecypod) present is indicative of marine environment and broken shell

fragments may be due to wave action.
Shale-Sandstone Facies (F 3)

Description: The shale-sandstone facies (F 3) comprises interbeds of shale and sandstone. At
Ezza, intensely weathered yellowish-brown fissile shale (0.4 m thick) is overlain by 0.3 m thick
moderately indurated yellowish brown, clayey, very fine-grained sandstone, which is also
overlain by 0.2 m thick highly indurated yellowish brown fine-grained sandstone, with
intensely fractured bed top forming a dense fracture network, oriented essentially ENE-WSW

and ESE-WNW directions. The shale-sandstone facies (F 3) also occurs as 2.2 m thick interbeds
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of grey to yellowish brown, moderately indurated, wavy laminated silty-shales with indurated
fine-grained micaceous sandstones at Umuezeochie. The silty-shales are about 40 cm thick,
while the sandstones are 20 cm thick (Fig. 6b). Notable among the exposures at Amagu, is a
very low outcrop section comprising 0.4 m thick fine-grained, parallel laminated, fossiliferous
sandstone overlying 0.3 m thick greyish brown, fissile shale (Fig. 6e). The trace fossils include
intense bioturbation of bird-foot like trace of Chondrites at the top of the fine-grained unit,
and sub-horizontal to horizontal Planolites burrows of moderate to severe bioturbation
intensity (Fig. 6¢c-d). Additionally, a pronounced exposure was also mapped at same location,
comprising a 30 m laterally extensive (30 cm thick) highly indurated, yellowish-brown, fine-
grained micaceous sandstone overlain by a shaly overburden of about 1 m thick. The
sandstone has subtle internal parallel laminations and intensively fractured, with trends
mainly in the ESE-WNW direction. The beds of the shale-sandstone facies (FA 3) generally dip
WNW direction at angle ranging from 10° to 22° with strike in the NNE-SSW direction.

Interpretation: The wavy laminations on the silty-shales may have formed from movement
of sediment as bedload by traction (or wave) currents at the onset of high velocity. The shale-
sandstone succession at Umuezeochie suggests oscillations between low and high energy.
The Cruzianaichnofacies are represented in nearshore marine and coastal environments
(Pemberton et al., 1992). This ichnofacies association (Chondrites and Planolitesuggests a
shelf area (sublittoral) environment where current action is less intense (Roy, 1978). The

increasing grain size (coarsening upward) of the section at Ezza indicates increase in energy.

Sandstone Facies (FA 4)

Description: This facies consists of fine-grained, yellowish brown sandstones. They are
intensely weathered and slightly indurated. Thickness vary from 1.5 m (with about 2 m thick
overburden) at Ouduma to about 1.3 m at Iruka. The beds at Iruka are gently tilted at angles
of 10° while those at Ouduma are steeply dipping at angles of 42° with strike in the ENE-WSW
direction and dipping NNW.

Interpretation: The fine-grained sandstones indicate moderate energy environment.
Sediment influx may have been as a result of wave action. The lack of sedimentary structures
may be due to intense weathering of this unit or probably due to rapid deposition with less

time to develop structures (Nichols, 2009).
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Fig. 6: (@) Outcrop section at Umuezeochie showing
alternations of fine-grained sandstone with wavy laminated
silty shales. (b) zoomed in view of part of (a). (c) fossil trace:
Planolites (d) fossil trace: Chondritege) Exposure at Amagu
showing fossiliferous fine-grained sandstone.
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Biofacies Analysis

The observed trace and body fossils contained in the rocks of the study area were analyzed,

systematically grouped and described.

The trace fossils which occurred on fine-grained sandstone at Amagu are grouped
ethologically as fodinichnia (sediment processor). Fodinichnia (deposit-feeding burrows)
include the combined activities of feeding and dwelling in sediments and involves the
systematic mining of sediments for food. The maintenance of open burrows by these deposit-
feeding organisms that produce traces of fodinichnia is inferred as enabling them to exploit
the rich organic matter content of the sediment while circulating dysoxic water through the
burrow for respiration (Martin, 2004). The trace fossils observed belong to the ichnogenera,
Chondritesand Planoliteswhich belong to the Cruziana ichnofacies. Intense bioturbation is
common within the Cruziana ichnofacies, and this may reflect abundance and accessibility of

food (Ekwenye et al.,2016).

