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ABSTRACT
Ama-Ekpu Edda lies within the Afikpo-Basin, a sedimentary basin set up during the late cretaceous period following the santonian uplift in the southern Benue trough. From the the field study, the Local stratigraphy shows that the lithologic succession consists of black to dark grey shales and sandstone ridges.  The sandstones ridge consist of fine to coarse grain that is finining upward.  Palynological analysis from the shale samples collected from the surface outcrops in the area yielded a total of 210 palynomorphs, made of 9 pollen species, 5 spore species. The abundance of the pollen species of Longaperites sp, Monosulcites sp, and monocolpites margiriatus, the spore species of cyathides minor, Laerigatosporites sp, along with the dinoflagellate cysts species of leoisphaerida sp, Andallusiclla sp, and senegalium sp, and especially a high abundance of the foraminifera species Bolivina Anambra, suggest a nearly late Campanian to Early  Maastrichtian age for the sediments. Based on the distribution of the palynomorph species recovered from the shale samples, the study area has been interpreted as an open marginal marine to estuarine environment at the time of sediment deposition occurring during a period of marine incursion. Hydrogeological investigation of the surface water collected at  ufueseni River shows the presence of coliform which probably results from feacal deposits washed down the river through erosion.
Keywords: Shale, Biostratigraphy, Palynology, Palynomorphs.
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CHAPTER ONE
INTRODUCTION
1.0 background to the study

The study area Ama-ekpu Edda and its environs comprises of villages in Afikpo South Local Government of Ebonyi State. Communities within the studied area include; Achara, Amancho, Amangwu, Asaga, Amoba, Okpocha, Ekoli, Ebunwana, Ugwufiere, Ufueseni, Owutu, Ekeje, Letu, and Nguzu-Edda. This project work tends to evaluate the fundamental factors influencing the properties of cohesive soils within the study. These cohesive soils were largely found in Ama-ekpu Edda and nearby villages around. The study area, Ama-ekpu Edda, lies entirely in the Afikpo Sub-Basin, a depression set up subsequently with the Anambra Basin after the epierogenic event which folded and uplifted the Albian-Cenomanian sediments into the Abakiliki Anticlinorium. The Afikpo Sub-Basin is a coeval basin with the Anambra basin, both lying unconformably on the Santonian sediments of the Benue Trough, even though recent studies have revealed that pre-Santonian sediments occur within the basin. Sediments making up this basin include those deposited in the second depositional cycle from the Campanian to Maastrichtian. The study area is underlain entirely by the Nkporo formation, the basal lithostratigraphic unit of the Afikpo Sub-Basin. This formation as observed in the study area comprises of grey to black coloured fine-medium sandstone lenses. The shale underlying the study area has high organic content and gypsum. The gypsum occurring in the sediments are diagenetic minerals occurring as scattered streaks in the beds. It has been acclaimed for its highly fossiliferous nature of the shale, this work incorporates data from both palynological biostratigraphy and the more conventional foraminifera biostratigraphy, as tools in acquiring the age and depositional history of the sediments, providing thus, unbiased information. The lithological and microfaunal association of the Nkporo formation suggests a restricted shallow marine environment. A normal marine origin has however been suggested for the Asaga-Amangwu shale based on palynological evidences as obtained from palynological analysis, as well as a marginal to marine for the Nkporo formation, assigned a Maastrichtian age for the sediments of this formation based on mollusces and fish teeth from Asaga-Amangwu and Nkporo village suggesting an early Maastrichtian age for the sediments following an integrated study of foraminifera and palynomorphs; whereas, a late Campanian age was assigned to these sediments in from palynological analysis alone. While much of these works were obtained from regional studies, this work studies particularly the microfaunal association of the study area.
1.1 Aims and Objectives
· To make a detailed description of the different rock types encountered.
· To study the Geology and fossil analysis of Ama-ekpu Edda and use it to determine the age relationship between the lithologies encountered in the environment of deposition.
· To make a detailed study of the economic minerals potential of the area.
· To discuss the geology of the area, the lithofacies units, interpret and analyze the fossil assemblage encountered in the study area, and interpret the depositional environment.
· Constructing a geologic map of the study area.
1.1.2 Significance of the Study  
Why we went to the field is to add or support the knowledge to the existing knowledge of the area.


1.1.3 Location, Extent and Accessibilty
The study area Ama-Ekpu Edda is located at Afikpo south local Government Area of Ebonyi state in south Eastern Nigeria. The extent of study or mapped area is bounded on the North and south by latitudes 5º50’N and 5º55’N of the equator and on west and east by longitudes 7º50’E and 7º55’E of the Greenwich Meridian respectively Fig.1 is the accessibility map of the study area.
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Fig 1. Accessibility map of the studied area.


The study area (Ama-epku Edda) is accessible through a network of major roads, minor roads and footpaths that exist within the area. Some of the major roads include Abakiliki - Afikpo road, Afikpo - okigwe road, Amasiri – Edda road. Some of the outcrops are located along the Amasiri – Edda road, Amasiri- Afikpo road. Minor routes to the study area include the Owutu-Nguzu-Edda, Ebunwana road, Ufueseni road, and some of the footpaths that helped in accessing the area like Amangwu and some outcrops are located along river channels. The villages within the study area where the outcrops was exposed include; Osso Edda, Ebunwana, Owutu Edda, Asaga-Amangwu.
1.1.4 Regional Geologic Setting and Geomorphology
Geomorphology is the interpretation of the land forms based on the effect of certain factors such as vegetation, drainage, erosion and weathering. The geomorphology of Ama-ekpu Edda and its environs is a characteristic of the lithology of the area, the area is characterized by undulating high land that has a height of about 250ft at Asaga area its slopes descend abruptly in some areas and gently in some area. The hill is predominantly sandstone which is resistance to erosion and has sparse vegetation, the streams that cut through ufueseni take their source from the Asaga hill the low land areas close to this streams are characterized by shale with a lush vegetation or huge vegetation
1.1.5 Relief 
The study area of Ama-ekpu Edda is characterized by undulating plane alternating from E-W comprising ridges and hills, with variation in elevation. The base datum of the study area lies in an area of moderate relief between 125-245m above sea level. The ridges and hill in the areas run from N-S along the abakaliki anticlinorium. Most generally occurs are planes underlain by shales and sandstones ridges which form the topographic height.
1.1.6 Drainage
The study area of Ama-ekpu Edda is drained by Okpukpo River, Otoni River, Iyioka River and Ubei River through the Ebonyi River running from Akpoha to where they form a Y junction flowing into Cross River and depositing large amount of sand sediment (alluvium causes decrease in intensity, capacity and velocity of the river). This implies that the study area exhibits
dentritic drainage pattern and low level sheet erosion is experienced in the study area. As a result of the landform of the study area, these seem to be surface water runoff. The shale underlying the sandstone also makes surface runoff possible as it does not allow for water percolation. (Fig 3 
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1.1.7 Soil
Two main types of soil can be found in the study area, these are the silty clayey hydromorphic soil and the grey sandy clay hydromorphic soil, the farming land has a brown silty clay subsoil. It is moderately to imperfectly low natural fertility, with appropriate agro technique and regular application of fertilizer, this soil can produce good yields of a wide variety of crops ranging from cassava to vegetables, plaintain and groundnuts. The sandy clay hydromorphic soils occur in the low lying areas of the study area (Ama-ekpu Edda) where the soil is grey, fine loamy sand, clay to clayey. In addition to poor fertility, strong acidity and lack of nutrients, this soil suffers from poor drainage. Due to the excess of moisture it is mostly suitable for rice cultivation.
1.1.8 Vegetation 
The study area has thick vegetation with high forest zone. The vegetation also follow paths of stream in between the escarpments having lowland areas made up of luxuriant grasses and isolated trees, which is referred to as gallery vegetations. The vegetation condition of the area is controlled by lithology of the area sparse shrubs and grasses cover the sandstone area why thick vegetation is characteristic of the clayey and shale areas the major crops cultivated in the area are cassava and vegetable especially towards Ufueseni river banks.
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Fig 1.2: Vegetation distribution map of the south eastern Nigeria (After Floyd 1969)
1.1.9 Climate and Weather
The study area lies between humid tropical rainforest is it bounded by fresh water swamp to the south and guinea savannah grass land to the north, the major climate variables are the rainy and dry seasons. The rainy seasons usually begin from late March and ends in early October and sometime November. The dry season usually begins from November and ends in March. The rainfall is sometime turbulent and accompanied by thunder storm .the annual rainfall in the area is about 1000mm – 1500mm, the month with highest rainfall is September where rainfall can be as high as 2500mm during the raining season in the month of august there is an august break which last for about two weeks .In the dry season in the month of December the harmattan sets in it is associated with low humidity. The Temperatures of the study area lead to oxidizing conditions that cause chemical weathering of outcrops. Average annual rainfall varies from 1750mm to 2250mm. The vegetation here is a parkland, with stunted trees and pockets of woodland and forest consisting of shrubs and large trees. The occupation here is generally subsidence farming and fishing (fig 1.3)
[image: ]
Fig 1.3 annual rainfall distribution of the south eastern Nigeria.
          				  CHAPTER TWO
                                     LITERATURE REVIEW
2.0 Origin and Evolution of the Benue Trough
The intracontinental Benue Trough was initiated during the Lower Cretaceous in relation with the Atlantic Ocean opening. The first stage of its evolution started in the Aptian, forming isolated basins with continental sedimentation. In 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. The widespread Turonian transgression made the Atlantic and Tethys waters communicate through the Sahara, Niger basins and the Benue Trough. The tectonic evolution of the Benue Trough was closely controlled by transcurrent faulting through an axial fault system, developing local compressional and tensional regimes and resulting in basins and basement horsts along releasing and restraining bends of the faults. 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, and moderate folding and fracturing occurred in the northeast. The Cretaceous magmatism was restricted to main fault zones in most of the trough but was particularly active in the Abakaliki Trough, where it has alkaline affinities. From Albian to Santonian, the magmatism was accompanied in part of the Abakaliki Trough by a low-grade metamorphism. Geophysical data indicate a crustal thinning beneath the Benue Trough and, at a superficial level, an axial basement high flanked by two elongated deep basins including isolated sub-basins. The model of the tectonic evolution of the trough is based upon a general sinistral wrenching along the trough responsible for the structural arrangement and the geometry of the sub-basins. During the early stages of the Gulf of Guinea opening the Benue Trough was probably the expression on land of the Equatorial Fracture Zones. Fig.2 shows the generalized map of the south eastern Nigeria.
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           Figure 2. Generalized geological map of southeastern Nigeria 



