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ABSTRACT

This study presents an integrated sedimentological and petrographic analysis of quartz-rich Lafiagi sand deposits aimed at understanding their provenance, depositional environment, maturity levels, and implications for petroleum exploration. The results reveal high textural and compositional maturity, characterized by dominant well-rounded monocrystalline quartz and angular to sub-angular polycrystalline quartz, indicating a mixed sediment supply from both recycled sedimentary sources and proximal metamorphic terrains. The compositional supermaturity of the sands reflects prolonged reworking in high-energy coastal to shallow marine environments, typical of passive continental margin settings. The research demonstrates that these sedimentary characteristics are favorable for hydrocarbon exploration, with supermature quartz sands providing excellent reservoir properties, including high porosity and permeability, and resistance to diagenetic cementation. Furthermore, the presence of associated fine-grained sediments suggests the likelihood of effective seals and source rocks. Overall, the study contributes to the understanding of sediment provenance and depositional processes, providing essential insights for predicting reservoir quality and guiding petroleum exploration in similar geological settings. The lithological section is dominated by sandstone units with varying grain sizes, sorting, and sedimentary structures such as cross-bedding and ripple marks. These features indicate deposition in a fluvial to shallow marine environment under variable energy conditions. The sandstones show moderate to high compositional maturity, suggesting a mixture of nearby and recycled sediment sources.
CHAPTER ONE
INTRODUCTION TO SEDIMENTOLOGY AND SANDSTONES 

1.1 BACKGROUND  
Sandstones are clastic sedimentary rocks composed mainly of sand-sized mineral particles, predominantly quartz and feldspar. The grain size of sandstones typically ranges between 0.0625 mm and 2 mm. They form through the processes of weathering, transportation, deposition, and lithification.  Its important includes:

· Studying sedimentology helps geologists: 

· Reconstruct paleoenvironments and paleoclimates. 

· Understand reservoir characteristics for hydrocarbon exploration. 

· Analyze groundwater aquifers and mineral deposits. 

· Investigate sediment transport and deposition processes. 

1.2 STATEMENT OF THE PROBLEMS 

Despite several geological studies carried out in the Bida Basin, there remains a limited understanding of the sedimentological characteristics, provenance, and depositional environments of the sandstone formations within the basin. Accurate interpretation of these factors is essential for reconstructing the basin's geological history and assessing its economic potential, especially for petroleum and groundwater exploration.

Many previous studies have focused more on general stratigraphy and structural geology, with insufficient detailed analysis of the texture, composition, and maturity of the sandstones. As a result, there is still uncertainty regarding the sediment source areas, transportation mechanisms, depositional environments, and the reservoir quality of the sandstones in the basin.

Without a comprehensive sedimentological and laboratory-based investigation, it becomes difficult to reliably predict the basin's potential for hydrocarbon accumulation, groundwater resources, or construction materials.

Therefore, this research seeks to bridge this knowledge gap by combining field observations with laboratory analyses to better understand the sedimentary processes, depositional environments, and economic significance of the sandstone units in the Bida Basin.
1.3 AIMS AND OBJECTIVES 
This study aimed at determining the depositional environments and provenance of the sandstone exposed at Lafiagi, Northern Bida Basin, Kwara State, North Central, Nigeria.

The objectives of this project are: 

1. To analyze the sedimentological characteristics of sandstones. 

2. To identify various depositional environments in which sandstones form. 

3. To interpret past geological environments and maturity based on sandstone properties. 

1.4 SCOPE AND LIMITATIONS OF THE STUDY

This research focuses on understanding the sedimentology and depositional environment of sandstone within the study area, specifically:

· Field Investigation — Describing the physical characteristics of sandstone, including grain size, sorting, roundness, color, and sedimentary structures (e.g., cross-bedding, ripple marks).

· Facies Analysis — Identifying different sedimentary facies to interpret the environment where the sandstone was deposited (e.g., river, delta, shallow marine, or beach).

· Laboratory Analysis — Using techniques such as thin section petrography, grain size analysis, and mineralogical tests (e.g., XRD) to determine the composition, texture, maturity, and source of the sandstone.

· Depositional Environment Interpretation — Combining field and lab results to reconstruct the depositional setting and understand sediment transport mechanisms and energy conditions.

· Economic Implications (Optional) — Assessing the potential of the sandstone as a reservoir rock for petroleum or groundwater resources.

LIMITATIONS OF THE STUDY

While the study provides important insights, there are certain limitations:

· Limited Sample Coverage — The study area may not fully represent the entire basin due to time, budget, or accessibility constraints.

· Weathering and Exposure Conditions — Some outcrops may be highly weathered or poorly exposed, making it difficult to obtain fresh, reliable samples.

· Laboratory Constraints — Access to advanced laboratory equipment like Scanning Electron Microscopy (SEM) or advanced geochemical tools may be limited, affecting the depth of compositional analysis.

· Temporal Resolution — The study may not precisely date the sediments; interpretations are based mostly on lithology and sedimentary structures rather than absolute dating methods.

· Complex Tectonics — Tectonic overprinting or diagenetic changes may obscure primary sedimentary features, leading to possible uncertainties in environmental interpretations.
1.5 SIGNIFICANCE OF THE STUDY  
Sedimentology, which studies the processes of sediment formation, transportation, and deposition, is crucial for understanding sandstone's significance. Depositional environments, where sandstone forms, are key to interpreting Earth's history, revealing past climates, tectonic activities, and source rock locations. Sandstone's composition, textures, and sedimentary structures act as indicators of these past environments.  