6 selected shale samples from six different localities were analyzed for body fossils (see Fig. 7
for sampled locations and points where samples were taken). Of the 6 samples, 2 samples
were barren one 1 sample yielded an ostracod species (Clithrocytheridea senegaland
gastropod Turritella and only 3 samples vyielded foraminiferal species indicating poor
recovery. In spite of this, some samples were relatively rich in some forms, but quite depleted
or near absent in others. In addition, the relative sizes of the foraminiferal species vary from
one sample to another. There were also variations in abundance. A total of twelve planktonic
foraminiferal species belonging to 4 genera were recovered. The planktonic genera include
Heterohelix, Whiteinella, Hedbergeltmd Guembelitria A brief description of the planktonic
genera is presented in Table 2. The foraminiferal species recovered include Guembelitria
cenomanaGuembelitria cretacea, Heterohelix moremani, Heterohelix globulosa, Heterohelix
reussi, Hedbergella delrioensis, Hedbergella planispira, Hedbergella sirdyfiigeinella
archeocretacea, Whiteinella baltica, Whiteinella apriemd Whiteinella inornata The
distribution and diversity of the foraminiferal species within the fossiliferous analyzed

samples are shown in Table 3.
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Systematic Ichnology of Trace Fossils

Ichnogenus: Chondritessternberg, 1833
Type Ichnospecies: Chondrites isfFig. 6d)

Description: This is a root-like structure with dendritic branching shafts and tunnels of
uniform diameter ranging from 0.1 to 0.4 cm and the branching angle is relatively constant

between 300 and 400. The burrows are generally clay filled.
Ichnogenus: PlanolitesNicholson, 1873
Type Ichnospecies: Planolites montanuRBichter, 1937 (Fig. 6c)

Description: This consists of unlined, smooth walled, curved to straight cylindrical,
unbranched burrows. The burrow fill is structureless, dark coloured and different from the

host rock. Diameter of 3-5 mm and maximum length of 10-20 cm.
Systematic Description of Foraminiferal Species

1. Genus: GuembelitriaCushman, 1933.

A. Type species: Guembelitria cenoman#eller, 1989 (Fig. 8)

Description: Test is free, small, triserial throughout. Chambers are globular and inflated.
Sutures are distinct and depressed. Aperture is a low interiomarginal arch at base of last

chamber. Maximum height is 120 microns, maximum width 40 microns.
Stratigraphic range: Middle Albian to Earliest Turonian (Hart et al.,1981)
B. Type species: Guembelitria cretace&ushman, 1933 (Fig. 8)

Description: Test is triserial, elongate and its surface decorated with pore mounds. The

species differs from G. cenomanan having a higher apertural arch.
Stratigraphic range: Middle Albian to Earliest Turonian (Hart et al.,1981)
2. Genus: HeterohelixEhrenberg, 1843.
A. Type species: Heterohelix moremanCushman, 1933 (Fig. 8)

Description: Test is free, small, slender, consisting of 6-9 pairs of chambers, which are

uninflated and very gradually increasing in size. Test is also biserial and gently tapering.
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Table 2: Brief description of the foraminifera genera recovered from the analysed sample.

Foraminifera
Genera

Description

Heterohelix

Test either with a minute initial planispiral coil followed by a biserial stage, or

biserial throughout

Whiteinella

It differs from Hedbegellain the presence of portici; from Archaeoglobigerine
in the absence of tegilla and absence of the wide imperforate peripheral band;
from Praeglobotruncanain the absence of imbricated pustules along the
peripheral margin. Whiteinellais a homeomorph of Globotruncanellabut is

segregated because of the wide chronological gap that separates them.

Hedbergella

Its characters changed so slowly during the Cretaceous that only minor
morphological differences developed between H. delrioensisf Albian age and
H. holmdelensisf Maastrichtian age. Hedbergella differs from Globuligerina
and Fausellaby lack of a reticulate ornamentation; from Ticinellaby the
absence of umbilical supplementary apertures and from Whiteinellaby the

absence of portici.

