



STRUCTURAL DELINEATION OF THE ANAMBRA BASIN, AWGU SECTION, SOUTHEAST NIGERIA
ABSTRACT

The Anambra Basin was formed during the Late Cretaceous under some tectonic conditions. The sedimentary fill of the basin is characterized by the deposition of lacustrine, deltaic, transitional marine and marine sediments successively during the upper Cretaceous time. The Anambra Basin Fill is a third-order sedimentary cycle. The study of the deformational structures in the Anambra Basin gives an insight to the understanding of how the formations in the basin were affected by tectonism during sedimentation. Deformational structures were seen and identified in the Campanian-Maastrichtian deposits of the basin. The driving force that leads to the deformation of sediments in the basin is attributed to Post-Santonian tectonism, gravitational instability and hydraulic processes leading to compressional and extensional movement that occurred in the Campanian-Maastrichtian time during sedimentation process and this resulted in the folding, faulting and shearing of deposits seen in the Mamu Formation. Also there were records of overturned shale beds in the Mamu Formation in Obeagu Town in the Awgu axis of the Anambra Basin. 
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1. Introduction
The Anambra Basin is a continental rift basin that evolved during the Early Cretaceous, with sedimentation occurring in a fluvial-deltaic to marine environment (Okoro et al., 2020). The basin is characterized by a thick sequence of sediments, including sandstones, shales, and limestone (Nwajide, 2013). Structural studies have identified various fault systems, including the Anambra Fault Zone, which is believed to have played a significant role in the basin's evolution (Ezeh & Okoro, 2017).
Rocks of then Earth Crust can be deformed in many forms. Deposited sedimentary rocks and some igneous rocks were originally in layered form that was nearly horizontal. The tilting, fracturing and folding of these layers tells that deformation has taken place, hence, leading to the change in the physiography of the earth’s surface. Notably, the three major causes of change in the orientation of the rocks include; change of the volume i.e compression resulted from increase of piled sediment weight and compression from plate collisions, change of shape that involves shearing as a result of plate interaction and material movement and finally, relocation of adjacent blocks of rocks resulted from movement along fault. The combination of these three causes give rise to the deformation of rocks of the earth. As such, the Anambra basin is directly formed from the mentioned three causes which originated from stresses generated by movements that occurred along Chain and Charcot fracture zones that gave rise to the formation of the Benue Rift valley. Before the Santonian time, the south-western part of this rift valley consisted of a tectonically stable part- the Anambra platform which received little or no sediment in the west and to the east, a subsiding area, the Abakaliki basin, which was receiving large amounts of sediment (Asu River Group and Ezeaku Formation) (Murat, 1972; Petters, 1978; Whiteman, 1982; Benkhelil,1982; Ojoh, 1990). 
Most of the rocks deposited in the Anambra basin were affected by the Post-Santonian Tectonic event which gave rise in the truncating, folding and faulting of most formations within the basin. There was displacement of blocks in the basin which occurs in a vertical component in South West faulted zone and this gave rise in the development of a normal faults found in the basin.
The Anambra Basin, located in southeast Nigeria, is a significant sedimentary basin that has garnered considerable attention due to its potential for hydrocarbon exploration and production. Despite this interest, the basin's structural architecture remains poorly understood, hindering effective exploration and exploitation efforts. This research aims to investigate structural delineation of the Anambra Basin to provide valuable insights into its evolution and hydrocarbon potential.
2. Purpose of Research
This research is aimed at delineating the deformational structures of the Anambra, Awgu Section, Southeast Nigeria. This will include: Delineation of the structural architecture of the basin, identification of faults, folds, and other deformational features in order to understand the basin's evolution and possible hydrocarbon potential.
3. Regional Geology of the Study Area
The Anambra Basin is thus believed to have originated from the uplift of the Abakaliki-Benue Trough that began its formation during the Lower Cretaceous period dated back to the period where the separation of the South America plate FROM Africa Plate occurred and the formation of sedimentary basins in Nigeria was recorded. Two tectonic events were recorded that occurred throughout the period of formation of the Benue Trough. The first was recorded in the Cenomanian era which was a minor event that causes uplift in the Northeast and Southwest direction being proposed by Nwachukwu (1972). Only sediments deposited during the Albian time that were affected by the Cenomanian tectonic event (Olade 1975) and temporary cessation of the mantle contraction was the cause of the event. An intensive tectonic event was recorded during the Santonian period and this was the second event that occurred during the period of the formation of the Benue Trough. The event affected all sediments deposited during the Pre-Santonian period and this thus, gave rise to the undulating nature seen in the area. According to literature, the Santonian tectonic event terminated the Turonian to Conacian marine depositional cycle in the Benue Trough. This tectonic event also gave rise to the folding, faulting of sediment beds, intrusion and upliftment that resulted in the Abakaliki-Okigwe Anticlinorium (Nwajide, 2013).