1.6 LOCATION AND ACCESSIBILITY OF THE STUDY AREA

Location 

The study area, Lafiagi, located within the northern part of the Bida Basin in Kwara State, Nigeria, lies between latitude 8°50'N to 9°10'N and longitude 5°20'E to 5°40'E, and is characterized by gently undulating plains with elevations ranging from 100 to 300 meters above sea level, experiencing a tropical savanna climate with distinct wet (April to October) and dry (November to March) seasons, annual rainfall between 1,000 mm and 1,500 mm, and temperatures ranging from 25°C to 38°C, making the area suitable for geological studies despite seasonal accessibility challenges.

Accessibility 

Accessibility to Lafiagi is relatively good, as it is connected to major towns such as Bida, Tsaragi, and Ilorin by tarred roads, although movement to specific rock outcrops may require motorcycles or trekking, especially during the rainy season when some routes become difficult to pass.

Topography
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The topography of Lafiagi in the Bida Basin is generally flat to gently undulating, with elevations ranging from approximately 100 to 300 meters above sea level, featuring low-lying plains, scattered hills, seasonal streams, and proximity to the River Niger, which influences drainage and sediment distribution in the area.
FIGURE 1: THE GEOLOGICAL MAP OF NIGERIA SHOWING THE POSITION OF BIDA BASIN

CHAPTER TWO
LITERATURE REVIEW 

2.1 REVIEW OF PREVIOUS WORK  
The Bida Basin in central Nigeria has strong potential for an active petroleum system,     with evidence of hydrocarbon seepages near Pategi/Muregi and Ahoko. Field studies show the Lokoja Formation was deposited by braided rivers, the Patti Formation by fluvial floodplain to marine environments, and the Agbaja Formation by marginal marine-fluvial channels. Geochemical data suggest the basin’s source rocks are gas-prone, with reservoir potential in the Lokoja and Patti Formations, seals in the Patti and Agbaja shales, and various structural and stratigraphic traps. Areas around Bida, Pategi, Muregi, Baro, Agbaja, Ahoko, Abaji, and Gada Biyu are especially promising for hydrocarbon exploration. (N. G Obaje et al. 2011). 

(According to Olusola J. Ojo and Samuel Akande ), The Bida Basin in central Nigeria is divided into northern and southern parts, but the Share-Lafiagi-Shonga area is under-studied. Fifteen sediment profiles from this area reveal five depositional facies: alluvial fan, braided channel, floodplain, tidal channel, and shoreface. The sediments show a transition from gravity-driven alluvial fans to fluvial and tidal environments, with economic clay deposits present on floodplains. 

The Bida Basin is a NW–SE trending intracratonic sedimentary basin in central Nigeria. It forms a structural link between the Anambra and Sokoto basins. Understanding the sedimentology of the sandstones within this basin is critical for reconstructing its depositional history and evaluating its resource potential (Obaje, 2009). 

Ojo & Akande (2009) studied the Enagi Formation in the northern Bida Basin and identified conglomerates, sandstones, and claystone facies. The sandstones were interpreted to be deposited in high-energy shoreface and tidal-channel environments during a transgressive marine phase.

Odigo & Sambo (2023) conducted geochemical analysis of sandstones in the northern Bida Basin, revealing a provenance from felsic to intermediate igneous rocks. The study indicated moderate chemical weathering and a passive margin depositional setting.

Adeoye et al. (2024) analyzed shales of the Patti and Enagi Formations, identifying brackish to marine foraminifera, which confirms deposition in shallow marine and coastal environments with occasional fluvial influence.

Ojo, Adepoju & Adedoyin (2015) investigated the petrography and geochemistry of Patti Formation sandstones. The results classified the rocks as quartz arenites to sub-arkosic sandstones, sourced from felsic basement rocks, deposited under humid climatic conditions typical of passive margins.

Nton & Adamolekun (2016) studied the Lokoja and Patti Formations in the southern Bida Basin, identifying fluvial conglomerates and arkosic to sub-arkosic sandstones with reworked heavy mineral assemblages, indicating passive continental block provenance under humid weathering conditions.

PubMed (2021) focused on the Campanian Lokoja Formation, classifying the sandstones as arkosic to litharenitic. The sediments were deposited in high-energy fluvial environments, derived from felsic basement sources, with moderate weathering intensity.

Adeoye et al. (2025) described the Maastrichtian to Campanian Enagi Formation sandstones as moderately mature, deposited in shallow marine environments associated with passive margin tectonic settings.

Ojo (2009) investigated the Bida Formation near Share-Pategi, characterizing it by poorly sorted fluvial conglomerates and cross-bedded sandstones, deposited in braided river systems transitioning to floodplain claystones.

Roberts et al. (2019) proposed an updated stratigraphy of the Bida Basin, detailing basal alluvial fan and braided fluvial facies (Lokoja/Bida Formations) overlain by shallow marine shoreface sandstones and shales (Patti/Enagi Formations), representing a passive margin sequence.

Adepoju et al. (2025) studied claystone facies in the northern Bida Basin, interpreting them as floodplain overbank deposits with intense weathering signatures, supporting a humid paleoclimate.

Nigerian Geological Survey (2023) mapped lithostratigraphic units across the Bida Basin, highlighting potential petroleum system elements, including reservoir-quality sandstones and overlying seal rocks within the passive margin framework.

2.2: GEOLOGICAL SETTINGS OF BIDA BASIN  
The Bida Basin has been broadly subdivided into the Northern and Southern Bida Basins (Fig. 1) based on the geographical setting. The northern sector is popularly referred to as the Bida area while the southern sector is named the Lokoja area. 