2.1 Regional Stratigraphy of South Eastern Nigeria
The Anambra Basin and a smaller Afikpo Subbasin was installed simultaneously as flexural basins relative to the Abakaliki Anticlinorium after the Santonian squeeze. The study area generally referred to as the “Afikpo Syncline”rests uncomfortably on the folded pre Santonian Abakaliki Anticlinorium, filled with pre Santonian sediments of the Asu River Group and the Ezeaku Group (Murat, 1972). The syncline, a narrow asymmetrical depression, gently plunging southwards, is aerially flanked in the north and northwest by the Abakaliki Fold Belt (Anticlinorium), in the east by the Calabar Flank and in the south by the Niger Delta. Reyment (1965) and Murat (1972) described the stratigraphy of the Anambra Basin and the Afikpo Syncline and noted that sedimentation was controlled dominantly by transgressions and regressions which led to deposition in a wide variety of environments ranging from fluvial through fluviomarine to marine environments (Short and Stauble, 1967). The basal lithostratigraphic unit of the Afikpo Subbasin is the Nkporo Formation, conformably overlain by the Mamu Formation, Ajali Sandstone and the Nsukka Formation.

2.3 Tectonic Setting

The southern Benue Trough is a segment of the failed arm of a triple junction, which accompanied the rifting that gave rise to these separation of South America from Africa, and the opening of South Atlantic Ocean in the Cretaceous times (Burke et al.,
1971; Fairhead and Okereke, 1987). The Benue Trough can be subdivided into Lower, Middle and Upper parts that were affected by Santonian tectonic activity. Regional Santonian compression deformed the “Benue Trough proper” inverting the main depocenter of the Abakaliki Trough and subsequently creating the Anambra and Afikpo Basins to the north-west and south-east respectively (Murat, 1972; Benkhelil and Guiraud, 1980; Benkhelil 2001). The Santonian tectonic differentiated the sedimentary successions into pre and post Santonian packages. The post Santonian successions are Campanian-Maastrichtian in age (Reyment, 1965); they occur both in the Anambra and Afikpo basins respectively. In the Afikpo basin, the Campanian-Maastrichtian succession comprises the Nkporo, Mamu, Ajali and Nsukka Formations. The Nkporo Formation rests on the post Santonian unconformity plane and consists basically of sandstones, shales and coal which accumulated during the Early Campanian. The Benue Trough is a linear NE- SW trending intracontinental basin. Structurally it consists of a series of N-E trending transform fault system, anticlines and synclines. In the Afikpo basin, transform faulting was reactivated during late Maastrichtian terminal tectonic event (Odigi and Amajor, 2009c). The basin was modified by sinistral strike-slip activity. The sedimentary fill in the Afikpo basin is divided into three tectonic-stratigraphic mega sequence the Asu River Group, Eze-Aku Group and proto-Niger Delta succession. The Nkporo Formation in the Afikpo syncline area thins towards the NW and SE at the trough margins of the basin. The Mamu Formation lies conformably upon the Nkporo Formation. The Nkporo Formation is the basal formation of the Campanian-Maastrichtian sediments, and is relatively undisturbed but intruded by igneous rocks. High geothermal gradients prevail in this area close to the intrusives. Simple synsedimentary growth faults and tectonic structures such as joints and strike-slip faults are present in the Afikpo subbasin (Odigi, 2007). The igneous activity of dolerite sill was observed at Edobi mine along Afikpo – Amasiri road (Umeji 1984).
2.4 Stratigraphic Setting
The south-western part of the Benue Trough has accumulated up to 7km of Lower Cretaceous (Aptian) to Palaeogene predominantly clastic sediments. Stratigraphic division of the units have evolved from the earlier works of Reyment to the more recent and detailed classifications of Ojoh (1992). Nwajide (2013) has urged for caution in the adoption of novel stratigraphic divisions as in the naming stratigraphic units the law of precedence has to be taken into consideration. Also these proposed units are yet to be outlined on regional geologic maps. The geology of the Benue trough and Anambra basin, in which the study area falls can best be described within the megatectonic framework proposed by Murat (1972). In the Albian to Santonian phase, the depositional centre was the NE-SW trending Abakaliki-Benue Trough. This graben like structure was flanked by the wide Anambra platform to the east and the Ikpe platform to the southwest (Figure 9). Here shelf deposits were laid down under different conditions for both platforms (Ojoh, 1992). With the folding of the southern Benue trough into the Abakaliki anticlinorium and the Afikpo and Anambra synclines deposition shifted to the south-eastern, southern and western flanks of the Structure which make up the Anambra basin.
2.4.1 Asu River Group 
The existence of arkosic, non-fossiliferous fanglomerates have been acknowledged from outcrops at Ogoja and Ikom and from geophysical data (Ojoh, 1992). They are named the Ogoja Sandstone (Nwajide, 2013) and are believed to be of pre- Middle Albian age, probably related to the earliest stages of the basin’s formation. The Ogoja sandstone is a lateral equivalent of the basal conglomeritic Awi Formation in the Calabar flank. This basal unit directly overlies the Basement complex (The Oban Massif). The Albian sediments associated with the marine transgression in the area were described by first by Shell D’Arcy geologists (1957) and Reyment (1965) as the Asu River Group consisting of shale with sandy limestones and sandstones. Ojoh (1992) did a more detailed description of the group and divided it into three formations ranging from middle Albian to the lower Cenomanian. His middle Albian Ekebeligwe Formation was interpreted from the presence of mega slumps and turbidites and from the foraminifera and ammonite assemblages to have formed in a deep marine asymmetrical turbidite basin (Ojoh, 1992). The Upper Albian is named as the Ngbo Formation which is sandier and changes from shelf to nearshore environment implying regression. The rock units of this age show volcanosedimentary tendencies due to the presence of subaerial and submarine volcanic eruptions during this period. Ojoh (1992) from the presence of the pollen and spores also established the presence of the Cenomanian units as part of the Asu River group. The upper sandstones of the Asu River Group, the Ibir and Agala Formations are part of the Asu River group. They mark a period of lowstand sea levels marked by extensive continental deposits in the middle and Benue trough (Offodile, 1976)