After the Santonian tectonic episode, the depositional centre of the Benue Trough was moved to the flanks of the uplifted Toruh, that formed Anambra Basin at then western flank and the Afikpo Syncliune to the eastern flank. Recent studies have proved that the tectonic event that occurred in the Santonian continued to the Campanian-Maastrichtian deposit of the Anambra Basin which resulted in the deformation of deposited sediments.  

However, the cause of Santonian tectonic event according to Olade, (1975) was as a result of the reactivation of mantle upwelling in Turonian times with attendant mantle expansion and contraction.

4. Geologic/Tectonic History of the Study Area
The formation of the Benue Trough was initiated during the lower Cretaceous in relationship with the opening of the Atlantic Ocean. Nwajide (2013) 0n his book, stated that, Murat (1072), recognized the megatectonic setting in the Benue Trough that was longitudinally faulted crust. The eastern half subdivided to become the Abakaliki sub-basin (or the Southern Benue Trough). The western fragment remains a stable platform up to the Santonian. The Southern Benue Trough forms an important depositional centre. Following the tectonic event that occurred in the Santonian time, resulted in the folding, faulting and uplift of the Southern Benue Trough, thus displacing the depositional centre to the west and east resulting in the formation of the Anambra Basin (Nwajide, 2013). The localized subsidence on the western reach of the Southern Benue Trough and the continued sea level rise into the Coniacian led to the installation of the 
Anambra Basin (Ojoh, 1990, Nwajide 2013). 
5. Location and Accessibility of the Study Area
The area of study lies within longitude 7°27’0”E to 7°30’0”E and latitude 6°1’0”N to 6°6’0”N. The area has good road network and is easily accessible by major and minor roads and foot paths. Therefore, accessing the studied outcrop sections was not an issue. 
6. Materials and Methods
Materials used for the study includes; base map, field notebook, compass-clinometer, pen and pencil, masking tape, handlens and measuring tape. Detailed geological mapping was carried out which involves identification and measurements of fault plane, displaced blocks, dips and strikes of overturned beds and fold axis and data interpretation were employed to delineate the structural architecture of the basin in the field.
7. Results and Discussions
7.1 Description of Structures

Deformational structures in the Anambra Basin were well exposed in the Mamu Formation encountered along road cuttings within the Awgu Local Government Area of Enugu State. Observation from the field indicates that the lithologies of the outcrop section had experienced some frequent deformation where the medium to coarse grained sediments were faulted. Deformation in the shale, clay and silt were rare except of a very fine deformed layer that exhibit some level of folding.
7.2 Deformational System in the Study Area

Most of the rocks deposited in the Anambra Basin were affected by the Post-Santonian tectonic event which resulted in the truncating, folding and faulting of most formations of the Anambra Basin. There was displacement of blocks which occurs in a vertical component in South West faulted zone and this gave rise in the development of a normal faults found in the basin. The tectonic event that occurred in the Santonian did not end after the Santonian period but continued up to the Maastrichtian period. This was shown clearly in Obeagu section of the Mamu Formation. The tectonic event gave rise to the fractured and overturned beds identified within the formation.
Following the tectonic event that affected formations within the Awgu section, it is paramount to investigate the effect and the resultant outcome of the event. This event gave rise to folding and faulting seen and studied in the area. It is of note that, folding and faulting is a significant style indicating that the deformation of the upper part of the continental crust giving rise to the horizontal shrinkage or shortening along the Orogenic (tectonic) belts (Travarnelli 1997). It is of great importance to ascertain if the respective structures are geometrically and kinetically associated with each other or not and also how they evolve with time. Much work on the deformational system of Sedimentary Deposits in the Awgu area have not been carried out by researchers.

It is generally accepted that deformation of rock unit due to tectonic activities occurs through three respective stages namely: shortening, parallel to bedding; folding and faulting. The three stages are crucial processes in region with compressional deformations and also in evolution of fold and fault beds.