The stratigraphic succession of each region was established and correlated across the basin and to the adjoining Anambra Basin. Russ (1930), Adeleye (1974), Whiteman (1982), Braide (1992), Idowu and Enu (1992), Akande et al. (2005), Obaje et al. (2013), Obaje et al. (2013) and Ojo and Akande (2009) among others, established the lithostratigraphic succession shown in Table 1. It was generally agreed by these workers that the Lokoja Sandstone overlies the Basement Complex nonconformably in the Southern Bida Basin. Its equivalent in the Northern Bida Basin – the Bida Sandstone, also lies unconformably on the basement rocks in that region. The Lokoja and Bida Sandstones range from massive, immature (texturally and mineralogically), matrix to clast supported conglomerate, which fines upward to conglomeratic sandstone, to mediumgrained sandstone, siltstone and surbordinate claystone. Russ (1930), Adeleye (1974), Whiteman (1982) and Akande et al. (2005) believed the Lokoja and Bida Sandstones are directly overlain by the Patti Formation, which is equivalent to the Enagi Formation in the Northern Basin and in turn overlain by the Agbaja Formation. 

Recent and more detailed field studies by the authors of this paper revealed that the lithostratigraphic sequence of the basin is at variance with those proposed by the earlier studies (Adeleye, 1971; Adeleye and Dessauvagie; 1972; Nwajide et al., 1998; Ojo and Akande, 2003). While some formation names remain valid, others are not because the formations were not exposed at the locations after which they were named. 
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FIGURE 2.1: GEOLOFICAL MAP OF BIDA BASIN
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FIGURE 2.2 : STRATOGRAPHY MAP OF BIDA BASIN
2.3 : REGIONAL STRATIGRAPHIC SETTINGS OF BIDA BASIN 
The stratigraphic succession of each region was established and correlated across the basin and to the adjoining Anambra Basin. Russ (1930), Adeleye (1974), Whiteman (1982), Braide (1992), Idowu and Enu (1992), Akande et al. (2005), Obaje et al. (2013), Obaje et al. (2013) and Ojo and Akande (2009) among others, established the lithostratigraphic succession shown in It was generally agreed by these workers that the Lokoja Sandstone overlies the Basement Complex nonconformably in the Southern Bida Basin. Its equivalent in the Northern Bida Basin – the Bida Sandstone, also lies unconformably on the basement rocks in that region. The Lokoja and Bida Sandstones range from massive, immature (texturally and mineralogically), matrix to clast supported conglomerate, which fines upward to conglomeratic sandstone, to medium-grained sandstone, siltstone and surbordinate claystone. Russ (1930), Adeleye (1974), Whiteman (1982) and Akande et al. (2005) believed the Lokoja and Bida Sandstones are directly overlain by the Patti Formation, which is equivalent to the Enagi Formation in the Northern Basin and in turn overlain by the Agbaja Formation. 
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FIGURE 2.3: REGIONAL STRATIGRAPHY SUCCESSIONS IN BIDA BASIN

2.4 OVERVIEW AND CLASSIFICATION OF SEDIMENTARY ROCKS  
Sedimentary rocks are formed from the accumulation and consolidation of sediments, which are fragments of other rocks, minerals, or organic matter. They are classified into three main categories: clastic (or detrital), chemical, and organic, based on their formation processes. These rocks are typically layered and are found at or near the Earth's surface. They are classified as follow:

· Clastic Sedimentary Rocks: 
These are formed from fragments of other rocks and minerals that have been weathered, eroded, transported, and deposited.  

Examples: Conglomerate, sandstone, siltstone, shale.  

Classification: Clastic rocks are further classified based on the size of the clasts (fragments) they contain, such as gravel, sand, silt, and clay.  

· Chemical Sedimentary Rocks: 
These rocks form when minerals precipitate from a solution, often due to changes in temperature, pressure, or evaporation.  

Examples: Limestone, rock salt, chert.  

Classification: Chemical rocks are classified based on their mineral composition.  

· Organic Sedimentary Rocks: 
These rocks are composed of the remains of plants or animals.  

Examples: Coal, some limestones.  

Classification: Organic rocks are classified based on the type of organic material they contain.  

Sedimentary rocks are typically characterized by layers (also known as bedding or stratification).  

They can exhibit various sedimentary structures like ripple marks, mud cracks, and fossils, which provide clues about their formation environment.  

Sedimentary rocks can contain a variety of minerals, including quartz, calcite, and clay minerals. They are typically found at or near the Earth's surface, often covering large areas.  

The processes of its formation are;

· Weathering and Erosion: The breakdown of existing rocks into smaller particles.  
· Transportation: The movement of sediment by wind, water, or ice.  
· Deposition: The settling of sediment in a new location.  
· Lithification: The process of turning loose sediment into solid rock, involving compaction and cementation. 
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FIGURE 2.4 : Sedimentary Rock
2.5 SEDIMENTARY ROCK TEXTURES  

Sedimentary rock textures describe the size, shape, and arrangement of grains within the rock. These textures are broadly categorized into clastic and nonclastic (crystalline) types. Clastic textures are found in rocks composed of fragments of other rocks or minerals, while non-clastic textures are characteristic of rocks formed by chemical precipitation. 

The classic sedimentary structure are:

· Grain Size: Refers to the size of the individual particles within the rock, ranging from large (boulders, cobbles, pebbles) to small (sand, silt, clay).  
· Grain Shape: Describes the roundness and sphericity of the grains, ranging from angular (sharp edges) to rounded (smooth, curved surfaces).  
· Sorting: Indicates the uniformity of grain sizes within the rock. Well-sorted rocks have grains of similar size, while poorly sorted rocks have a wide range of sizes.  
· Fabric: Encompasses the arrangement of grains, including packing (how tightly they are packed together) and orientation (the alignment of elongated grains).  