Guembelitia

The very small (1500 — 200 microns), triserial test consists of globular chambers.
The walls are finely perforate, each pore is surrounded by a blunt cone

(sometimes there are two pores per cone).
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Aperture is a low interiomarginal arch formed at base of last chamber, bordered by a narrow

imperforate lip. Maximum length is 120 microns, maximum width 50 microns.
Stratigraphic range: Middle Albian to Late Cenomanian (Hart et al, 1981).
B. Type species: Heterohelix globulos&hrenberg, 1978 (Fig. 8)

Description: Test is free, small and biserial. Chambers globular, increasing rapidly in size as
added, and test tapers towards base. Sutures distinct and depressed. Wall smooth to finely
striate. Aperture is a low arch on the inner margin of the final chamber. Maximum length is

340 microns, width 200 microns.
Stratigraphic range: Cenomanian
C. Type species: Heterohelix reusstushman, 1933 (Fig. 9)

Description: Test is free, small, biserial, tapering. Chambers globular, rapidly increasing in
size; sutures are strongly depressed, giving subtriangular depressions around central sutures.
Wall slightly striate. Aperture is an interiomarginal arch at base of last chamber. Maximum
length is 260 microns, maximum width 160 microns. Distinguished from Heterohelix ¢pbulosa
by the presence of distinct triangular depressions between the chambers and by being more

compressed.
Stratigraphic range: Turonian to Santonian (Caron, 1985).
3. Genus: HedbergellaBronniman and Brown, 1958
A. Type species: Hedbergella delrioensi€arsey, 1979 (Fig. 9)

Description: Test is free, trochospiral, biconvex. Equatorial periphery lobulate. Spiral side with
4- 6 chambers in final whorl, gradually increasing in size as added, circular. Sutures are radial
and depressed, sometimes slightly curved. Umbilical side has 4-6 globular chambers.
Chamber surfaces spinose and papillate, except for the last chamber, which may be smooth.
Sutures are radial and depressed. Aperture is an extraumbilical-umbilical arch extending to
peripheral margin, with spatulate lip. Umbilicus is narrow 1/6 to 1/5 of maximum diameter of

the test. Maximum diameter up to 450 microns, maximum height 200 microns.

Stratigraphic range: Middle Aptian to Early Santonian (Caron, 1985)
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Table 3: Distribution and diversity of planktonic foraminiferal species within the samples
analyzed for microfossils

Planktonic foraminifera Sample locations

UEC/Mgbaleze/02  UEC/Umuezeochie/7 UEC/Umunama/24

Heterohelix reussi 28 15 9
Heterohelix globulosa 7 10 2
Heterohelix moremani 8 5 21
Hedbergella planispira 14 8 11
Hedbergella simplex 1 2 -
Hedbergella delrioensis 9 - 19
Guembelitria cenomana - 21 25
Guenbelitria cretacea - 5 3
Whiteinella archeocretacea 2 11 10
Whiteinella aprica - 2 -
Whiteinella baltica 2 - 16
Whiteinella inornata 2 - 1
Total species 73 79 117
Species diversity 9 9 10
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B. Type species: Hedbergella planispirdappan, 1979 (Fig. 9)

Description: Test is free, very low trochospiral, and appears asymmetrical, with a flat spiral
side. Equatorial periphery lobulate with 6-8 chambers in final whorl, which gradually increase
in size as added. Sutures are radial and depressed, chambers globular with smooth surface.
Umbilical side with 6-8 globular chambers with a smooth surface. Sutures are radial and
depressed. Umblicus 1/3 diameter of test. Primary aperture is extraurnbilical-umbilical,
extending to periphery, bordered by narrow Hp. Maximum diameter is 21 0 microns,

maximum height 80 microns.
Stratigraphic range: Albian to Turonian (Robaszynski and Caron, 1979)
C. Type species: Hedbergella simplexlorrow, 1934 (Fig. 9)

Description: The species shows great morphological variability particularly in the degree of
radial chamber elongation in the last whorl. It is similar to H. flandrini,from which it differs in

the still stronger and more distinct elongation of the last chamber.
Stratigraphic range: Late Cenomanian (Cushman, 1933).
4. Genus: WhiteinellaPessagno et al, 1979
A. Type species: Whiteinella archaeocretace®essagno et al, 1979 (Fig. 10)