 Eze-Aku Group
Marine shales outcropping at Ezillo originally classified as part of the Eze-aku Shale facies were also discovered to be of late Cenomanian age. They mark the start of a very extensive transgression which peaked in the lower Turonian with the first transcontinental connection of the Tethys Ocean (present day Mediterranean Sea) with the Atlantic Ocean through the Benue trough. The Turonian also marks beginning of subsidence on the western shelf of the lower Benue trough and a shift in the depocentre towards the west (the Anambra basin) (Ojoh, 1992).The occurrence of the Cenomanian was characterized by the shallow marine Odukpani Formation (now considered defunct according to Nwajide, (2013)) consisting of sandstones, shales and limestones of shallow marine shelf environment found in the Calabar flank of the basin (Kogbe, 1989; Reyment, 1965). The alleged absence of Cenomanian in the Abakaliki basin had been attributed to a possibly slight folding phase (Amajor, 1985; Nwachukwu, 1972). It has already been mentioned that the Agala and Ibir Formations are known to be Cenomanian and the absence of extensive marine deposition in the Cenomanian is related to a regression as a result of a fall in sea level and not as a result of an inferred folding episode (Nwajide, 2013; Ojoh, 1992). In the southern Benue trough, black shales with limestone and calcareous sandstones occur (Nwajide, 2013; Odigi & Amajor, 2009b; Ojoh, 1992; Umeji, 1993). In the study area, on the eastern flank of the anticlinorium the Eze-Aku Group is represented by grey to black shales and linear ridges of sandstones termed the Amasiri Sandstones ranging from the upper Cenomanian to possibly as late as the Coniacian (Amajor, 1987; Banerjee, 1980; Umeji, 1981, 1993).
 Awgu Group 
The Late Turonian- Coniacian records the beginning of the regression that culminated in the uplift that ended the 1st tectonic phase. Marine deposition continued on the nowsubsiding western shelf with the Agwu Formation (Kogbe, 1989; Nwajide, 2013; Reyment, 1965) and the Nkalagu Formation (Ojoh, 1992) were deposited. In the late Coniacian to Early Santonian, a large deltaic complex developed on the Anambra platform; the Agbani Formation whose deposits were also encountered in Shell BP wells below the later Anambra basin deposits (Murat, 1972). The Awgu is absent on the eastern flank of the anticlinorium. There is some evidence though that some of the uppermost units of the Eze Aku group in the study area may actually be of Coniacian age. But this is yet to be verified bypaleontological evidence.
 Anambra Basin 
 The Santonian period was one tectonism and structural inversion which, along with intense magmatism and regional metamorphism uplifted and exposed the central core of the Lower Benue basin and created the Abakaliki anticlinorium and the flanking Anambra and Afikpo synclines. The depocentre was shifted to the West, south and extreme southeast of the Abakaliki anticlinorium: the Anambra basin. In the Campanian the deposits that form the Nkporo Group were deposited. The Nkporo Shale Formation consists of dark grey shales with thin layers of sandstones and limestone (Nwajide, 2013; Obi & Okogbue, 2004; Oboh-Ikuenobe et al, 2005; Reijers & Nwajide, 1998). In the Afikpo Syncline the Afikpo Sandstone Formation, consisting of pebbly, clayey, crossbedded and highly bioturbated sandstones interbedded with thin siltstones. The Afikpo Sandstone forms the basal unit of the Anambra basin in the study area where it rests directly above the Turonian (Coniacian?) Eze-Aku Group deposits in an angular unconformity. Ojoh (1992) suggests, from palynological evidence that deposition actually began in the Santonian period probably contemporaneous with the uplift and structural inversion. The Enugu Formation consists of black carbonaceous shales interbedded with thin layers of sandstone and siltstone with abundant plant debris deposited in a coastal swamp environment. The last member of the group is the fluviatile Owelli Sandstone Formation formed from short rivers that flowed onto the shelf area (Obi & Okogbue, 2004; Oboh-Ikuenobe et al., 2005; Reijers & Nwajide, 1998). In the Maastrichtian stage a period of regression led to the deposition of the paralic Mamu Formation consisting of shales, heterolith, sandstone and coals. This formation is the major stratigraphic unit that forms the Enugu cuesta (Nwajide & Reijers, 1996). The Ajali Sandstone Formation lies conformably on the Mamu Formation. It consists of characteristically friable cross-bedded sandstones with a virtual absence of clay. It marks the height of the regression which ended the Nkporo depositional cycle. The youngest unit of the Anambra basin is the Nsukka Formation whose lithology is similar to Mamu Formation (shales, siltstones, heterolith, sandstone and coals) and whose age ranges from the later Maastrichtian to the Danian. Only the Afikpo sandstone and the Nkporo Shale Formations outcrop in the study area. 


The Nkporo group
 Comprises the Nkporo Shale, the Afikpo Sandstone, the Enugu Shale and Owelli Sandstone. The sandstones were the off lap counterparts of the shales. The Tertiary sequences were assigned to the Niger Delta sedimentary basin (Nwajide, 2006).
The study area is of Turonian age (Eze-Aku Formation) deposited in the second transgressive phase in Nigeria (Simpson, 1955). The Turonian Eze-Aku Formation in the study area overlies the Albian Asu-River Group and unconformably underlies the Nkporo Group (Campano-maastrichtian). 
Table 1. Stratigraphic Sequence Showing the Positions of Eze-Aku Group Relative to other 
               Formations of South Eastern Nigeria (Modified after Igwe, 2013)
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Maastrichtian) in Afikpo Synclinorium. The type locality is the Eze- Aku River valley in southeastern Nigeria. The formation consists of hard grey to black shales and siltstones with frequent facies changes, to sandstones or sandy shales. The thickness varies, but may attain 100 meters in some places (Reyment, 1965). Locally, the outcrops of this sequence are seen at Amasiri “Amasiri Sandstone”, Egede-Olu (South of Otukpo), Nkalagu, Ezillo, Ugep, with its lateral equivalence is the Markurdi Formation. The Eze-Aku formation is of shallow Marine deposit. 