The non-clastic textures include:

· Crystalline Texture: Characterized by an interlocking arrangement of mineral grains, often seen in rocks formed by chemical precipitation. 
· Grain Size: Can be described in terms of crystal size, ranging from microscopic to visible to the naked eye. 
· Fabric: Similar to clastic rocks, the fabric describes the arrangement of crystals, including packing and orientation. 

2.6 DEPOSITION AND DEPOSITIONAL ENVIRONMENT  
The process of sediment settling out of a transporting medium (water, wind, ice).  

The specific location where sediment accumulates, characterized by particular physical, chemical, and biological conditions.  

Features within sedimentary rocks that provide clues about the depositional environment, such as bedding, ripple marks, and fossils.  

Examples of Depositional Environments are:
i. Terrestrial Environments: 
· Fluvial (River): Characterized by river channels, floodplains, and alluvial fans, with sediments like sand, gravel, and mud.  

· Lacustrine (Lake): Lakes with fine-grained sediments like silt and clay, and sometimes evaporites if the lake dries up.  

· Aeolian (Wind): Deserts with wind-blown sand dunes, sand sheets, and dust deposits.  

· Glacial: Areas affected by glaciers, with deposits of till (unsorted sediment) and outwash (sediment deposited by glacial meltwater).  

ii. Transitional Environments: 
· Deltaic: Where rivers meet larger bodies of water (oceans or lakes), with a mix of fluvial and marine sediments.  

· Coastal (Beach, Tidal Flat): Areas along coastlines with wave action and tidal currents, depositing sand, gravel, and mud.  

iii.Marine Environments: 
· Shallow Marine: Areas near shorelines with wave and current action, like continental shelves, with sand, silt, and mud deposits. 

· Deep Marine: Deeper ocean areas with fine-grained sediments like mud and turbidites (sediment gravity flow deposits). 
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FIGURE 2.5: DEPOSITIONAL ENVIRONMENT AND SEDIMENTARY BASINS 
2.7 SEDIMENTARY STRUCTURES  
Sedimentary structures are physical features within sedimentary rocks that reveal information about the depositional environment and the processes that shaped them. These structures, such as bedding, ripple marks, and cross-bedding, are crucial for understanding Earth's history and the formation of sedimentary rocks.  

Here's a breakdown of key aspects: 

Types of Sedimentary Structures are:

· Bedding: The most basic structure, where sediments are deposited in layers (beds or strata). Changes in sediment type, grain size, or depositional conditions create these layers.  

· Cross-bedding: Inclined layers within a bed, often formed by migrating dunes or ripples in wind or water currents.  

· Ripple marks: Wavy surface features formed by wind or water currents on sandy sediments.  

· Mud cracks: Polygonal patterns formed when muddy sediments dry and shrink.  

· Trace fossils: Fossilized tracks, trails, and burrows of organisms, providing insights into past life and environments.  

· Graded bedding: A decrease in grain size from the bottom to the top of a bed, often associated with waning currents.  

· Bioturbation structures: Features created by the activity of organisms within the sediment (e.g., burrows, tracks).  

· Soft sediment deformation structures: Features like convolute bedding or flame structures that form from instability in the sediment.  

· Sedimentary boudinage: Stretching and breaking of sedimentary layers due to tectonic forces or gravity. 
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FIGURE 2.6: FORMATION OF SEDIMENTARY ROCK 
2.8 STUDY OF SEDIMENTARY ROCKS

Study of Sedimentary Rocks (Field and Laboratory Approach)

The study of sedimentary rocks is done in two main ways:

· Field Study (outdoor observations)

· Laboratory Study (indoor, detailed tests)

Both are important to fully understand how the rocks were formed, what they are made of, and their potential uses (like oil exploration or groundwater studies).

1. Field Study of Sedimentary Rocks

This is when geologists go to the site (the field) to directly observe the rocks in their natural position.

Key Activities:

· Rock Description: Checking color, grain size (coarse or fine), shape of grains (rounded or sharp), sorting (well or poorly sorted).

· Measuring Layers: Recording the thickness of rock layers to know how they were deposited over time.

· Identifying Structures: Looking for features like ripple marks, cross-bedding, mud cracks, or fossils to understand how the rocks formed — for example, in rivers, beaches, deserts, or marine environments.

· Taking Samples: Collecting rock pieces for further lab tests.

Why Field Study is Important:

Helps in knowing the environment where the rocks formed (e.g., river, sea, desert).

Shows the history of earth processes in the area.

Provides the first step before laboratory confirmation.

2. Laboratory Study of Sedimentary Rocks

This happens after samples are taken from the field to the lab for more detailed analysis.

Key Tests Done:

· Microscope Study (Thin Section): The rock is cut into a thin slice and observed under a microscope to see the minerals and textures clearly.

· Grain Size Analysis: Lab tests measure the sizes of the grains to classify the rock as sandstone, siltstone, shale, etc., and understand the energy of the environment (high energy = bigger grains like in rivers, low energy = finer grains like in lakes).

· Mineral Tests (XRD and XRF): Special machines are used to know exactly which minerals and elements the rock contains.

· Porosity and Permeability Tests: These measure how much space is inside the rock (pores) and how easily fluids like water, oil, or gas can pass through. Very important in petroleum exploration.

3. Relationship Between Field and Lab Study

Fieldwork gives the first idea of the rock and environment.

Lab work confirms the details (minerals, exact composition, origin).

Together, they help geologists understand the rock's history, formation process, and possible economic importance (like oil, gas, water, or building materials).
CHAPTER THREE

METHODS OF STUDY

3.1
MATERIALS AND METHODS


This study involves both field work and laboratory analysis.