Description: Test free, low trochospiral, chambers oval. Spiral side, equatorial periphery
lobulate, sutures depressed, radial and curving forwards in the direction of coiling between
chambers. Chambers increase rapidly in size as added and become elongate in the direction
of coiling. Umbilical side, 4-5 chambers, sutures radial, depressed, straight, later curving
forwards in the direction of coiling. Umbilicus shallow and wide 1/4 to113 of diameter of test.
Primary aperture extra-umbilical-umbilical. Portici extending to center of umbilicus.
Peripheral border nearly imperforate. Maximum diameter is 400 microns, maximum height

200 microns.
Stratigraphic range: Latest Cenomanian to Early Coniacian (Robaszynski and Caron, 1979)

B. Type species: Whiteinella balticaDouglas and Rankin, 1979 (Fig. 10)
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Description: Test is free, trochospiral; chambers are circular. Equatorial periphery lobulate.
Spiral side has 4- 5 chambers. It is globulose and rapidly increasing in size as added. Umbilical
side, 3 and a half to 5 chambers, globose and spinose. Sutures radial and depressed, umbilicus
narrow, less than 1/4 of test diameter. Primary aperture is extraumbilical to umbilical
bordered by porticus, covering umbilicus. Maximum diameter up to 450 microns, maximum

height 200 microns.
Stratigraphic range: Albian
C. Type species: Whiteinella apricaLoeblich and Tappan, 1985 (Fig. 10)

Description: Test is free, low trochospiral consisting of two whorls. Equatorial periphery
lobulate. Spiral side 5-7 globulose chambers with pustulose surface, increasing slowly in size
as added, sutures radial and depressed. Umbilical side, 5-7 globulose, pustulose chambers.
Sutures are radial and depressed, umbilicus shallow and wide up to a 1/4 of the diameter of
the test. Aperture is an extraumbilical-umbilical extending towards the periphery, bordered
by a porticus. Distinguished from Whiteinella brittonensi$Loeblich and Tappan, 1961) by its
lower trochospire and flaps in the umbilicus. Maximum diameter 500 microns, height 200

microns.
Stratigraphic range: Latest Cenomanian to Late Turonian (Robaszynski and Caron, 1979)
D. Type species: Whiteinella inornataBolli, 1957 (Fig. 10)

Description: W. inornata differs from W. archaeocretacean the acute and imperforate

peripheral margin.

Stratigraphic range: Early Turonian (Sigal, 1952)

Systematic Description of Gastropod Species

Family: TURRITELLIDAE Love’'n, 1847

Genus: Turritellasensu lato Lamarck, 1799

Type species: Turritella seriatimgranulat®oemer, 1849 (Fig. 11)

Description: Shell is small, slender. Pleural angle narrow (150). Protoconch and earliest

juvenile whorls unknown. Late-juvenile whorls (approximately 1.75 mm diameter) with four
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(R, A, B, and C) nearly equal and squarish ribs, interspaces deep and smooth and about same

width as ribs.
Stratigraphic range: Late Aptian to Late Albian.
Morphological Description of Ostracod

The recovered species Clithrocytheridea senegdhig. 11) has a bean-shaped shell with curved
anterior margin and more broadly rounded posterior with rounded edges. Its surface is

smooth. This is comparable to the forms recovered by Alexander, (2002).
Stratigraphic range: Turonian.

Discussion
Age and Biostratigraphy

Foraminiferal analysis of the samples yielded four planktonic foraminifera genera, of which
Heterohelix followed by Hedbergella are the most abundant, while Whiteinella is scarce to
common. Guembelitria is present but less common (Tables 3). The foraminiferal abundance,

diversity and recovery was poor.

Whereas the Hedbergellids and Heterohelicids are long ranging, the Whiteinellas and
Guembelitiriasare relatively short ranged and have been used together with Turritella to
assign Middle-Aptian to Latest-Turonian to the sediments (shales, siltstones, sandstones and
limestones) which constitute the lithostratigraphic units in the study area. (Fig. 5). Ostracods
are long ranging and thus are not crucial for age dating; in fact, ostracod assemblages in the
Late Createceous and Early Palaeogene are similar, and their age is inferred by planktonic
foraminifera (Ashu et al.,2015). Whiteinella aprica, and Whiteneilla archaeocretaca species
have their bases in the Late Cenomanian and range to Turonian. According to Murray (1991);
Robaszynski and Caron (1995), the first occurrence of Whiteinella archaeocretacea clearly
marks the Early Turonian. Also recorded in the Early Turonian is the Early Turonian include
Heterohelix pulchraand Heterohelix reussassemblage (Ehinola, 2010). In addition, the
association of Whiteinella inornata Heterohelix globulosand Hedbergella planispiraas
been used to assign a Middle Turonian age (Ehinola, 2010). Guembelitiria cenomanand