                         




     					CHAPTER THREE
MATERIALS AND METHOD
3.1 Materials and Descriptions;
The various geologic equipments which were used to carry out the field mapping are as follows 
1.  The Brunton compass was used during the field mapping exercise for determining directions and for measuring the strike and dip of various outcrops, the clinometer which is located inside the compass was used to measure inclinations.
2. The gps (global positioning system): This is a satellite based navigation system which was used in finding ones position in the field, mapping lithologies, tracking structures, measuring elevation, storing sampling points and description of formations when samples are collected.
3. The geologic hammer: The use of the geologic hammer cannot be overemphasized  it was used for collection of samples 
4. Topographical map: It was used to for easy access to the study area it was also used as guide during the field mapping 
5. Hand lens: it was used to make the first analysis of rock samples in the field, analysis which involved all the properties of the sample such as rock type, color, texture, identifiable mineralogy, alteration as well as the physical properties such as folding foliations, intrusions, layering etc. 
6. Sample bags: this where used during sample collection to avoid contamination of samples and a label tag on the outside to insert the sample number and location point.
7. Field note book, masking tape and marker pen: All important observations were recorded in a concise, orderly and legible manner using the field notebook.
8. Camera: for taking photography (image) of an outcrop.
9. Pen and pencil: pen for recording information while the pencil for sketching or drawing outcrop.
3.2 Field Mapping Parameters
    There are various types of measurements taken in the field on geologic exposures this measurements are:
1. Dip: It is the acute angle that a rock makes with a horizontal plane. It is measured with the compass clinometers.
2. Strike: is the direction of the line formed by the intersection of a rock surface with a horizontal plane. Strike and dip are always perpendicular to each other on a map. This is also measured with a clinometer.
3. Direction of dip: is a short line attached and at right angles to the strike symbol pointing in d direction which the planer surface is dipping down. The angle of dip is generally included on a geologic map without the degree sign.
4. General trend of outcrop: is a large area of rock sticking out of the ground.
5. Orientation of outcrop: strike and dip refer to the orientation or attitude of a geologic feature are the parameters used in mapping the outcrops.
3.3 Method of Study
Desk study: Desk studies were done at school before going to the field. A thorough evaluation of the geologic and topographic maps of the area of study was carried out before the project site was visited. This gave idea and information on the location, possible lithological boundaries and accessibility.
Field study: This includes the direct observation of outcrops, collection of rock or soil samples, measurement of the altitude of the bed and determination of the type of formation present in the area. They are carried out in three stages namely;
· Preliminary study
· Reconnaissance stage
· Detailed study
   
Preliminary stage: This involves detailed study of past work of the area by authors and researchers that have mapped the area, and the use of a topographic base map of the study area to locate possible outcrop exposures. 
Reconnaissance stage: This involves travelling to the study area and meeting with the local authorities, informing them of our intention and purposes to carry out a project work on their land. The indigenes of the area were also met during this survey, and the aim to sensitize   them on the proper mapping and create good relationship with them.
Detailed stage: The detailed geologic mapping was carried out during the month of March to April 2018. This covers the aspect of lithology, stratigraphy, and geomorphology, production of base maps and structural geology of the area. The methodology used during the field mapping exercise is the compass. Here, the major and minor roads, including foot paths were used in order to access the outcrops. We first located ourselves in the field using our Global Positioning System (GPS) after which it was indicated on the base map (topographical map). During the course of the exercise, GPS 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 altitudes of beds (dip, strike, dip amount, measurement and trends of joints) were made at the locations where needed. Outcrops and cross beddings were noted and measured. Some interbedded outcrops were logged from base to top at some of our locations. At various locations, we tried to determine the grain sizes, texture, sorting, mineralogy, sedimentary structures and other features of the outcrops, which aids in better description, naming and interpretation of the rock type. 
Laboratory and statistical analysis
3.4 Method of Data analysis 
The data analyzed in this study are summarized under the following headings
3.4.1 Grain size and lithofacies analysis:
Five samples were collected at different locations in the study area and were sieved according to the techniques of Friedman (1979) the nest of sieve was arranged with the coarsest at the top and the finest pan at the bottom. Disaggregated an weighed sample of the sand were poured into the uppermost part of the sieve and shaken for 15minutes the data obtained were used in plotting the cumulative probability curve and histogram in order to determine the grain size parameter of the sand. The grain sixe parameter include mean, median, mode, skewness, kurtosis, and graphic standard deviation. 
The linear discrimination functions (Y1, Y2, Y3) of Sahu 16(1964) and the bivariate plot of skewness against standard deviation Friedman (1961) and mean diameter against standard deviation (Moiola and Weiser 1968) were used for environmental discrimination.
The method used in the statistical analysis of the samples were Folk and Ward (1957) formula (eqn1-5), and these give the information that were analyzed.
 According to Folk and Ward (1957),
Median = 50 -------------------------------- (1)
Mean =                                          ----------------- (2)16 + 84 + 50
3

Standard deviation =                                                ---------------- (3) 84 - 16   +   95 - 5
4
6.6

84 + 16 - 250	+	95 + 5 - 250
2(84 - 16)			2(95 - 5)

Skewness =                                                                                    ------ (4)
95 - 5
2.44(75 - 25)

Kurtosis =                                   --------------- (5)

Where, 95 = phi value at 95 percentile
            84 = phi value at 84 percentile
           75 = phi value at 75 percentile
           50 = phi value at 50 percentile
           16 = phi value at 16 percentile
           25 = phi value at 25 percentile
           05 = phi value at 05 percentile
The terms used in describing these parameters are shown in tables (2 to 5).

Table 2: Typical values for mean (Mz) (After Folk and Ward, 1957)
	SOIL TYPE
	RANGE 

	Gravel 
	- to -1

	Very coarse sand
	-1 to 0

	Coarse sand
	0 to 1

	Medium sand
	1 to 2

	Fine sand
	2 to 3

	Very fine sand
	3 to 4

	Silt
	4 to 8

	Clay
	>8


Table 3: Terms used to describe the sorting values (After Folk, 1974)
	DEGREE OF SORTING
	 VALUE

	Very poorly sorted
	2.00 to 4.00

	Poorly sorted
	1.00 to 2.00

	Moderately sorted
	0.71 to 1.00

	Moderately well sorted
	0.50 to 0.71

	Well sorted
	0.35 to 0.50

	Very well sorted
	<0.35

	Extremely poorly sorted
	>4.00



Table 4: Terms used in describing skewness (After Folk, 1974)
	DEGREE OF SKEWNESS
	 VALUE

	Strongly fine skewed
	<0.30

	Fine skewed
	0.30 to 0.10

	Nearly symmetrical
	0.10 to -0.10

	Coarse skewed
	-0.10 to -0.30

	Strongly coarse skewed
	<-0.30



Table 5: Terms used in describing kurtosis (After Folk and Ward, 1957)
	EXTENT OF KURTOSIS
	 VALUES

	Very platykurtic
	0.67

	Platykurtic
	0.67 to 0.90

	Mesokurtic
	0.90 to 1.11

	Leptokurtic
	1.11 to 1.50

	Very leptokurtic
	1.50 to 3.00

	Extremely leptokurtic
	3.00










3.5 Methods of Graphic Presentation of Data
Two types of graphic presentation of grain size data were used;
Histogram
Cumulative probability curve
In constructing the histogram, the grain size was plotted on the horizontal scale while the percentage was plotted on the vertical scale. This was done to get a good pictorial view of the grain distribution, and hence, obtaining the modal distribution. 
The cumulative curve was plotted on a semi log (probability) graph with the percentage weight on the vertical scale and the grain size on the horizontal scale. From the graph, the various phi values for obtaining the statistical parameter were obtained respectively.
3.4.2 Biostratigraphic Analysis 
This focuses on correlating and assigning relative ages of rock strata by using the fossil assemblages contained within them. Usually the aim is correlation, demonstrating that a particular horizon in one geological section represents the same period of time as another horizon at some other section. The fossils are useful because sediments of the same age can look completely different because of local variations in the sedimentary environment. For example, one section might have been made up of clays and marls while another has more chalky limestones, but if the fossil species recorded are similar, the two sediments are likely to have been laid down at the same time.
Paleontologists have traditionally used fossil data to provide information about the relative age, stratigraphic correlation, and paleoenvironment (notably paleobathymetry) of sedimentary strata. The importance of these tasks remains high, but new approaches and technology have extended the applicability of biostratigraphic data to analyzing thermal maturation and sequence stratigraphy.
Method of sample preparation
The method of study included laboratory sample processing and transmitted light microscopic logging.  Four (4) shale samples from station 1, labeled (ST 4, ST 5, ST 7, ST 10 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- poxy resin. One slide was made from each sample and logged under the transmitted light microscopy. Light photomicrographs were taken with leica lll binocular microscope.