3.2
SAMPLE COLLECTION AND FIELD STUDY 

Field study entailed carrying out a geological mapping of the rock types in the study area Lafiagi, Northern Bida Basin. The mapping exercise was basically aimed at identifying the rocks and establishing stratigraphic succession of the rocks on the basis of their field relationships. It also involved collection of spot rock samples for laboratory studies. Field observations including grain texture, colour, grains orientation, mineralogical composition, measurements of coordinates and elevation with GPS, taking photographs of important sedimentary structures and logging of exposed vertical sections were done.

Five (5) samples of sandstones were collected from the road cut exposures with the aid of geological hammer. The samples were properly kept in the sample bags and labelled accurately with masking tape and permanent marker for easy identification. They were labelled as follows: LF1, LF2, LF3, LF4 and LF5 respectively. The samples were then taken to the laboratory for further analysis.   

3.3
LABORATORY ANALYSIS

The thin section petrography analysis was aimed at determining the mineralogy of the sandstones. The experiment was performed in the Sedimentological Laboratory, Geology Department, Kwara State University, Malete. 

3.3.1
PETROGRAPHIC ANALYSIS

Petrographic analysis was conducted using thin section microscopy to study the sandstone’s mineralogy and texture. All the sandstones sample from the field are poorly consolidated, fragile, and friable. Due to friable nature of these sandstone, firing impregnation and cool moulding. Impregnation was employed before mounting on slide for microscopic view.  Four (4) samples LF1, LF3, LF5 and LF6 were selected for thin section petrography. The samples were dried over an acetone bath, impregnated with polyester resin mix, cut and polished using minor modification of standard hard rock thin sectioning equipment and techniques. The materials used are hardener and resin, in which their mixture is ratio 1:3 giving thin araldite. The moulding container acetone had to be lubricated with vaseline or engine oil to allow the mould to remove easily. A small quantity of the prepared araldite was poured at the bottom of the container after which the loose sample was poured and packed with a glass rod to prevent space from being created between the grains. The prepared araldite was applied to it and the sample number was written on the sample before it solidified.
After impregnation, the thin section slides were prepared by grinding one side perfectly flat with carborundum powder on a glass plate. Slides to be used are heated after which Canada balsam is placed on it. Further grinding is done until a thickness of 0.03m was reached and this is checked under a microscope with cross polar to see the polarization color attribute of some known mineral such as quartz (grey or white of the first order). When the correct thickness is reached, the thin sections were thoroughly washed and all remaining resin scraped away from around the chip. The slides were later covered with cover slips which was pressed down to remove any air bobbles present. Excess cement was removed with methylated spirit. The thin sections were observed under the polarizing microscope to determine the mineral composition of the rock samples.

CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1
LITHOLOGICAL DESCRIPTION AND DEPOSITIONAL ENVIRONMENTS

Location: Lafiagi, Northern Bida Basin, Kwara State, Nigeria

Coordinates: 8° 50’ 56.8’’ N, 5° 24’ 58.1’’ E

Elevation: 127m
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The lithological section from Lafiagi in the Northern Bida Basin reveals a sedimentary succession indicative of a dynamic fluvio-deltaic depositional system. The Bida Basin is known for its Cretaceous sediments deposited in fluvial, deltaic, and shallow marine environments (Obaje, 2009; Nwajide, 2013).

Interval-Based Environmental Interpretation

LF 1 (0 – 0.6m)

Massive, pinkish-milky, lithified, clay-supported medium-grained sandstone

This interval suggests deposition under low to moderate energy conditions, characteristic of distal floodplain or lower delta plain environments, where clay matrix accumulation is common (Nichols, 2009). The lithification points to post-depositional diagenetic processes (Allen, 1982).

Environment: Floodplain to Lower Delta Plain

LF 2 (0.6 – 1.3m)

Massive, pinkish, clay-supported, medium to coarse-grained sandstone

The coarse grain size and massive bedding reflect higher energy conditions, typical of fluvial channels or point bar deposits within a meandering river system (Allen, 1982; Nwajide, 2013).

Environment: Fluvial Channel or Point Bar

LF 3 (1.3 – 2.2m)

Reddish to brownish, lithified, laminated, clay-supported, pebbly sandstone

The presence of laminations and pebbles indicates periodic high-energy flows interspersed with finer sediment deposition, consistent with braided river or proximal delta front settings (Nichols, 2009).

Environment: Braided Fluvial System or Proximal Delta Front.
LF 4 (2.2 – 2.8m)

Massive, pinkish-milky, clay-supported, fine to medium-grained sandstone

This reflects a reduction in depositional energy compared to LF 2 and LF 3, pointing to floodplain or distal point bar environments within a fluvial system (Obaje, 2009).

Environment: Distal Fluvial Channel or Floodplain

LF 5 (2.8 – 4.0m)

Reddish-brownish, bioturbated sandstone

Bioturbation reflects the presence of benthic organisms, which suggests deposition in marginal marine to lower delta plain environments such as tidal flats or shoreface zones (Nichols, 2009; Nwajide, 2013).

Environment: Marginal Marine (Tidal Flat or Shoreface)

LF 6 (4.0 – 5.0m)

Massive, brownish, very fine-grained sandstone

The very fine grain size and massive structure indicate low-energy suspension fallout, likely in a lagoonal, lower delta plain, or shallow marine shelf setting (Allen, 1982).

Environment: Lagoonal, Sheltered Delta Front, or Lower Floodplain

Topsoil (Surface Layer)

The topsoil represents modern pedogenic processes and does not reflect the ancient depositional environment.