Guembelitiria cretacespan from Mid- Albian to Early Turonian.
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Image Source: Falzoni et al. 2016 Cret. R

Caption in source uembelitria cenom:

Nc
Location: SLT 360 ; 43.99N; 6.39E ;

r, Vocontian Trough, SE

Geological age: R. cushmani zone

G. cenomana

Image Source: Smith & Pessagno 1973
Caption in source: Guembelitria cretacea
Status: -

Notes: 2; cretacea_S&P73;P1F1-2F4.jpg; K110
Location: ; ;

Sample:

Geological age: Cretaceous

Image Source:

Caption in source: Planoheterohelix moremani
Status: hypotype

Notes: 5; 158_moremani_hypotype_1.jpg; K158
Location: ; ;

Sample: ODP Site 1050

Geological age: Cretaceous

H. moremani

Image Source: Nederbragt 1991

Caption in source: Planocheterohelix globulosa

Status: -

Notes: 4; 156_globulosa_nederbragt1991_300.jpg; K156
Location: ; ;

Sample:

Geological age: Cretaceous

H. globulosa

Fig. 8: Recovered foraminiferal species from Samples analysed (left column). Type species of recovered
foraminiferal and their sources (left column) (image source database: microtax.org/pforams
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Image Source: Haynes et al. 2015

Caption in source: Planoheterohelix reussi

Status: hypotype

Motes:

Location: Tanzania Drilling Project Site 31, southeast Tanzania; ;
Sample: TDP31/27-2, 15-25

Geological age: |late Turonian

H. reussi

Image Source: Falzoni et al. 2016 Cret. Res. P forams
Caption in source: Muricohedbergella delrioensis
Status:

Notes:

Location: SLT 2250 ; 43.99N; 6.39E ;

Sample: "Clot Chevalier, Vocontian Trough, SE France™
Geological age: W. archaeocretacea (7/7

Hd. delrioensis

Image Source: Falzoni et al. 2016 Cret. Res. P forams from C-T boundary
Caption in source: Muricohedbergella planispira; scalebar 100 pm
Status: holotype

Notes:

Location: ; ;

Sample:

Geological age: 0

Image Source: Eicher & Worstell 1970
Caption in source: Hedbergella simplex
Status: -

Notes: 3; 122_Image_ 3.JPG; K122
Location: ; ;

Sample:

Geological age: Cretaceous (4

Hd. simplex

Fig. 9: Recovered foraminiferal species from Samples analysed (left column). Type species of recovered
foraminiferal and their sources (left column) (image source database: microtax.org/pforams 24



Image Source: Robaszynski & Caron 1979
Caption in source: Whiteinella archaeocretacea
Status: topotype

Notes: 270_Robaszynski Caron 1972 Pl 33-1.jpg
Location: ; ;

Sample:

Geological age: Cretaceous

W. archeocretacea

File name: DSDP Site 511-272~c.JPG
Image Source:

Caption in source: Whiteinella baltica
Status: -

Notes: 7; 272_272_image_9.jpg; K272
Location: ; ;

Sample: DSDP Site 511

Geological age: Cretaceous (z/ 5

W. baltica

Image Source: Huber et al. 2017 News! Strat; Turonian Tanzania
Caption in source: Whiteinella aprica; scalebar 100pm

Status:

Notes:

Location: Tanzania Coastal plain - near Lindi; -10.028N; 39.637F;
Sample: "TDP 31-28-1, 25-35 cm. ™

Geological age: Turonian; H. helvetica zone (4,5

W. aprica
Image Source: Eicher & Worstell 1970
Caption in source: Whiteinella inorata
Status: -
Notes: 9; 268_Image_9.JPG; K268
Location: ; ;
Sample:
Geological age: Cretaceous (= /4

- 200um :
i ; W. inornata

Fig. 10: Recovered foraminiferal species from Samples analysed (left column). Type species of
recovered foraminiferal and their sources (left column) (image source database: microtax.org/pforams)
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Palaeoenvironmental Interpretation
Integrated data from lithofacies and biofacies analyses were used in the palaeo-depositional
environment interpretation of the area. Based on the data, a gross lower shelf-shoreface has

been interpreted for the area.