3.4.3 Hydrogeological Studies 
The shape of the earth's surface determines how water flows. Hydrology analysis provides a useful method for describing the physical features of the earth surface. You can model the flow of water and perform quantitative analysis on a DEM data. Hydrology analysis can extract the information about where water comes from and where it is going across on any cell of a raster data.
DEM hydrology analysis model can be used to identify the extent of flood, position the pollution resource of a river, and forecast how changes in that area may affect that flow. This is useful in many fields, such as regional planning, agriculture, and forestry.










CHAPTER FOUR
RESULT AND INTERPRATATION
4.1 Lithostratigraphic Description
The description and study of the lithologic units in the study area was aided by exposures of erosion sites, and road cuts. Many stations were visited and studied, and 5 selected ones are described in details below.
	Outcrop Locations
4.1.0 Location 1: Osso-Edda junction along Ama-ekpu Edda road.
Nature of exposure: Road cut
Elevation: 10ft
Gps reading: N05º52.017’ E007º49.013’
Morphology: Hill
Attitude: Strike 1950,   Dip 1890,    Dip amount 80
[image: C:\Users\christian\Documents\project\project\project pics\4A565200-6636-4A5C-82A1-2A0B354D307FL0001.jpg]
Fig 3; massively weathered sandstone beds at Osso-Edda






Fig 3.1: logged section of the outcrop in location 1(Osso-Edda junction along Ama-ekpu Edda road)
[image: ]
4.1.1 Outcrop description 
A massively weathered sandstone beds were encountered, they are friable and grey in color from the physical observations. Mudstone were seen to be lying on it. The outcrop is dipping in south east direction. The only Water borehole that serves the surrounding communities was sunk in this station. (Fig 3.1), the base of the sandstone ridge were deeply bioturbated while the top of the sandstone bed which were intercalated with mudstones which were also highly weathered and faulted. Towards the south, the sandstone ridges gradually grade into shale with sandstones beds dominating.
4.1.2 Location 2: Ndi ugbo Edda  
Nature of exposure: Erosional surface
Elevation: 158ft
Gps reading: N05°52.047’ E007°49.101
Attitude: Strike 2050, Dip 2950, Dip amount 70
Morphology: continuous

Fig 3.2: logged section of the outcrop in location 2 (Ndi ugbo Edda)
[image: ]


4.1.2 Outcrop description 
The outcrop is predominantly sandstone with intercalation of mudstones. The weathered portion of the sandstone is yellowish to brownish in color. The sandstone grains ranges from fine to coarse with poorly sorted beds. The sandstone samples were collected for sieve analysis studies. Fig 3.2 shows the logged stratigraphic section in the station 2.
4.1.3 Location 3: Owutu Edda road after the roundabout.  
Nature of exposure: Road cut 
Elevation: 215ft
Gps reading: N05°48.870’ E007°52.049
Attitude: Strike 2040, Dip 2940, Dip amount 280

[image: C:\Users\christian\Documents\project\project\project pics\IMG_0182.JPG]
Fig 3.2.1; massively weathered sandstones at Owutu Edda








Fig 3.3: logged section of the outcrop in location 3(Owutu Edda road after the roundabout.)
[image: ]

	4.1.3 Outcrop description 
Massively weathered sandstones were seen. They were deeply weathered with burrows and deeply faulted. Mudstones of about 0.5m was seen resting on top of the sandstones. Fig 3.3. Illustrates the logged section out the outcrop.
4.1.4 Location 4: Asaga-Amangwu village  
Nature of exposure: River channel
Elevation: 80ft
Gps reading: N05°50.128’ E007°52.344’
Attitude: Strike 1700, Dip 2600, Dip amount 240
Fig 3.4: logged section of outcrop 4(Asaga-Amangwu village)
[image: ]

4.1.4 Outcrop description 
An intercalation sandstones and shale were seen. Moderately coarsed grain, and darkish grey coloration, sandy shale from physical observation. Fig 3.4. Shows the logging of the outcrop seen in this location.
4.1.5 Location 5: Egbara Ebunwana Edda junction round about  
Elevation: 271ft
Gps reading: N05°47.470’ E007°52.411’
Attitude: Strike 1700, Dip 2600, Dip amount 240
Nature of outcrop: Entirely shale
Fig 3.5; logged section of outcrop 5 (Egbara Ebunwana Edda junction round about)  
[image: ]
4.1.5: Outcrop description this location was highly dominated by shale were samples were collected for sieve analysis. Fig 3.5 shows the logged section of the shale in this location.




Table 6.Grain size analysis data for sand sample 1 

	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
(Rn)
	Cum. Weight retained
(SRn)
	Cum.% passing
(100-SRn)

	
1.18
	
-0.25
	
1.26
	
0.63
	
0.63
	
99.37


	
0.60
	
0.75
	
2.64
	
1.32
	
1.95
	
98.05


	
0.30
	
1.75
	
3.61
	
1.81
	
3.76
	
96.24


	
0.15
	
2.75
	
130.95
	
65.48
	
69.24
	
30.76


	
0.075
	
3.74
	
53.81
	
26.905
	
96.145
	
3.85


	
0.063
	
4.00
	
4.00
	
2.00
	
98.145
	
1.85


	Pan
	
	
1.50
	
0.75
	
99.41
	
0.59


	
	
	
198.79
	
	
	









               










Total sample used 200g.


                Fig.1 Histogram plot of the weight retained as a function of sieve size 
[image: ]
Fig.1.1 Cumulative frequency plot of the grain sample at location 1

                       Table .7: Grain size analysis data for sand sample 2
	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
	Cum. Weight retained
	% passing

	
2.36
	
-1.25
	
0.77

	
0.39
	
0.39
	
99.61


	
1.18
	
-0.25
	
2.24
	
1.12
	
1.51
	
98.50


	
0.60
	
0.75
	
2.81
	
1.41
	
2.92
	
97.08


	
0.30
	
1.75
	
2.55
	
1.28
	
4.20
	
95.80


	
0.15
	
2.75
	
107.95
	
53.98
	
58.18
	
41.82


	
0.075
	
3.74
	
80.85
	
40.00
	
98.18
	
1.82


	
0.063
	
4.00
	
2.32
	
1.16
	
99.34
	
0.66


	Pan
	
	
0.41
	
0.21
	
99.55
	
0.00


	
	
	
199.90
	
	
	



Total sample used 200g



[image: ]
                      Probability curve for sample 2

                         Histogram chart of sample 2



                               Table 8: Grain size analysis data for sand sample 3
	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
	Cum. Weight retained
	% passing

	
2.36
	
-1.25
	
0.09

	
0.05
	
0.05
	
99.95


	
1.18
	
-0.25
	
1.28
	
0.65
	
0.69
	
99.31


	
0.60
	
0.75
	
3.14
	
1.51
	
2.26
	
97.74


	
0.30
	
1.75
	
4.53
	
2.27
	
4.53
	
95.47


	
0.15
	
2.75
	
5.96
	
2.98
	
7.98
	
92.02


	
0.075
	
3.74
	
165.74
	
82.87
	
90.85
	
9.15


	
0.063
	
4.00
	
15.59
	
7.80
	
98.65
	
1.35


	Pan
	
	
3.98
	
1.49
	
I00
	
0.00


	
	