Overall Interpretation

The vertical succession indicates a transition from high-energy fluvial channel deposits (LF 2 and LF 3) to floodplain environments (LF 1 and LF 4), followed by more marine-influenced conditions in the upper layers (LF 5 and LF 6). Such a sequence is consistent with deltaic progradation or a transgressive trend in a fluvio-deltaic system, characteristic of the Bida Basin during the Cretaceous (Obaje, 2009; Nwajide, 2013).
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Plate 4.1: Massive Milkish-Redish Pebbly Sandstone
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Plate 4.3: Massive Redish Lithified Conglomeratic Sandstone
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4.2 THIN SECTION PETROGRAPHIC INTERPRETATION 
The results of the thin section petrographic analysis are use to infer the following

Table 4.1:  Table of Result of the Thin Section

	Sample 
	Polycrystalline Quartz
	Mono crystalline 
	Angularity 
	Text maturity 
	Composition maturity 

	LF 1
	53
	25
	Angular to sub- angular ( PQT)
	High 
	Super (-92% Qtz)

	LF 3
	45
	42
	Similar to LF 1
	High
	Super (-92% Qtz)

	LF 5
	53
	32
	Similar to LF 1 
	High
	Super (-92% Qtz)

	LF 6
	36
	19
	Similar to LF 1 
	High
	Super (-94% Qtz)


4.2.1 PROVENANCE INTERPRETATION 

Provenance Interpretation Based on Quartz Grain Types and Maturity

Quartz is a highly stable and resilient mineral that provides critical insights into sediment provenance, particularly when analyzed for grain type (polycrystalline vs. Monocrystalline), grain boundaries, and degree of textural and compositional maturity (Blatt et al., 1980; Pettijohn et al., 1987).
The dataset shows a dominance of polycrystalline quartz (PQt) over monocrystalline quartz (MQt) across all samples:

LF1: PQt (53), MQt (25)

LF3: PQt (45), MQt (42)

LF5: PQt (53), MQt (32)

LF6: PQt (36), MQt (19)

A higher proportion of polycrystalline quartz is often associated with metamorphic source terrains, especially medium to high-grade metamorphic rocks like schists and gneisses (Basu et al., 1975; Garzanti et al., 2012). The angular to sub-angular boundaries in PQt grains indicate limited transport or rapid deposition, typical of proximal sediment sources (Pettijohn et al., 1987).

In contrast, rounded to sub-rounded MQt grains suggest prolonged transport or extensive reworking, likely from stable continental interiors or recycled sedimentary sources (Suttner, 1974).
The angular to sub-angular boundaries observed in polycrystalline quartz across all samples further point to a metamorphic origin, where grains often retain sharp edges during transport due to their robust nature (Blatt et al., 1980). Rounded to sub-rounded monocrystalline grains imply sediment recycling or multiple depositional cycles, characteristic of cratonic or recycled orogenic terrains (Ingersoll et al., 1993).
All samples are classified as “super mature” or “supermature,” with quartz content exceeding 92%:

LF1: Super mature (≈92% quartz)

LF3: Super mature (≈92% quartz)

LF5: Super mature (≈92% quartz)

LF6: Supermature (≈94% quartz)

High compositional maturity (quartz-rich sands) combined with textural maturity (well-rounded, well-sorted grains) typically reflects prolonged weathering, transport, or reworking, consistent with stable cratonic sources or recycled sediments (Blatt et al., 1980; Pettijohn et al., 1987). However, the high ratio of polycrystalline quartz suggests a significant contribution from metamorphic terranes despite the supermature classification.
The ratios reflect varying source dominance:

LF1: 53:25 (PQt > MQt)

LF3: 45:42 (Nearly balanced)

LF5: 53:32 (PQt > MQt)

LF6: 36:19 (PQt > MQt)

A dominance of PQt suggests input from metamorphic rocks, particularly in LF1, LF5, and LF6. The near-equilibrium in LF3 implies mixed provenance—possibly combining metamorphic with recycled sedimentary sources (Basu et al., 1975; Garzanti et al., 2012).
Based on quartz grain analysis:

The sediment samples likely derive from medium to high-grade metamorphic terrains, with possible contributions from recycled sedimentary or cratonic sources.

High compositional maturity (super mature) suggests intense weathering and prolonged transport, typical of passive continental margins or stable cratonic settings.

The combination of polycrystalline dominance and well-rounded monocrystalline grains implies complex sediment histories, possibly involving multiple sedimentary cycles (Dickinson & Suczek, 1979).

This points to a mixed provenance, combining contributions from:

· Metamorphic highlands (primary source of angular PQt)

· Cratonic interiors or recycled basins (source of mature, rounded MQt)

· Provenance Interpretation Based on Quartz Grain Types and Maturity

4.2.2 TEXTURE AND COMPOSITIONAL MATURITY INTERPRETATION 
Sediment maturity is evaluated based on two primary parameters:

· Textural Maturity: Refers to the roundness, sphericity, and sorting of grains, indicative of the transport history and depositional processes (Pettijohn et al., 1987).

· Compositional Maturity: Represents the mineralogical stability of sediments, primarily quantified by the abundance of quartz relative to less stable minerals like feldspars and lithic fragments (Blatt et al., 1980).

Together, these parameters help infer the extent of sediment reworking, transport distance, depositional environment, and source rock characteristics (Suttner & Dutta, 1986).

4.2.2.1 Textural Maturity Interpretation

Observations from the Dataset:

· The quartz grains, both polycrystalline (PQt) and monocrystalline (MQt), display:

· Angular to Sub-angular boundaries in polycrystalline quartz

· Rounded to Sub-rounded forms in monocrystalline quartz

Interpretation:

The angular to sub-angular forms of PQt suggest limited abrasion during transport, reflecting a relatively short transport distance or rapid deposition, possibly from nearby metamorphic or crystalline highlands (Basu et al., 1975; Pettijohn et al., 1987).

