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ABSTRACT
The present study area is bound within the latitude of 5055” N to 6° 0’ 0” N and longitude of 7055” E to 8° 1’ 0” E in the Southern Benue Trough, within the Afikpo syncline and Abakaliki anticlinorium, in south eastern Nigeria. The shale unit underlie the bioturbated sandstone unit. Sedimentary structures were also observed in the study area, which include tabular cross stratification, beddings, herribone structures, asymmetrical ripples and trough cross beds. Asymmetrical ripples and trough cross beds indicates a high energy current. These bioturbated sandstones have high altitude (deeply steeping strikes and dips). This might be due to less period of exposure to erosion. The mapped area is drained by the streams of the Cross River system and Ebonyi River (Asu River). Compass/clinometers were used to obtain several measurements from outcrops within the study area. Samples gotten from the area of study were also taken to the laboratory for detailed analysis. Some rocks of economic importance were also seen like limestone, etc. The inferred depositional environmental of the study area include fluvial to near-shore, and marginal to open marine.
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CHAPTER ONE
INTRODUCTION 
1.1 Background of the study
Geological and geophysical studies have enabled a rather broad understanding of the geology of the Benue trough. Only in the latter part of the 20th century that a more understandable picture of the structural framework within which the Benue Trough has been resolved. Benkheli (1982) and Guiraud (1993) deduced that the Benue Trough is thought to be as a collection of pull apart basins related to strike-slip movement along deep-seated basement shear zones of pan African origin reactivated as oceanic transform faults. Proof of this view can be deduced from field evidence in the northern Benue Trough where the climate and the nature of the sedimentary units allow for classic geologic study. The fine grained nature of most of the units and dense vegetation in the southern Benue trough as a result of a wet tropical climate have hindered field studies and created a missing link in the proper explanation of the structural framework of the basin (Okonkwo, 2014). Afikpo basin is located in the southern Benue Trough between the Abakaliki anticlinorium running northeast. It forms part of the lower Benue Trough and the adjacent Anambra Basin. The Ezeaku formation is believed to represent typical shallow water deposit consisting of grey to black shales and siltstones. Sedimentation took place in the Afikpo basin ranging in age from Cretaceous to Maastrichtian. The thickness of this formation varies and may be up to 100m thick and passes laterally into sandstone ridges at Amasiri sandstone, calcareous rocks and sandy calcareous rocks.
1.2 Aims and objectives:
· To produce a geologic map showing detailed description of the lithologies as well as the structures present in the study area.
· To identify mapable rock units and logging
· To study the lithostratigraphy of Ekerekunta and its Environs 
· To deduce the geologic history and possibly geologic time sequence of the deposition 
· Description of the different lithologies (geologic details) encountered 
1.3 Location of the Study Area 
The present study area is bound within the bearings 5055” N to 6° 0’ 0” N and 7055” E to 8° 1’ 0” E in the Southern Benue Trough within the Afikpo syncline and Abakaliki anticlinorium in south eastern Nigeria. Various locations in the study area include: Ekerekunta, Akpoha, Ogoubi, Okpoezi, Amaeta Enu. Accessibility was by road and tracks and interconnected bush paths. The Abakaliki-Afikpo highway also provides a good accessibility into the study area and out.
[image: ]
Figure 1 : Accessibility map of the study area
1.4 Physiology and Topography 
Afikpo is about 164 square kilometers in size with an undulating topography an elevation of 17m above mean sea level. The shale units underlie the bioturbated sandstones. These bioturbated sandstones have high altitude (deeply steeping strikes and dips). This might be due to less period of exposure to erosion.
[image: ]
Figure 2 : Topographical map of the study area
1.5 Drainage
The mapped area is drained by the streams of the Cross River system and Ebonyi River (Asu River). The drainage in the area consist of series of which emerge from the ridge and cleaned to the plain valley which widen at the foot of the ridge. The lithology of the area affects the development pattern and density of streams. The drainage pattern is mainly dendritic with a few rectangular or trellis patterns and the streams haven’t reached matured stage. These drainages serve as source of water supply to some of the villages and communities. Springs and seepages abound in the study area contributes to the drainage of the area.
[image: ]
Figure 3 : drainage map of the study area.
1.6 Vegetation 
There is considerable disparity in vegetation between the shaley plains and the sandstone ridges. The ridges are generally covered with sparse vegetation while the plains have luxuriant vegetation. This is because the sandstone ridges are permeable and could not hold sufficient water to support luxuriant vegetation while the lowland plains of mud rocks are impermeable and thus retain water very well for crops.
1.7 Weather and Climate 
There are two marked seasons in the study area; the wet and dry season. The wet season begins in March and ends in October and the dry season begins from October through February. These two seasons are dependent on the two prevailing winds blowing over the country at different times of the year. The dry harmattan wind from the Sahara Desert prevails in the dry season ranging from 20°c to 38°c and during the rainy season 