Interpretations from lithofacies analysis have shown that several factors controlled
sedimentation, hence controlling depositional environment during the times the sediments
were being deposited. Figure 13 shows a conceptual block depositional model that displays
the spatial relationship of the lithofacies identified in the study area. Continued rise in sea-
level led to the deposition of the shales, which is dominant across the area. The grey non-
calcareous shales (F 1b-g) sub-lithofacies was deposited in a low energy, relatively low
oxygenated conditions, open marine shelf environment, in water-depth probably less than 50
m (Gebhardt, 1997). Nichols (2009) suggests that the formation of dark-grey (or black) shales
on shelves occurs provided the supply of organic material is greater than the rate at which it
can be broken down. Some physical, biological and chemical factors may have restricted
calcareous biofauna to the northern part of the area, thus making calcium carbonate available
during deposition. The shale-siltstone (F 2) and shale-sandstone (F 3) interstratification within
the area is an indication of sediments deposited at various episodes of relative sea level
changes. Reading and Collinson (1996) suggests that the interbedded siltstones and shales
indicate equal periods of suspension and bedload deposition with bedload deposition
increasing seaward. The heterolithic facies (F 2) and (F 3) suggest storm influenced sediment
below the fair-weather wave base, which are typical of lower shoreface (Simpson, 1954 and
Amajor, 1987). The Wave ripple laminations are storm generated sedimentary structures
formed below fair-weather wave but are typical of lower shoreface sequences (Walker and
Plint, 1992). The associated limestone beds with the heteheroliths in the area may be due to
periods of low supply of terrigenous clastic detritus and availability of calcium carbonate at
that time. The occurrence of burrows of deposit feeders (Chondritesand Planolite$ further
buttress the shelf-shoreface environment for the sediments (Roy, 1978). The fine-grained
sandstones indicate moderate energy environment and sediment influx may have been as a

result of wave action.

The poor foraminiferal recovery may be attributed to poor preservation due to long exposure

to weathering or age of the rocks and possibly depth of maximum burial. The abundance and
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(c)

Fig. 11: (@) Gastropod Turritellarecovered from analysed sample. (b) Sketch gastropod
showing names of important of some body parts (c) Ostracod Clithrocytherideaenegali
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diversity of planktonic organisms is controlled by the supply of nutrients and the surface
temperature of the water (Nichols, 2009). Thus, the low abundance and diversity of
planktonic foraminifera may be suggestive of unfavourable environmental condition and lack
of nutrient supply at that time. Nichols (2009) opined that shoreface environments usually
have the most diverse assemblages of benthic fauna and flora due to the well-oxygenated
conditions of the wave-agitated water and the availability of light. This implies that overall
absence of benthic foraminiferal species in the samples indicates anaerobic bottom water

conditions and suggests shallow marine (shoreface) setting.

Heterohelix and Guembelitria are associated with greater depth zones, while species such as
Whiteinella baltica is restricted to shallow waters, a fact confirmed by isotopic analysis (Hart,
1999). Guembelitia cretaceaand Hedbergellaspecies are linked with warm humid climates,
low salinity, temperature and low oxygen conditions (Boersma and Premoli-Silva, 1988;
Keller, 1993; Malarkodi et al, 2010). In line with this, Gebhardt (1997) stated that the
Turonian marine transgression in Southern Benue Trough are accompanied by lower oxygen
levels and possibly, reduced salinities (Gebhardt, 1997). Recent as well as fossil Turritellidae
have been studied by stable isotopes (Allmon et al. 1992; Teusch et al. 2002). Recent
Turritellidae live in a wide range of environments, mainly shallow infaunal or epifaunal, most

commonly in waters less than 100 m deep. They prefer normal marine salinities.