The rounded to sub-rounded MQt grains indicate prolonged mechanical weathering and transport, typical of sediments derived from stable continental cratons or recycled orogenic belts (Suttner, 1974; Dickinson, 1985).

This mixed texture points to a polycyclic sediment history, where sediments have undergone varying degrees of reworking, consistent with deposits found along passive margins or intracratonic basins (Dickinson & Suczek, 1979).

Textural Maturity Classification:

Despite the presence of angular PQt, the abundance of rounded MQt and overall quartz dominance aligns with high textural maturity, reflecting:

Effective winnowing of unstable minerals

Prolonged sedimentary cycling

Possibly high-energy fluvial or beach depositional settings (Blatt et al., 1980)

4.2.2.2 Compositional Maturity Interpretation

Observations from the Dataset:

LF1: Super mature (~92% quartz)

LF3: Super mature (~92% quartz)

LF5: Super mature (~92% quartz)

LF6: Supermature (~94% quartz)

All samples exhibit quartz content exceeding 92%, with a dominance of both polycrystalline and monocrystalline quartz varieties.

Interpretation:

High quartz content, exceeding 90%, is characteristic of supermature sands, suggesting:

Extensive chemical weathering of source rocks

High sedimentary recycling

Efficient removal of unstable lithic fragments and feldspars (Pettijohn et al., 1987; Garzanti et al., 2012)

Such maturity levels are typically associated with:

· Stable cratonic settings

· Passive continental margins

· Epicontinental seas

The compositional maturity aligns with prolonged weathering, possibly under tropical to subtropical climates, which promote quartz enrichment through feldspar breakdown (Blatt et al., 1980).

Polycrystalline Quartz Considerations:

Although high compositional maturity often suggests a sedimentary or recycled origin, the significant proportion of polycrystalline quartz indicates a metamorphic contribution, where quartz has undergone recrystallization under high-grade metamorphic conditions (Basu et al., 1975; Ingersoll et al., 1993).

Thus, the compositional maturity reflects a composite sediment history, combining:

First-cycle inputs from metamorphic sources

Multi-cycle contributions from recycled quartz-rich sedimentary rocks

Integrated Interpretation:
The textural maturity, indicated by rounded to sub-rounded grains, reveals significant sedimentary reworking and abrasion, consistent with mature fluvial, beach, or shallow marine environments.

The compositional maturity, marked by high quartz content, signifies mineralogical stability, typical of long sediment transport distances or multiple sedimentary cycles (Pettijohn et al., 1987).

The co-existence of angular polycrystalline and rounded monocrystalline quartz suggests a mixture of freshly derived metamorphic debris and highly recycled quartz from cratonic interiors or ancient sedimentary basins (Basu et al., 1975).

Such characteristics are typical of sedimentary systems adjacent to metamorphic highlands, where first-cycle metamorphic detritus mixes with multi-cycle recycled material, producing supermature sands (Dickinson & Suczek, 1979; Garzanti et al., 2012).

The dataset’s textural and compositional parameters collectively indicate:

High degrees of weathering and sediment recycling

Mixed provenance from both metamorphic terrains and stable continental regions

Depositional environments favoring mechanical abrasion and mineralogical sorting, such as high-energy beaches or fluvial systems

Overall, the sands are texturally and compositionally supermature, with a complex provenance history reflecting both primary metamorphic inputs and recycled sedimentary contributions.

4.2.3  DEPOSITIONAL ENVIRONMENT INTERPRETATION 

Understanding the depositional environment of sedimentary units requires integrated analysis of textural characteristics, compositional maturity, grain morphology, and mineralogical composition (Folk, 1974; Pettijohn et al., 1987). The dataset provided contains key parameters—including quartz grain types (polycrystalline vs. Monocrystalline), angularity, and maturity levels—that help infer the likely sedimentary settings.

Table 1: Key Indicators from the Dataset

General Observations:

High quartz content (>92%), indicating supermature sands

Rounded to sub-rounded monocrystalline quartz (MQt), suggesting extensive transport/reworking

Polycrystalline quartz (PQt) dominance with angular to sub-angular boundaries, pointing to metamorphic source regions

Depositional Environment Interpretation

High Textural and Compositional Maturity

Supermature sands with >92% quartz indicate:

Extensive sedimentary recycling

High-energy depositional settings that facilitate winnowing of unstable minerals (Pettijohn et al., 1987; Folk, 1980)

Environments such as:

Beaches and barrier islands

Coastal dune fields

Well-developed fluvial systems with long transport distances

The presence of rounded to sub-rounded monocrystalline quartz supports prolonged mechanical weathering typical of such settings (Suttner, 1974).

Mixed Angularity (Angular PQt and Rounded MQt)

The angular to sub-angular nature of polycrystalline quartz indicates limited abrasion for those grains, suggesting:

Proximity to metamorphic highlands

Rapid transport from high-relief terrains

Possible contribution of first-cycle detritus from adjacent orogenic belts (Basu et al., 1975; Garzanti et al., 2012)

In contrast, the rounded to sub-rounded monocrystalline grains suggest a polycyclic sedimentary history, characteristic of recycling within cratonic basins or passive margins (Dickinson & Suczek, 1979).