[image: ]



Figure 4 : Vegetation map of Nigeria showing the study area (after Igbozurike, 1975)



CHAPTER TWO
LITERATURE REVIEW
Early accounts of the stratigraphy of the Benue Trough were given by Falconer et.al (1911) Wilson and Bain (1928), Tattam (1944), McConnel (1949), Farrington (1952) and Shell (1957). From their works, it was deduced that the first stage of its evolution (Benue Trough) started in the Aptian, forming isolated basins with continental sedimentation. During the Albian times, a great delta developed in the Upper Benue Trough, while the first marine transgression coming from the opening Gulf of Guinea occurred in the south and reached the middle Benue. Two major compressional phases occurred in the Abakaliki area (Southern Benue) during the Santonian and at the end of the Cretaceous in the upper Benue Trough. In Abakaliki, the sedimentary infilling was severely deformed through folding and flattening. 
Many previous research works have been done on the regional scale within the Afikpo sub-basin). Short and Stauble (1967) interpreted the rapid facies changes of Coniacian sediments as the first indication of the onset of active tectonic phase of folding, faulting and uplift, which ended during the Santonian. Barber, 1957; Reyment, 1965. Reyment, 1965; Murat, 1972 and Kogbe, 1976, have supplied documented works on the pattern of sedimentation in the southern Benue Trough, which began with deposition of sediments of the Asu River Group, followed by the Ezeaku and Awgu Groups. Simpson (1954) was the first to describe the Ezeaku Formation as comprised of hard grey to black shale, deposited in a shallow marine environment. Furon (1960), Reyment (1964 and 1965), and Murat (1970), suggested that there was a connection between the Gulf of Guinea and the Mediterranean for a short period during the Early Turonian. Ofodile (1976) established the existence of an unconformity between the Turonian Ezeaku Formation and the overlying Campano-Maastrichtian Nkporo Group in southern Nigeria. Petters (1978), believed that the Ezeaku and Awgu Formations are equivalent because they are indistinguishable in the field both in lithology and fauna. Ezepue (1978), established that a dolerite sill intruded the Ezeaku Formation. Other works such as Hogue (1977), Nwachukwu (1972), Uzuakpunwa (1974) and Olade (1975), have made remarkable contribution on the geology of the southern Nigeria.
In attempt to explore petroleum in the Anambra basin and the Afikpo in attempt to explore petroleum in the Anambra basin and the Afikpo syncline by the shell D’ Archy Petroleum Development company of Nigeria (now known as shell BP), which started in the year 1938, a lot of geological and geophysical surveys of the southern Nigeria have been carried out. This led to the drilling of many test holes/wells which provided important information about the stratigraphy of the southern Nigeria. In 1957, shell B.P used mainly photo-geology with some amount of ground control to publish a set of 1: 250,000 geologic maps of the entire Benue Trough and delineated four formations from bottom to top. by the shell D’ Archy Petroleum Development company of Nigeria (now known as shell BP), which started in the year 1938, a lot of geological and geophysical surveys of the southern Nigeria have been carried out. This led to the drilling of many test holes/wells which provided important information about the stratigraphy of the southern Nigeria. In 1957, shell B.P used mainly photo-geology with some amount of ground control to publish a set of 1: 250,000 geologic maps of the entire Benue Trough and delineated four formations from bottom to top.
In mid-Albian times, the first known marine transgression invaded the Benue Trough from the Gulf of Guinea and deposited sands along the shoreline, shales offshore, and limestone on the shelf zone. These deposits are represented in Afikpo Syncline by the Asu River Group. The Asu River Group is dominated by shale, with localized development of sandstone and limestone beds. The sequence has a maximum thickness of about 6,000m containing ammonites. During the Cenomanian, the Sea began to regress and restricted itself to the southeastern corner of Nigeria around the Calabar Flank. The cause of the regression is believed to be a result of the mid tectonic event, which uplifted the sediments trending parallel to the trough in a NE-SW direction. Most extensive marine transgression, which completely invaded the Benue Trough in the Turonian was believed to come in form of both the Tethys sea and proto south Atlantic in the North and South respectively. The Seas deposited shales, sandstones and limestone, which are represented in Afikpo by the Eze-Aku Shale, Amasiri Sandstone and Nkalagu limestone. 
The Turonian transgression extended into the Coniacian times. Towards the end of the Coniacian and into the Santonian, tectonic event occurred, which resulted to uplift, folding and deformation. This event compressed the pre-Santonian sediments within the Benue Trough. Uplift of the Abakaliki Anticlinorium gave rise to the contemporaneous subsidence of Anambra and Afikpo platforms to the West and East of the Anticlinorium respectively, and Ekweozor, 1986; Nwajide, 1995.