	
199.31
	
	
	



                            Table 8: Grain size analysis data for sand sample 3



         Fig.2 Histogram chart of sample 3
[image: ]
              Probability curve for sample 3
Sample 4
	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
	Cum. Weight retained
	% passing

	
    4
	
   -2
	
 7.26

	
  2.42
	
2.42
	
97.58


	
     2
	
  -1 
	
 4.05
	
  1.35
	
3.77
	
96.23


	
    1.19
	
-0.25
	
34.14
	
11.3
	
15.15
	
84.85


	
  0.91
	
 0.5
	
62.83
	
 20.94
	
36.10
	
63.90


	
 0.149
	
2.75
	
184.88
	
61.62
	
97.73
	
2.26


	
 0.125
	
3.0
	
 5.74
	
1.91
	
99.64
	
0.35


	
 0.105
	
3.25
	
  0.335
	
0.11
	
99.75

	
0.25


	 0.075
	3.75
	
0.415
	
0.138
	
100
	
0.00


	
	
	
299.99
	
	
	



         Total sample used is 300g


  Histogram Chart for sample 4
[image: ]
     Probability curve for sample 4


    Table 9 Grain size analysis data for sand sample 5
	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
	Cum. Weight retained
	% passing

	 
   2

	
-1
	
2.00
	
0.5
	
0.50
	
99.5

	

   1
	
0
	
21.60
	
5.40
	
5.90
	
94.1

	
 0.425

	
1.234
	
176.80
	
44.20
	
50.10
	
47.9

	
0.150

	
2.737
	
171.20
	
42.80
	
92.90
	
7.1

	
0.075

	
3.737
	
21.80
	
5.45
	
98.35
	
1.65

	 
pan

	
	
6.40
	
1.60
	
99.95
	
0.05

	

	
	
399.8
	
	
	


        Total sample used 400g

               Fig. 2.1 Histogram chart of sample 5
[image: ]
 Probability curve for sample 5
                    
                 Table 10. Grain size analysis data for sand sample 6
	Sieve size
(mm)
	Phi value

	Weight retained(g)
	% weight retained
	Cum. Weight retained
	% passing

	
2

	
-1
	
1.70
	
0.40
	
0.40
	
99.57

	

1
	
0
	
4.52
	
1.13
	
1.56
	
98.44

	
0.425

	
1.234
	
29.18
	
7.30
	
8.86
	
91.14

	
0.150

	
2.737
	
320.80
	
80.20
	
89.06
	
10.94

	
0.075

	
3.737
	
37.30
	
9.33
	
98.39
	
1.65

	
pan

	
	
5.90
	
1.48
	
99.87
	
0.31


	

	
	
399.4
	
	
	

	
	
	
	
	
	


Total sample used 400g




                 Histogram chart of sample 6

[image: ]
               Probability curve for sample 6

4.2 Grain Size Analysis
Interpretation of depositional environment and environmental discriminations are best done using various statistical measures obtained from grain size analysis data. The grain size distribution analysis of different soil samples in the study area was done and the result (tables 6 to 11) obtained for plotting the cumulative probability curve and histogram.

	Sample No
	Sorting
	values
	Skewness
(SK)
	Values
	Kurtosis
(KG)
	values
	Mean(Mz)
	Values

	Sp1
	Very well sorted
	-0.54
	Coarse skewed
	-0.1
	Mesokurtic
	1.02
	Fine sand
	2.5

	Sp2
	Very well sorted
	-0.53
	Coarse skewed
	-0.1
	Mesokurtic
	0.93
	Fine sand
	2.6

	Sp3
	Very well sorted
	-0.48
	fine skewed
	0.32
	Very leptokurtic
	1.64
	Fine sand
	3.3

	Sp4
	Very well sorted
	-1.0
	Coarse skewed
	-0.1
	Platykurtic
	0.8
	Coarse sand
	0.48

	Sp5
	Very well sorted
	-1.1
	Fine skewed
	0.22
	Leptokurtic
	1.34
	Medium sand
	1.5

	Sp6
	Very well sorted

	-0.51
	Nearly symmetrical
	0.04
	Very leptokurtic
	1.68
	Fine sand
	2.2


Table11.  Computed grain size parameter drive from probability curve
	Standard deviation ()
	-0.7  very well sorted

	Mean (Mz)
	2.1   Fine sand

	Skewness (Sk)
	0.05 Nearly symmetrical skewed

	Kurtosis (KG)
	1.24 Leptokurtic

	
	


Table 12: Average values for the parameters
	Sample No 
	Y1
	Y2
	Y3

	SP1
	-4.566
	75.8270
	-1.2944

	SP2
	-5.235
	75.1639
	-1.1952

	SP3
	-6.4857
	102.9100
	-2.5640

	SP4
	4.6157
	86.5188
	-8.0900

	SP5
	2.8409
	131.7700
	-11.1844

	SP6
	-3.6780
	83.7090
	-1.7649


Table 13: Linear discrimination functions (Y1, Y2, and Y3) result for the analyzed samples.

4.2.1	Grain Size Histogram Interpretation
The plots show unimodal (Figs.12 to 24) this signifies that a particular size fraction in the distribution is better sorted than others in each of the plots and thus suggests some variation in the energy of the current that deposited the sediments. The modal class of the distributions falls within fine to coarse grain, indicating that the sediments were deposited in low energy environment with high energy dominating at intervals.
4.2.2	Environmental Discrimination
The variations in the energy and fluidity factors seem to have excellent correlation with different processes and environment of deposition (Sahu, 1964). The linear discrimination functions of Sahu (1962, 1964) for finding the relation between variances exhibited by parameters were used to discriminate the environment.
(a) For the discrimination between Aeolian processes and littoral (intertidal) environments, the discriminate function used is given below:
Y1 = -3.5688 MZ + 3.7016 δ12 - 2.0766 SK1 + 3.1135 KG
Where MZ is the grain size mean, δ1 is inclusive graphic standard deviation (sorting), SK1 is skewness and KG is the graphic kurtosis.
When Y1 is less than -2.7411, Aeolian deposition is indicated whereas if it is greater than -2.7411, a beach environment is suggested.
(b) For the discrimination between beach (back- shore) and shallow agitated marine (subtidal) environment, the discriminate function used include;
Y2 = 15.6534 MZ + 65.7091 δ12 + 18.1071 SK1 + 18.5043 KG
If the value of Y2 is less than 65.3650 beach deposition is suggested whereas if it is greater than 65.3650 a shallow agitated marine environment is likely.
(c) For the discrimination between shallow marine and the fluvial environments, the discriminate function below was used
Y3 = 0.2852 MZ - 8.7604 δ12 - 4.8932 SK1 + 0.0482 KG
If Y3 is less than -7.419 the sample is identified as a fluvial (deltaic) deposit, and if greater than -7.419 the sample is identified as a shallow marine deposit.
From the values of Y1, Y2, and Y3 for the analyzed samples as shown in table 14;
80% of the analyzed sand samples showed Y1 values that are less than -2.7411, and thus indicates Aeolian deposition.
100% analyzed sand samples showed Y2 values that are greater than 65.3650 and thus, indicates shallow agitated marine environment.
80% of the sand samples showed Y3 values that are greater than -7.419 and thus, is identified as a shallow marine deposit.
4.2.3 Cumulative Probability Curve.
This curve shows the distribution of the grain size of the samples obtained in the study area. From the curve, the statistical analysis as proposed by Folk and Ward (1957) were obtained for interpretation of the depositional environment.
The probability curves of the analyzed samples are shown in (fig 14 to 24).
	4.2.4 Histogram
This shows the modal distribution of the analyzed samples. (Fig 11 to 16) shows the histogram plot of the analyzed samples.
4.3 Biostratigraphic Analysis
Biostratigraphy analysis were conducted on shale samples collected from locations of the study area for age determination purposes and to provide knowledge on its paleoenvironment. The shale samples were taken to the laboratory where they were washed and cleaned for sample preparation before mounting the slide (after sample preparation) on the microscope (leica) for analysis and to take photomicrographs.
4.3.1 Palynological Results
Station Four (st 4)
Tables 14-18 show the occurrences and distributions of palynomorph species.
Table 14.Palynomorph species result at station 4
	Palynomorphs species
	Total