Distribution patterns of Cretaceous planktonic foraminifera are useful for palaeodeposional
environment reconstructions, and may reflect temperature gradients of the Cretaceous
oceans and epicontinental seas (Berquist, 1969; Douglas, 1972). The absence of Rotaliporids
can be explained by the shallow water depth, low thermal gradients, reduced water mass
stratification and well developed oxygen minimum zone (OMZ) (Caron and Homewood, 1983;
Leckie, 1987). During the Mid to Late Cretaceous, Heterohelicidshrived in low oxygen marine
environments with well-developed oxygen minimum zones (OMZ) (Hart and Ball, 1986; Resig,
1993). This corroborates with the view of Odumodu and Mode (2014) that Chondritesmaking
organisms is influenced more by oxygen deficient conditions. He concluded that Chondritess
reflective of environmental tolerance of oxygen levels lower than any other ichnogenera.
Thus, the presence of Chondritesin a deposit indicates very low oxygen levels (dysoxic
conditions) in the interstitial waters within the sediment at the site of burrow emplacement

(Bromley and Ekdale, 1984). Open-burrow-fodinichnial traces are maintained by the deposit-
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Fig. 12: Chart showing age ranges for recovered planktonic foraminifera
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feeding organisms (Chondrites and Planolite® enable them exploit the rich organic matter
content of the sediment and at the same time circulating dysoxic water through the burrow
for respiration (Martin, 2004). The presence of Planolites within the fine-sandstone suggests
reduced salinity, and stressful depositional environment (Durogbitan, 2016). The ostracod
species recovered from the area might be more tolerant of reduced oxygen and salt contents
(Ehinola, 2010). The low number of individuals and species or non-occurrence of ostracod in
the Abakaliki fold belt may be attributed to marine anoxic/dysoxic conditions (Okosun, 1987;
Fayose and De Klasz, 1976).

In addition, stable isotope ranking indicates that all Hedbergellaspecies lived in surface or
near-surface waters (Price and Hart, 2002), as also indicated by paleogeographic distribution
and abundance patterns in open ocean and shallow epeiric sea environments (Hart and

Bailey, 1979; Leckie, 1985; Hart, 1999).

Conceptual Depositional Model

Integrated lithofacies and biofacies analyses has provided data for generation of a conceptual
depositional model for the study area (Fig. 13). The biofacies analysis has helped to constrain
the depositional environment to shallow marine, specifically the lower shoreface. Lithofacies
analysis have also provided useful data for interpreting processes that were prevalent during
sediment deposition and their environments of deposition. To aid the generation of the
model, some of the lithofacies were regrouped based on pattern of deposition of sediment
package and colour. The shales lithofacies (F 1) and subordinate lithofacies F 1a and F1b were
regrouped into two, namely, dark-grey shale (Sh-Dg) and grey shale (Sh-G). The heterolithic
shale-siltstone lithofacies (F 2) and the heterolithic shale-sandstone lithofacies (F 3) were

merged as one facies, namely, shale-siltstone-fine sandstone (Sh-Slt-Fs) (Fig. 3).

The depositional sequence in the area began with the deposition of dark-grey shales in a much
distal part of the lower shoreface (close to proximal offshore) in a quiet and low energy
setting. Alternating periods of moderate and low energy brought in silts and fine sands that
formed interbeds and heteroliths with the shales which settled from suspension in the water.
A period of increased sea level and low energy setting, but less organic matter, resulted in the
deposition of the grey shales in a much shallower depth relative to the dark-grey shales. The

low organic matter content may be as a result of increased unfavourable conditions (low
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saline, stressed and dysoxic setting) for the organisms to thrive. This was followed by an
increased energy of the transport medium that resulted in the deposition of the sandstones

at the proximal lower shoreface (close the lower/upper shoreface transition area).
Conclusion

Detailed Geologic mapping and lithologic description of outcrop sections in Amofu and the
environs indicate that the area is underlain by 4 lithofacies, namely, shale lithofacies (F 1),
heterolithic shale-siltstone lithofacies (F 2), heterolithic shale-sandstone lithofacies (F 3), and
sandstone lithofacies (F 4). Integrated lithofacies and biofacies analyses provided evidence
that the sediments in the area were deposited in shallow marine environment, particularly,
the lower shoreface. Data from biofacies further suggest low thermal gradients, reduced
water mass stratification, well developed oxygen minimum zone (OMZ), low to normal
salinity, low temperature, warm humid climates and bathymetry less than 100 m deep. The

beds essentially strike NNE-SSW with dip direction NNW and average dip amount of 20°

Based on the fossil assemblage of Whiteinella, Guembelitiria,and gastropod Turritella, the

rocks in the study area have been assigned Mid-Aptian to Late Turonian.
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