	AGE
	FORMATION
	SEDIMENTARY CYCLE

	Pliocene
	Benin Formation
	
Niger-Delta Basin (Third sedimentary cycle)

	Pleistocene
	Ogwash-Asaba Formation
	

	Eocene
	Ameki Formation
	

	Paleocene
	Imo Shale
	

	Maastrichtian
	Nsukka Formation
Ajali Sandstone
Mamu Formation
	
Anambra-Afikpo Basin (Second sedimentary cycle)

	Campanian
	Nkporo/Enugu Shale (Including Afikpo Sandstone and Owelli Sandstones)
	

	Santonian Coniacian
	Awgu Shale
	
Abakaliki-Benue Basin (First sedimentary cycle)

	Turonian Cenomanian
	Eze-Aku Formation
Odukpani Formation
	

	Albian
	Asu-River Group (Abakaliki Shales)
	


Regional stratigraphic sequence of southeastern part of Nigerian sedimentary basins. (Modified after Reyment, 1965; and Murat, 1972).







CHAPTER THREE
METHODOLOGY AND INSTRUMENTATION
3.1 Desk study 
This involves a thorough evaluation of topographic maps of the area of study which will give better idea and information of the possible lithological boundaries and means of access. This is done before visiting the study area.
3.2	 Field Study
This can be carried out in three stages:
· Preliminary study
· Reconnaissance stage
· Detailed study 
3.3	 Preliminary Stage 
Reviews of the relevant literature concerning the area of study both on a regional and local scale were consulted to get acquainted with the area. It also involves the use of the topographic map of the study area to locate possible outcrop localities.
3.4 	Reconnaissance Stage
This basically involves travelling to the study area and meeting with the local authority informing them of our purpose on their land and looking for outstanding features such as hills, road, streams, vegetation etc.
3.5 	Detailed Study 
The major aim of this study is to identify the various rock units and establishing stratigraphic succession of the rocks on the result of their field relationships. It also involves collection of rock samples for laboratory studies. Color, grain texture, grains orientation and mineralogical composition, measurement of dips and strikes of beds, cross-beddings, thickness and lateral extent of beds were measured during the field work. Photographs of important sedimentary structures were taken.
Samples collected from the study area (majorly sandstone) were used for petrographic studies. Petrographic studies are an aspect of petrology which considers the description of the mineral content, chemical composition, texture, structure, and classification of rocks. It is the study of rock samples with the use of thin rock sections to study the optical properties of minerals and rocks. This is conducted to observe the relationship of minerals present in the rock sample.
Materials used in the field trip as well as their uses are listed below:
1.) Hand lens: it was used for magnification
2.) Sample bag: for collecting rock samples and storing smaller equipmentCamera: to capture images of outcrops 
3.) Pen and pencil: for recording information and sketching diagrams respectively. They could also be used in rare occasions for setting scale while trying to measure the height or depth of thickness of beds.
4.) Geologic hammer: used to help extract samples from rocks 
5.) Field notebook: for recording information
6.) Base map: usually regarded as the first aid to every field mapping exercise in geology. The base map indicates various outcrops and its location. 
7.) Compass/Clinometer: used to measure attitude of outcrops. Also used to measure trends of fault planner and Trough cross beds.
8.) Measuring Tape and Meter rule: used to measure thickness of beds while logging.
 
3.6 Methodology 
This covers the aspect of lithology, stratigraphy and geomorphology as well as structural geology of the study area.The major and minor roads including footpaths were used in order to access the outcrops. We first located ourselves in the field using pur Global Positioning System (GPS) after which it was indicated on the base map (topographical map). During the course of the exercise, HPS readings were taken at each location so as to obtain the latitude, longitude and elevation readings; observations based on the sediment types and sizes, along with the attitudes of beds (dip, strike, dip amount measurements and trends of joints) were made at the locations where needed. At various locations, we tried to determine sedimentary structures and other features of the outcrops, which aids in better description naming and interpretation of the rock type.
3.7 Reporting
This phase is the most challenging as misinterpretation of data can lead to an inaccurate report, which is why it is always advisable to keep the samples away from contamination. The resulting map is in most cases drawn by persons of another section (e.g cartography) who may have had no involvement in the field whatsoever. Thus it is crucial that the data collector, in this case the geologist, work closely with those involved in actual drawing of the map, since they can select the data that is relevant for final presentation in the map.
CHAPTER FOUR
METHODOLOGY
4.1	Description of Mapped Lithologic Units
Ekerekunta the study area consists of the sediments of the Late Cenomanian-Turonian Asu River Group and Eze-Aku Formation of the Middle Cretaceous which outcrops at eastern flank of the Abakaliki Anticlinorium, deposited in alternating transgressive and regressive phases. The Asu River Group, consisting of shale, sandstone, and limestone, is the older lithostratigraphic unit in the area and was deposited during Albian transgressive phase. A total of 7 units were studied during this work.
