7.3 Main Tectonic Structures in the Study Area

 the tectonic event succession that affected the Anambra Basin gave rise to brittle deformations and folding recorded in the sedimentary deposits.
7.4 Faults:

Faults that occurred in the study area is believed to have variable orientations and kinematics as wells as overprinted slickensides. The description of fault can be accounted for their kinematics: Normal Fault: Normal faults are faults that have inclined fractures where the blocks have mostly shifted vertically where the hanging wall moves upward relative to the footwall. Generally, the normal fault can be grouped into two main sets: S-W and E-S to ESE-WNW. These faults show evidence of activity in different periods, putting into consideration their relationships with sediments. In the entire studied area, it was observed that the faults crop out in the S-W direction, this fault direction deformed the Mamu Formation. Although faulting of the sedimentary deposits in the area affected mostly the Mamu Formation in Obeagu but was not in outcrop section along the Igwesi-Achi road exposure. The fault started its development towards the upper Santonian while folding developed in the early Santonian period

Fig 1: Systematic diagram of Normal Fault seen in the Study Area showing the heave
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Fig. 2: Schematic diagram showing the fault system in the AwguAarea

7.5 Folding

Folding of rock can be referred to as a stacking of originally planar surfaces such as sedimentary strata, that are curve during deformation. The main cause of folding of the sedimentary deposits in the southeastern Benue through is the tectonic event that occurred in the Santonian period, this created depressions that gave rise to the formation of the Anambra and Afikpo basins. The antiforms in the Mamu deposits has E-W average strike. The outcrops section distribution of fold is asymmetrical, with both antiform and synfrom limbs. The growth of these small to medium-scale folds on the Mamu deposits affected the sedimentation partially. The folds are not major folds because there were not on a large-scale. This deformation features seen in Mmau formation are not synsedimentary folds but deformational folds since they were formed as a result of the Post- Santonian tectonic event.
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Fig. 3: Schematic diagram showing folding system as observed in Awgu Area
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Fig. 4: Structural Map of the Study Area as derived from the Study
7.6 Deformational Structure of Soft Sediments
The tectonic event which give rise to subsidence in the lower Benue trough is recorded by the type and distribution of soft-sediment deformation structure that were observed in different locations within the Awgu axis. The structure observed include intra-deformational angular discordance in form of folds and fault (Obi & Okigbue, 2003).

Deformation recorded from the study area occur within the alternating shale and coarse-grained of the Mamu formation. The deformational structures which are readily observable in are faults and also cross-beddings.

Further evidence of the subsidence of the Anambra basin during the Campanian-Maastrichtian period is recorded by the types of distribution of soft-sediment deformation structures stated by Obi and Okigbue, (2003). The soft-sediment deformation leading to a variety of deformational structure that were observed and clearly seen at the outcrop sections in the study area. The deformational structures include intra-deformational angular discordance in the form of folds and faults (Obi and Okigbue, 2003).
Deformed zone occurs within the alternating sandstone and shale of the Mamu Formation just above the Nkporo group. The deformational structures comprise of fault structures and overturned structures
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Fig. 5: An overturned Mamu Shale bed due to tectonism at Obeagu
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Fig. 6: Faulted section of the Mamu Formation at Obeagu showing the effect of Tectonism

Above the faulted sandstone is an overturned shale bed that occurs within the formation. Also noticed within the deformed formation is the overturned bed forming a recumbent fold. These structures are clearly observed and well exposed at the Obeagu section of the Mamu Formation.
8. Conclusion
The conﬁned nature of the deformation to a single layer not cutting across lithologic boundaries and lateral continuity within the Mmau Formation in the localities suggests that the tectonic activity that leads to the deformation was an instantaneous processes caused by an earthquake shock. 
The study has shown the deformational trends in Awgu and its environs. It shows the layering of different sedimentary rocks, comprising of sandstone, silt, clay, shale and conglomerate. The tectonic event that occurred in the Santonian time extended through the Benue Trough and to the Anambra basin resulting to the folding and faulting of most formations found in Anambra Basin. The deformation found in this study are folds and faults and cross-beds. The faults that occur in the study area are normal faults. The faults in this study area crop out in the S-W direction and deformed deposits of the Mamu Formation. The folds found in this study are antiform, synform and overturned folds.
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Overturned Shale bed of Mamu Formation in Obeagu





Faulted Section of the Mamu Formation at Obeagu