	TERRESTRIAL SPECIES
	

	Spores
	

	Laevigatosporites ovatus
	11

	Leiotriletes adriennis
	0

	Cingulatisporites ornatus
	1

	Distaverrusporites simplex
	0

	Zlivisporis blanensis
	3

	Pollen
	

	Buttinia andreevi
	1

	Echitriporites trianguliformis
	2

	Grimsdalea polygonalis
	0

	Longapertites marginatus
	7

	Monoporites annulatus
	2

	Monocolpites marginatus
	0

	Psilamonocolpites magnus
	1

	Longapertites microfoveolatus
	2

	MARINE SPECIES
	

	Andalusiella polymorpha
	2

	Ceratiopsis diebeli
	0

	Senegaliniun sp.
	3

	Glaphyrocysta ordinate
	1

	Phelodinium sp.
	3

	Dinogymnium acuminatum
	2

	                                                      Total Counts
	41















Comments: Palynomorph percentage
		  Terrestrial species: Spores = 37 %
						Pollen = 37 %
		  	Marine species: Dinocysts = 26 %	
Age: Late Campanian-Early Maastrichtian
Paleoenvironment: Marginal marine (estuary)
Paleo-salinity: Nearshore/brackish water
Station Five (st 5)
Table 15. palynomorphs species result at station 5
	 Palynomorphs species

	Total

	TERRESTRIAL SPECIES
	

	Spores
	

	Laevigatosporites ovatus
	10

	Leiotriletes adriennis
	3

	Cingulatisporites ornatus
	0

	Distaverrusporites simplex
	1

	Zlivisporis blanensis
	2

	Pollen
	

	Buttinia andreevi
	0

	Echitriporites trianguliformis
	3

	Grimsdalea polygonalis
	1

	Longapertites marginatus
	5

	Monoporites annulatus
	2

	Monocolpites marginatus
	4

	Psilamonocolpites magnus
	0

	Longapertites microfoveolatus
	2

	MARINE SPECIES
	

	Andalusiella polymorpha
	0

	Ceratiopsis diebeli
	2

	Senegaliniun sp.
	0

	Glaphyrocysta ordinate
	1

	Phelodinium sp.
	2

	Areoligera senoniensis
	0

	Paleocystodinium austrialinium
	2

	Dinogymnium acuminatum
	3

	Spiniferites sp.
	2

	Glaphyrocysta ordinata
	0

	                                                      Total Counts
	45


















Comments: Palynomorph percentage
		  Terrestrial species: 	Spores = 36 %
						Pollen = 38 %
		  	Marine species: Dinocysts = 26 %	
Age: Late Campanian-Early Maastrichtian
Paleoenvironment: Marginal marine (estuary)
Paleo-salinity: Nearshore/brackish water
Station Seven (st 7)
Table 16.palynomorphs species result at station 7
	 Palynomorphs species

	Total

	TERRESTRIAL SPECIES
	

	Spores
	

	Laevigatosporites ovatus
	6

	Leiotriletes adriennis
	1

	Cingulatisporites ornatus
	2

	Distaverrusporites simplex
	0

	Zlivisporis blanensis
	2

	Pollen
	

	Buttinia andreevi
	3

	Echitriporites trianguliformis
	2

	Grimsdalea polygonalis
	1

	Longapertites marginatus
	5

	Monoporites annulatus
	0

	Monocolpites marginatus
	2

	Retidiporites magdalensis
	1

	Longapertites microfoveolatus
	2

	MARINE SPECIES
	

	Andalusiella manthei
	0

	Ceratiopsis diebeli
	3

	Senegaliniun  bicarvatum
	4

	Glaphyrocysta ordinata
	0

	Phelodinium sp.
	1

	Areoligera senoniensis
	1

	Paleocystodinium austrialinium
	0

	Dinogymnium acuminatum
	2

	Spiniferites sp.
	0

	Glaphyrocysta ordinate
	2

	                                                      Total Counts
	40


















Comments: Palynomorph percentage
		  Terrestrial species: 	Spores = 28 %
						Pollen = 40 %
		  	Marine species: Dinocysts = 32 %	
Age: Late Campanian-Early Maastrichtian
Paleoenvironment: Marginal marine (estuary)
Paleo-salinity: Nearshore/brackish water
Station Ten (st 10)
Table 17. palynomorph species result at station 10
	 Palynomorphs species

	Total

	TERRESTRIAL SPECIES
	

	Spores
	

	Laevigatosporites ovatus
	4

	Leiotriletes adriennis
	3

	Cingulatisporites ornatus
	0

	Distaverrusporites simplex
	2

	Cyathidites minor
	3

	Pollen
	

	Buttinia andreevi
	2

	Echitriporites trianguliformis
	3

	Spinizonocolpites baculatus
	1

	Longapertites marginatus
	5

	Monoporites annulatus
	2

	Monocolpites marginatus
	3

	Retidiporites magdalensis
	2

	Longapertites microfoveolatus
	0

	MARINE SPECIES
	

	Andalusiella manthei
	2

	Ceratiopsis diebeli
	1

	Senegaliniun bicarvatum
	4

	Glaphyrocysta ordinate
	1

	Phelodinium sp.
	0

	Areoligera senoniensis
	0

	Paleocystodinium austrialinium
	1

	Dinogymnium acuminatum
	2

	Spiniferites sp.
	0

	Glaphyrocysta ordinate
	1

	                                                      Total Counts
	42


















Comments: Palynomorph percentage
		  Terrestrial species: 	Spores = 29 %
						Pollen = 43 %
		  	Marine species: Dinocysts = 28 %	
Age: Late Campanian-Early Maastrichtian
Paleoenvironment: Marginal marine (estuary)
Paleo-salinity: Nearshore/brackish water
Station Eleven (st 11)
Table 18. palynomorphs species result at station 11
	 Palynomorphs species

	Total

	TERRESTRIAL SPECIES
	

	Spores
	

	Laevigatosporites ovatus
	4

	Leiotriletes adriennis
	0

	Cingulatisporites ornatus
	0

	Distaverrusporites simplex
	2

	Zlivisporis blanensis
	1

	Pollen
	

	Buttinia andreevi
	0

	Echitriporites trianguliformis
	2

	Rugulatisporites caperatus
	1

	Longapertites marginatus
	3

	Monoporites annulatus
	0

	Monocolpites marginatus
	2

	Retidiporites magdalensis
	4

	Longapertites microfoveolatus
	0

	MARINE SPECIES
	

	Andalusiella manthei
	0

	Ceratiopsis diebeli
	0

	Senegaliniun bicarvatum
	2

	Glaphyrocysta ordinata
	2

	Phelodinium sp.
	3

	Areoligera senoniensis
	0

	Paleocystodinium austrialinium
	0

	Dinogymnium acuminatum
	1

	Spiniferites sp.
	2

	Glaphyrocysta ordinate
	0

	                                                      Total Counts
	42



















Comments: Palynomorph percentage
		  Terrestrial species: 	Spores = 24 %
						Pollen = 41 %
		  	Marine species: Dinocysts = 35 %	
Age: Late Campanian-Early Maastrichtian
Paleoenvironment: Marginal marine (estuary)
Paleo-salinity: Nearshore/brackish water
4.3.2 Interpretation of Results
Age Assessment
The age determination of the examined samples was based on the selected key age-diagnostic palynomorph assemblages recovered. They are summarized as follow:
1. From tables 1-5 above, samples ST 4, ST 5, ST 7, ST 10 and ST 11, were dated Late Campanian-Early Maastrichtian age on the basis of the following index sporomorphs assemblage: Echitriporites trianguliformis, Retidiporites magdalensis, Zlivisporis blanensis, Distaverrusporites simplex, Longapertites marginatus, Monocolpites marginatus, Buttinia andreevi and Longapertites microfoveolatus, (Lawal and Moullade, 1987; Umeji, 2007; Chiaghanam et al., 2012). 
2. The age was further confirmed by the presence of the typical West African Campano-Maastrichtian dinoflagellate cysts association such as, Senegalinium, Ceratiopsis diebeli, Dinogymnium sp., Andalusiella polymorpha, A. manthei, and Paleocystodinium autrialinium, (Lentin and Williams, 1978; May, 1980; Umeji, 2007) (Fig. 1). 
[image: ]
Fig. 4.3: Micrographs of some palynomorphs recovered in the examined samples.
 Magnifications nos.  2 and 4 (X 100 oil immersion), others (X 40)