Figure 5 : Geological Map of Ekerekunta and environs

 
[image: ]4.1.1 Location One
The outcrop is located at Ebonyi river. It consists of poorly exposed shales which are highly fissile and are parallel laminated The shales are light grey in weathered sample but dark grey in fresh sample. fisility refers to the ability or tendency of a rock to split along flat planes of weakness (“parting surfaces”). These planes of weakness are oriented parallel to stratification in sedimentary rocks. Fissility is differentiated from scaly fabric in hand sample by the parting surfaces’ continuously parallel orientations to each other and to stratification. Fissility is the result of sedimentary or metamorphic processes. Lamination consists of small differences in the type of sediment that occur throughout the rock. Shale samples were collected from this location and palynological and kerogen analysis were conducted on the samples.
Attitude of beds
Strike line: 680NE 2480SW
Dip direction: 1580 SE
Dip amount: 110
GPS READING
N05058'.306''
E007058'.797''
elevation: 44ft
[image: C:\Users\Black widow\Desktop\project pictures\20180409_121716.jpg]Arrow shows planar bedded crossbeds within the sandstone unit
Arrow shows Cosets of planar crossbeds within the sandstone unit

Figure 6 : planar cross bedded sandstone interbedding with a parallel laminated cross bedded sandstone. (inset is the arrow)
[image: ]
Figure 7: Sed log of location 1

4.1.2 Location Two
This location is along Amogu Road. I noticed that it contained a small stream that is almost dried up showing signs that it is an ephemeral stream. Recurring (intermittent) streams have water in the channel for at least part of the year. The ridge outcrop consists of fine to medium grained sandstones. Fresh outcrops show that the sandstone is whitish in color but the weathered surface is black to dark grey showing evidence of ferruginization. There is also presence of bioturbations such as burrows; the sandstones are massive without any trace of sedimentary structures. The sandstone ridge at Igberi is similar to the sandstone ridge at Okurike it seems the ridge is extensive and covers part of the study area. it is dark grey in weathered sample but light to whitish grey in fresh samples. it also contains tiny fractures. This outcrop shows that very much physical processes such as weathering and erosion has occurred.
Attitude of bed
Strike line; 2250 SW 450NE
Dip direction: 1350SE
Dip amount: 150
GPS READING
N05058'. 099"
E007058'.028"
Elevation: 104ft
[image: C:\Users\Black widow\Desktop\project pictures\20180409_144306.jpg]
Figure 8 : sandstone outcrop exposure  along Amogu road

[image: ]
Figure 9 : Sedlog of location 2

4.1.3 Location Three
This outcrop covers a lateral extent of about 1.4 km along the ridge, and has a thickness of 15m. Generally, this outcrop is composed of light grey, very fine to medium grained, moderately to well sorted sandstone with parallel, wavy/ripple laminations/beddings and dirty bioturbated and burrowed mudstone bounded above and below by massive, fine to medium grained, poorly to moderately sorted sandstone with irregular shaped limestone rip-up clasts, floating in a sandstone matrix. At the bottom section, these rip-up clasts are randomly distributed; they are oblate, oval or elliptical in shape. The sizes of the limestone clasts vary from 5 to 40 cm in diameter. Some of the clasts are dissolving out while some have completely dissolved leaving open vugs in the rock. Lateral mapping of this outcrop showed that the sandstone bodies that represent the bottom section are poorly exposed in most other parts of the lower outcrop section of the sandstone ridge.
Attitude of beds
Strike line: 760NE 2560SW
dip direction: 1660 SE
Dip amount: 140
GPS READING
N05057'.875"
E007058'.103"
elevation: 144ft

[image: C:\Users\Black widow\Desktop\project pictures\20180411_082842.jpg]
Figure 10 : Structure seen at Okpu Amaogu along Abakaliki - Akpoha old express way showing consolidated sandstone.

[image: ]
Figure 11 : Sed log of location 3

4.1.4 Location Four
The outcrop is located at Mkpume Ogba Road 100m away from location 3. It consist of laminated unconsolidated sandstones which occur in ridges similar to the outcrops in location 3 they appear dark to grey in weathered sample but white to light grey in fresh sample.
Attitude of Bed
Strike line: 08ONE 190NE
Dip direction: 2800NW
Dip amount: 100
GPS READING
N05057'.801"
E007058'.035”
Elevation: 131ft
[image: C:\Users\Black widow\Desktop\project pictures\20180411_085129.jpg]
Figure 12 : Edaka off Okoeze Road, okpu Amaogu Akpoha sandstone showing parallel laminations with some mudstone beds.



4.1.5 Location Five
Location five is along Akpoha old road. The lithologic successions in this area consist of sandstones which are highly indurated. The sandstones occur in ridges with presence of bioturbations such as burrows and sole marks. The sandstones are calcareous in nature The term calcareous can be applied to a sediment, sedimentary rock, or soil type which is formed from, or contains a high proportion of, calcium carbonate in the form of calcite and aragonite. A burrow is a hole or tunnel excavated into the ground by an animal to create a space suitable for habitation, or refuge, or as a byproduct of locomotion.
Attitude of Bed
Strike line: 740 NE, 2540 SW
Dip direction: 1640 SE 
Dip amount: 100
GPS READING
N05057'.229"
E007056'.961"
Elevation: 148ft
[image: project%20pictures/20180411_101735.jpg]
Figure 13 : Massive outcrop along Abakaliki-Akpoha old express way showing indration e

4.1.6 Location Six
This outcrop is located in Julius Berger quarry Akpoha. It consists of layered consolidated sandstone. The weathered colour was grey and whitish in fresh sample. 
Attitude of Bed
Strike line: 330NE 2130SW
Dip direction: 3030 SE
Dip amount. 130
GPS READING
N05056'.931"
E007056'.566"
Elevation: 1500
[image: project%20pictures/20180411_113434.jpg]
Figure 14 : exposure seen at the Julius Berger quarry along Abakaliki – Akpoha showing layered sandstone and beded

[image: ]
Figure 15 : sed log of structure in location 5



4.1.7 Location Seven
The outcrop consists of fine to medium but dominantly fine grained bioturbated nearly structureless sandstone with occasional shell and carbonaceous fragments and burrows of Monocraterionisp and Cruziana ichnofacies. There is also occurrence of pebble/cobble size limestone rip-up clasts and calcified feeding structure, paraonis which makes well defined spiral and meandering burrow system within the sandstone. Dark-grey bioturbated mudstone overlies this sandstone facies.
Attitude of Bed
Strike line: 640NE, 2440 SW
Dip direction: 1540 SE
Dip amount: 160
GPS READING
N05057'210"
E007056'.272"
Elevation: 177ft
[image: C:\Users\Black widow\Desktop\project pictures\20180412_104017.jpg]
Figure 16 : Massive sandstone outcrop at Akpoha Area.

CHAPTER 5
	PALYNOLOGICAL BIOSTRATIGRAPHY ANALYTICAL REPORT
5.1.1	Method of Sample Preparation
The method of study included laboratory sample processing and transmitted light microscopic logging. Four (4) samples labeled (ST 5, ST 7, ST 9 and ST 11), were subjected to palynological sample processing for their palynomorphs. The sample preparation was carried out, using the conventional maceration technique for recovering acid insoluble organic-walled microfossils from sediments. Each sample was digested for 30 minutes in 40% hydrochloric acid to remove traces of carbonate and 72 hours in 40% hydrofluoric acid for removal of silicate. The extracts were sieve-washed through 10 microns nylon mesh. The sieve-washed residues were oxidized for 30 minutes in 70% HNO3 and 5 minutes in Schulze solution to render the fossils translucent for transmitted light microscopy. The oxidized residues were rinsed in 2% KOH solution to neutralize the acid. Swirling treatment was undertaken in order to get rid of the resistant coarse mineral particles and organic matter. The residues were stained with Safranin – O to increase the contrast for study and photography.
 Aliquots were dispersed with polyvinyl alcohol, dried on cover-slips and mounted in petro- epoxy resin. One slide was made from each sample and logged under the transmitted light microscopy. Light photomicrographs were taken with leica lll binocular microscope.

5.2 PALYNOLOGICAL RESULT
5.2.1 Station Five (ST 5)
Tables 1-5 show the occurrences and distributions of palynomorph species.
	
PALYNOMORPHS SPECIES
	Total

	SPORES
	

	Leiotriletes adriennis 
	2

	Laevigatosporites ovatus
	4

	POLLEN
	

	Cretacaeiporites scabratus
	1

	Tricolporopollenites sp. SCI. 141
	2

	Ephedripites sp.
	2

	Tricolporopollenites sp.
	1

	DINOCYST
	

	Dinogymnium sp.
	1

	Scuticabolus lapidaris
	2

	Substilisphaera sp.
	1

	Alterbedinium sp.
	3

	Total Count
	19



Comments: Palynomorph percentage
		Terrestrial species: Spores = 32 %
						Pollen = 32 %
			Marine species: Dinocysts = 36 %	
Age: Possibly Turonian
Paleoenvironment: Shallow marine
Paleo-salinity: Normal marine





5.2.2 Station Seven (ST 7)
	
PALYNOMORPHS SPECIES
	Total

	SPORES
	

	Laevigatosporites ovatus
	5

	POLLEN
	

	Cretacaeiporites mulleri
	1

	Tricolporopollenites sp. SCI. 141
	2

	Monosulcites sp.
	1

	Galaecornea clavis
	2

	MARINE SPECIES
	

	Substilisphaera sp.
	5

	Scuticabolus sp.
	3

	Cyclonephelium sp.
	1

	Total Count
	20



Comments: Palynomorph percentage
		Terrestrial species: Spores = 25 %
						Pollen = 30 %
			Marine species: Dinocysts = 45 %	
Age: middle Turonian
Paleoenvironment: Shallow marine (open shelf)
Paleo-salinity: Normal marine
5.2.3 Station Nine 	(ST 9)
	