1. Longapertites marginatus		
2. Echitriporites trianguliformis			
3. Laevigatosporites ovatus		
4. Spinizonocolpites baculatus		
5. Dinogymnium acuminatum		
6. Buttinia andreevi
7. Andalisiella manthei
8. Monocolpites marginatus
9. Andalisiella polymorpha
	

	
4.3.3 Kerogen Investigation
Method of Study
The kerogen slides were prepared from 5 analyzed samples, labeled (ST 4, ST 5, ST 7, ST 10 and ST 11),  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 as the 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.  
Result
Table 19: Summary of % frequency distribution of the total Particulate Organic Matter (POM) present in the analyzed samples.
	SAMPLE NO.
	PHYTOCLAST
	OPAQUES
	AOM
	PALYNOMORPHS

	ST 4
	59 %
	36 %
	3 %
	2 %

	ST 5
	50 %
	42 %
	6 %
	2 %

	ST 7
	57 %
	25 %
	10 %
	8 %

	ST 10
	60 %
	22 %
	15 %
	3 %

	ST 11
	55 %
	27 %
	13 %
	5 %



[image: ]
Fig. 4.3.1: Histogram % frequency distribution of the total particulate organic matter (POM) present in the examined samples.

S[image: ]
Fig. 4.3.2: Summary of the kerogen characterization and interpretations.

[image: ]
Fig. 4.3.3:  Photomicrographs of the kerogen slides showing the various (POM) in the examined samples.

Table 20. Hydrogeological Test of Ufueseni River 
	1
	Conductivity uohm/cm
	42.1

	2
	Appearance mg/l
	Light yellow

	3
	Calcium mg/l mg+24
	7.1

	4
	Magnesium mg/mg+24
	3.0

	5
	Sodium mg/Na+4
	0.0

	6
	Potassium mg/K+4
	1.3

	7
	Sulphate mg/l SO4-2
	2.5

	8
	Chloride mg/CL-
	3.6

	9
	Bicarbonate mg/l HCO3
	59.1

	10
	PH
	6.2

	11
	Temperature Oc
	25

	12
	Total hardness mg/I CaO3
	11.7

	13
	Salinity mg/I Nacl
	0.0

	14
	TDS mg/I
	5.1

	15
	Iron mg/I Fe+24
	0.0

	16
	Floride mg/I f
	0.2

	17
	Feacal coliform/100ml of H20
	4.3

	18
	Total dissolved solid
	25



4.4 Interpretation of water analysis
4.4 Ph Assessment 
The test result reviewed that ufueseni river which also serve as a source of drinking water for the community is slightly acidic (6.2). The presence of the acid water is probably due to leaching of organic acid from the vegetations which massively infiltrates the water table. Acid water may also result from the hydrolysis of iron in lateral deposits which are rampant in ufueseni community the general effect of this acid water ranges from corrosion of pipes and casing. Base on this result the water is not safe for drinking.
4.4.1 Chemical Assessment
The total dissolved solid for the sample is relatively low with a value of 25.2 for surface water this is a consequence of resistant proffered by sand grain and heavy mineral to chemical weathering. As evident in the chemical test result, the water sample is characteristically soft. The advantage of this that the water will consume less amount of soap, thus is very suitable for laundries
4.4.2 Bacteriological assessment
The bacteriological test shows that ufueseni river contain coliform organism. This indicate that ufueseni river is rich in feacal contamination and other biological material which are sole cause of water borne diseases. This generally suggested that ufueseni river is not good for domestic and industrial consumption.



4.5 Economic Geology of Ama-Ekpu Edda Area
Economic geology is concerned with earth materials that can be used for economic and/or industrial purposes.
4.5.1 Sandstone: Sandstone is a clastic sedimentary rock composed mainly of sand-sized minerals or rock grains. Most sandstone is composed of quartz and feldspar because these are the most common minerals in the Earth's crust. Like sand, sandstone maybe any color, but the most common colour are tan, brown, yellow, red, grey, pink, and black. Since sandstone beds often form highly visible cliffs and other topographic features, certain colours of sandstone have been strongly identified with certain regions.
Sandstone can be used for the following purposes.
· Manufacturing of plate glass, fine table glassware, and common glassware 
· When crushed are used as concrete and asphalt in construction 
· Rough and weathered Sandstone is used as fireplaces, walls and walkways 
· As decorative stones 
· As flooring or paving material 
· Load bearing masonry 
· Sandstones slabs and sandstone tiles are used in cladding.
4.5.2 Shale: shale is a fine grained sedimentary rock which weathers to clay. In occurrence oil and gas, shale serve as source rocking it contains kerogen and in some cases it could serve as an oil trap or seal. Oil shale is a black or brown bioturbated and a lot of trace fossils were found such as modusa and ophiomorpha.
The area had abundant surface water and groundwater which provides abundant water supply to the inhabitants. Also sandstones and shales can be of economic importance. 
CHAPTER FIVE
5.0 SUMMARY AND CONCLUSION
Based on the comprehensive field and laboratory study in Ama-Ekpu area and its environs, two lithologic units were identified this are Nkporo shale and afikpo sandstone. the Nkporo shale of the Campanian-Maastricthian sediments belonging to the Nkporo Group, while afikpo sandstone consist of interbedded coarse grain poorly sorted fluvial tidal ferrogenized sandstone and parallel heterolites of laminated siltstone and mud. The study area generally consist of low land with the bed generally dipping towards the south east.
 After extensive field mapping, the project area found to be predominantly composed of sandstone beds which was underlain by shale beds. The samples collected for analysis showed that the sandstone beds are medium to coarse, poorly sorted, and positively skewed and mainly platykurtic to leptokurtic. These result were used to plot vicariate graphs which showed that the sandstone in the area were deposited in an estuarine environment. Also the textural maturity showed sub-mature to mature sediments which indicated low to high energy of deposition. The shales found in the area are dark grey in color and showed extreme fissility. The area suffered extreme bioturbation and a lot of trace fossils were found such as thalasonoides, Medusa and ophiomorpha.
The area had abundant surface water and underground water which provides abundant water supply to the inhabitants although not suitable for drinking. However sandstones and shale were the two minerals of economic importance encountered in the area.
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Below there is the map of Nigeria showing vegetation belts.

Vegetation

2] Marginal savanna

[ short grass savanna

[0 Woodland and tall grass savanna
[ Rain forest

[ Fresh water swamp

B Mangrove

B Montane

050 100 Kilometars

e
O % 100 Mies

Vegetation zones in Nigeria and their features

Types of vegetation in Nigeria

Nigeria is a state of forests and savannas. Once, a significant
art of the territory was covered with dense tropical
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