PALYNOMORPHS SPECIES
	Total

	SPORES
	

	Leiotriletes adriennis 
	1

	Laevigatosporites ovatus
	3

	POLLEN
	

	Cretacaeiporites scabratus
	0

	Tricolporopollenites sp. SCI. 141
	1

	Ephedripites sp.
	3

	Galaecornea clavis
	2

	DINOCYST
	

	Substilisphaera sp.
	3

	Exochosphaeridium sp.
	1

	Alterbedinium sp
	4

	Total Count
	18



Comments: Palynomorph percentage
		Terrestrial species: Spores = 22 %
						Pollen = 33 %
			Marine species: Dinocysts = 45 %	
Age: Probably Turonian
Paleoenvironment: Shallow marine
Paleo-salinity: Normal marine
5.2.4 Station Eleven (ST 11)
	
PALYNOMORPHS SPECIES
	Total

	SPORES
	

	Cyathidites minor
	2

	Laevigatosporites ovatus
	4

	POLLEN
	

	Cretacaeiporites mulleri
	1

	Tricolporopollenites sp. SCI. 141
	2

	Monosulcites sp.
	1

	Galaecornea clavis
	2

	MARINE SPECIES
	

	Pediastrum sp.
	1

	Microdinium cf. castaneum
	5

	Scuticabolus sp.
	4

	Total Count
	22



Comments: Palynomorph percentage
		Terrestrial species: Spores = 27 %
						Pollen = 27 %
			Marine species: Dinocysts = 46 %	
Age: Turonian
Paleoenvironment: Shallow marine (open shelf)
Paleo-salinity: Normal marine

5.3 	SUMMARY OF AGE ASSESSMENT
Table 1-5above, show the occurrences and distribution of the recovered palynomorphs from the examined samples. From the results;
1. Samples ST 5, ST 7, ST 9 and ST 11, were dated Turonian age based on the following index palynomorphs species: Cretacaeiporites scabratus, Tricolporopollenites sp. SCI. 141, Galaecornea clavis Cretacaeisporites muller, Tricolporopollenites sp. SCI. 141, Galaecornea clavis and Tricolporopollenites sp.(Lawal and Moullade, 1987; Abubakar et al., 2011).
2. The age was strengthened by the co-occurrence of a typical Senonian dinoflagellate cysts association such as, Scuticabolus sp, Dinogymnium euclaensis, Microdinium cf. castaneum Substilisphaera sp,andAlterbedinium sp, in the examined samples, (Hengreen, 1978; Lawal and Moullade, 1987; Abubakar et al., 2011; Umeji, 2007) (Fig. 19).



[image: ]
Figure 17 : Micrographs of some recovered palynomorphs from the examined samples.


1. Cretacaeiporites scabratus	7.Exochosphaeridium sp.
2. Ephedripites sp. 4		8. Cyclonephelium sp	
3. Ephedripites multicostatus		
4. Galaecornea clavis			
5. Pediastrum sp.	
6. Microdinium cf. castaneum	


5.4 	KEROGEN INVESTIGATION
5.4.1 Method of Study
The kerogen slides were prepared from 2 analyzed samples of mudstone and siltstone, labeled ST 5 and ST 9, one for each sample, using the conventional method of acid maceration (Fig. 2). Each slide was examined using the transmitted light microscopy at X10 and 40 magnifications in order to make a qualitative as well as a quantitative analysis of particulate organic matter (POM), determine the palynofacies association and kerogen types, examine the spore /pollen colouration,estimate the Thermal Alteration Index (TAI), Vitrinite Reflectance (Ro %), as well asthe degree of organic thermal maturation, (Fig. 3 and Fig. 4). Each slide was counted for its (POM) contents, in which the first 200 particles were counted in terms of abundant (>35 %), frequent (16-35 %), common (5-15 %) and rare (<5 %) (cf. Ibrahim et al., 1997; Zobba, 2007; Chiaghanam et al. 2013) table 5.

5.5 	RESULT
Table 5: Summary of % frequency distribution of the total Particulate Organic Matter (POM) present in the analysed samples.

	SAMPLE NO.
	PHYTOCLAST
	OPAQUES
	AOM
	PALYNOMORPHS

	ST 5
	15 %
	28 %
	47 %
	10 %

	ST 9
	20 %
	25 %
	50 %
	5 %
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Figure 18 : Histogram % frequency distribution of the total particulate organic matter (POM) present in the examined samples.
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Figure 19 : Summary of the kerogen characterization and interpretations.
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Figure 20 : Photomicrographs of the kerogen slides showing the various (POM) in the examined samples.

	


[bookmark: page1]5.6 PETROGRAPHIC REPORT OF SANDSTONE SAMPLES 
5.6.1 Description of Samples
Classification
The samples are classified using Pettijohn et al. (1987) classification scheme. There are two sandstone samples which were examined, and the samples are rich in quartz, feldspars, rock fragments and minor mica mineral grains. The samples are classified as “arenites” due to their low-matrix and cement content (less than 15%). The samples were viewed under both plane polarized light and cross polarized light.
1. SAMPLE NO: Ohaechara Classification: ARKOSIC ARENITE

This sample is a medium to coarse grained, poorly sorted, and angular to sub-angular immature sandstone with abundant of quartz, k-feldspars, plagioclase feldspars and some lithic fragments. The grain sizes range within 0.25 to 1.0 mm. There simple twinning and slightly oblique extinction of the orthoclase feldspar and straight extinction of quartz mineral grains. The feldspars are easily identifiable in plane polarized light by the brown colour resulting from their alteration and in cross polar by their multiple twinning. There is visible abundance of clay minerals and carbonate cements.

2. SAMPLE NO: Loc3 Strata

Classification: SUBARKOSE

This sample consists of medium to coarse grained, moderately to well sorted sandstone, rich in subangular to rounded quartz (monocrystalline and polycrystalline) grains, as well as plagioclase feldspars (multiple twinned) and k-feldspars and microcline (cross hatched and simple twinned), minor rock fragments and cement materials (clay minerals and calcite). The polycrystalline quartz exhibit undulose extinction (as a result of strain). The grain sizes range within 0.25 to 1.0 mm. A few grains of glauconites with brown margin, probably authigenic but possibly detrital is present.  

[bookmark: page2]The arkosic arenites and subarkose samples are products of disintegration of granites and gneisses (a coarse grained plutonic rock, either igneous or metasomatic of which k-feldspars is dominant) from areas of high relief with consequent rapid erosion and deposition (Krynine, 1935).

	Sandstone type
	AA
	SA

	Sample No
	Oha
	Loc3

	Grain size
	m-c
	m-c

	Quartz (%)
	69.3
	89.7

	Mono-
	22.3
	28.5

	crystalline
	
	

	Polycrystalline
	47.0
	60.2

	
	
	

	Feldspars (%)
	25.7
	6.2

	K-feldspar
	21.0
	2.2

	Plagioclase
	4.7
	4.0

	Microcline
	0
	0

	Lithic
	0
	3.1

	fragments (%)
	
	

	Volcanic
	0
	0

	Metamorphic
	0
	1.3

	Sedimentary
	0
	1.8

	Mica (%)
	0
	0

	Muscovite
	0
	0

	Biotite
	0
	0

	
	
	

	Carbonate (%)
	0
	0

	Bioclast
	0
	0

	Lithoclast
	0
	0

	
	
	

	Cement (%)
	5.0
	2.0

	Carbonates
	0.3
	0.9

	Clastics
	4.7
	1.1

	
	
	

	Total grains in
	100
	100

	percent (%)
	
	


`
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Thin Section Photomicrographs
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Plate 1: Ohaechaera shows grains of feldspars and quartz; the feldspar can be identified in the PPL viewby its cloudy appearance due to alteration. Some of the quartz is clear and unaltered (Qm) while some are coated with hematite (dirty brown and dark green) colour. In XPL, some of the K-feldspars exhibit simple Carlsbad twin (KF). Multiple-twinned plagioclase feldspar crystals (PF) and detrital clay mineral (DC) are also visible in the field of view
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Plate 2: shows quartz grains of both monocrystalline quartz(Qm)and polycrystalline coarse quartz withelongate crystals, and straight boundaries (Qp). Most of the feldspar grains are brown in colour. (P) Perthitic intergrowth of sodium feldspar in K-feldspar. (PF)Plagioclase feldspar with multiple twinning.

(G) glauconite grains surrounded by brown margin. The glauconite pellets are not clear with its light green colour in the pictures but are very clear under the microscope in cross polar (XPL)

5.7 METHODOLOGY
Thin section petrography:
A total of two (2) already prepared thin- section slides were studied and analyzed at the petrography laboratory of the Department of Geology, University of Nigeria, Nsukka.
The minerals present in each thin section were identified using the optical properties. Textural characteristics, grain size and sorting for each sample was determined and noted.
Thin section modal analysis:
[bookmark: page5]Point counting of 200 counts was made on each of the thin section by dividing the slide into grid line. Also percentage estimation of the mineral grains of (Folk et al, 1970) was deduced from the point count of each section, and result obtained for each sample was based on the results of the petrographic examination of each slide. The objective of point counting is to identify detrital minerals, authigenic minerals, cement and matrix; and their percentage proportion for each thin section.
The results of point counting are summarized in the Table above.
Thin section photomicrographs:
Each representative photomicrographs were obtained using a Nikon Coolpix digital camera of 6.8 to 18.6 mega pixel mounted on the petrographic microscope.















CHAPTER 6
STRUCTURAL AND ECONOMIC GEOLOGY
6.1 STRUCTURAL GEOLOGY
This deals with the detailed analogy of sedimentary structures in the study area and it is classified into two major types;
· Primary sedimentary structures 
· Secondary sedimentary structures
The above structures are observable in the field and are formed by the physical, organic and chemical processes. The primary structures are also called syngenetic structures i.e structures developed or formed from sediment deposition and secondary structures which are known as post genetic or epigenetic i.e. structures that develop on the sediment after deposition, both primary and secondary sedimentary structures were observed in the field.
Some of these structures include
· Wavy/ Ripple Lamination and Bedding 
These sedimentary structures occur in the Wavy/ripple bedded lithofacies in the sandstone outcrop behind G.T.C Akpoha. They are irregular/wavy and ripple laminations. The topmost beds of this facies have rippled/wavy contacts. This ripples are are very low amplitude ripples. Some ripples are draped with mudstone interlaminations while flaser beds represent starved ripples. There is a vertical distribution grading from plane parallel lamination which occur in parallel bedded sandstone lithofacies to wavy to ripple drift laminations. The occurrences of these discrete traction structures in the sequences indicate bottom current reworking.

· Parallel Lamination 
The Parallel bedded Sandstone lithofacies in Amasiri Sandstone behind G.T.C Akpoha are characterized by parallel laminations/beddings (Fig. 5a & b). This may be defined by distinct planar and continuous laminae as evident in the outcrop.
· JOINTS: These are fractured blocks with no relative movement. These were found both on outcrops and on the surface.
· BEDDINGS; A single bed is a sedimentation unit deposited under essentially constant physical conditions. It is the term used for sedimentary layers greater than 1cm thick. Beds thickness in the study area range from 1cm to 7cm, which infers they move from thin beds which are likely to be inequality of depositions of sediments as supplied to the deposition site. With finer grains or sediments, their bedding tends to become thinner as a result of slow rate of deposition.
6.2 Economic Geology
This constitutes the mineral resources of the study area. The stratigraphic pattern of sandstone and shale together along with some structural features control the mineral elements, with shale acting as a source rock and sandstone as a cap rock.
· Clay/Shale: It is used by the local farmers for agricultural cultivation. It also serves as a good cultivation ground due to its abundant organic remains. They also serve as raw materials for the manufacture of bricks, ceramic ware, etc.
· Sand/Sandstone:   It is a sedimentary rock with grain size of 1/16- 2.00 (sand) which turns into sandstone rock due to cement which fill the pores in the sand making the sandstone less porous and permeable. Sandstones could serve as host for some economic minerals such as uranium, rutile gold, diamond, etc. which can be deposited as placer deposits since it is very porous it serves as a cereal rock for aquifer and as oil reservoir. It is one of the major minerals mined by large and small scale industries, which are basically used for construction of roads and buildings. They constitute important reservoirs for ground water, hydrocarbon, and can be used as filter paper and molding sand.
· Limestone; Limestone is composed mostly of a chemical called Calcium carbonate. When this is heated, it loses a molecule of CO2 and becomes Calcium oxide. Calcium oxide is known as lime. It turns out, though, that limestone has more than just a pretty face to offer – its variety of uses make everything that it does a little better. The fact that limestone is a naturally-occurring stone with no help from modern man also makes it a more appealing material for its variety of uses. From the cozy indoors to the great outdoors, limestone is a multi-use material that contributes a little something to everyone around.










CHAPTER SEVEN
CONCLUSION
My study area is Turonian in age and two lithological units of the Eze-Aku Group were mapped in the study area. The Eze-Aku Group marked by two formations which are the Amasiri Sandstone formation and Eze-Aku shale formation which were both of shallow marine depositional setting and during the 2nd cycle of the Benue trough.
The Amasiri Sandstone is marked by the predominance of sandstone unit, bioturbation by organisms, calcareous, coarse grained massive sandstone, and the Eze-Aku shale marked by black shale which is also fissile. The sandstone are massive ridges trending NE-SE direction. The poor moderate sorting sub angular-subrounded in texture of the sediments of the area suggest short transport. The angular unconformity marked by basal conglomerates boundary which demarcates the Afikpo and Amasiri sandstone units’ trend in the NE-SW direction as Ezeaku Group. The possible reasons index for the geology of Amasiri is that the materials were derived from the proximal near some geological activity basement granites, probably the Oban massif and deposited in shallow marine end under fluctuating energy levels and climatic conditions (Hoque, 1977).
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