Integration of Textural Features

The coexistence of both angular PQt and rounded MQt implies:

A mixed provenance system, where sediments are sourced both from:

Nearby metamorphic uplands (first-cycle PQt)

Distant stable cratonic regions or recycled sedimentary basins (reworked MQt)

A depositional environment capable of combining these sources, such as:

Passive continental margins adjacent to uplifted orogenic belts

Summary of Depositional Environment Interpretation

The combined textural, compositional, and grain morphology characteristics suggest:

· High compositional maturity → Indicates long transport distances, sedimentary recycling, and/or stable tectonic settings (Blatt et al., 1980; Pettijohn et al., 1987).

· Rounded to sub-rounded MQt → Prolonged reworking, likely in high-energy environments (Suttner, 1974).

· Angular to sub-angular PQt → First-cycle input from nearby metamorphic terrains (Basu et al., 1975).

The depositional environments for these sediments are likely to be a passive continental margin or coastal environment, influenced by both:

Fluvial systems transporting metamorphic detritus from nearby highlands

High-energy beach or shallow marine conditions promoting sediment reworking

Tectonically stable basins allowing extensive sedimentary recycling
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Plate 4.5A: Photomicrography of  LF 1A  views under Plane Polarized Light Microscope 
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Plate 4.5B: Photomicrography of  LF 1B  views under Cross Polarize Light Microscope
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Plate 4.6A: Photomicrography of LF 3A views under Plane Polarized Light Microscope 
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Plate 4.6B: Photomicrography of LF 3B  views under Cross Polarize Light Microscope
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Plate 4.7A: Photomicrography of LF 5A views under Plane Polarized Light Microscope 
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Plate 4.7B: Photomicrography of  LF 5B views under Cross Polarize Light Microscope
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Plate 4.8A: Photomicrography of LF 6A  views under Plane Polarized Light Microscope 
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Plate 4.8B: Photomicrography of LF 6B views under Cross Polarize Light Microscope

4.2.4 Implications for Petroleum Exploration

Understanding sedimentary maturity, grain composition, and depositional environment is critical for evaluating reservoir quality and hydrocarbon prospectivity (Selley, 1998; North, 1985). The dataset you provided reveals:

· High textural and compositional maturity

· Dominance of quartz (supermature sands > 92%)

· Mixed angularity (angular polycrystalline quartz; rounded monocrystalline quartz)

· Evidence for high-energy, reworked depositional environments (likely coastal, shallow marine, or fluvial systems)

These characteristics are directly linked to reservoir properties, source rock distribution, and trap potential in petroleum systems (Allen & Allen, 2013; Pettijohn et al., 1987).

1. Reservoir Quality Implications

a. High Quartz Content (Supermature Sands)

Quartz-rich sands are generally favorable for high-porosity and high-permeability reservoirs, especially if they are clean (minimal clay or feldspar content) (Selley, 1998; Blatt et al., 1980).

Supermature sands resist diagenetic cementation, preserving pore spaces even at greater burial depths (Worden & Morad, 2003).

The dominance of rounded to sub-rounded monocrystalline quartz indicates prolonged mechanical abrasion, enhancing grain packing and sorting, both critical for good reservoir quality (Pettijohn et al., 1987).

Such sediments are excellent targets for conventional hydrocarbon reservoirs, especially in shallow marine or coastal depositional systems known for good lateral reservoir continuity.

b. Textural Maturity and Grain Shape

Rounded grains improve pore interconnectivity, facilitating fluid flow (Blatt et al., 1980).

Angular polycrystalline quartz suggests proximity to metamorphic sources, possibly introducing heterogeneity, but overall high quartz content mitigates risks of significant reservoir quality reduction (Ingersoll et al., 1993).

The mixture of angular and rounded grains indicates possible multi-cycle sediment supply, enhancing reservoir development in passive margin or cratonic settings (Dickinson & Suczek, 1979).

Reservoirs in these settings may have excellent initial porosity and permeability, though variations in grain angularity and polycrystalline content should be carefully assessed through core and thin section analyses during exploration.

2. Depositional Environment and Stratigraphic Traps

a. High-Energy Coastal/Beach Environments

These settings often form extensive, laterally continuous, clean sand bodies ideal for reservoir development (North, 1985).

Potential stratigraphic traps can develop where:

Beach sands grade laterally into finer-grained offshore or lagoonal facies

Dune sands intertongue with floodplain or shallow marine deposits (Selley, 1998)

High-energy depositional systems provide predictable reservoir geometries and are often associated with prolific hydrocarbon fields in passive margins, such as the North Sea, Gulf of Mexico, and West African basins.

b. Passive Margin Settings with Mixed Provenance

The dataset suggests both recycled quartz and first-cycle metamorphic input, typical of passive margins adjacent to orogenic belts (Dickinson, 1985).

These settings often contain prolific hydrocarbon systems due to:

Thick sedimentary packages

Multiple sandstone bodies separated by fine-grained source and seal rocks

Presence of structural and stratigraphic traps (Allen & Allen, 2013).
Exploration in similar geological contexts may target stacked reservoir intervals and complex trap systems, emphasizing the need for detailed seismic and sedimentological analysis.

3. Source Rock and Seal Considerations

The high compositional maturity implies winnowing of unstable minerals, reducing clay and feldspar contents, which may limit source rock development within the sand bodies themselves (Blatt et al., 1980).

However, adjacent fine-grained marine or lagoonal deposits commonly associated with beach or coastal plain systems can serve as effective source rocks and seals (North, 1985; Selley, 1998).

Sand-rich, supermature intervals may offer excellent reservoirs but require careful mapping of associated mudstones or shales to ensure the presence of effective seals and potential source rocks.

High quartz content reduces early diagenetic cementation risk, preserving porosity (Worden & Morad, 2003).

However, polycrystalline quartz grains may undergo pressure solution at grain contacts during burial, potentially reducing porosity at deeper levels (Basu et al., 1975).

Reservoir quality prediction models must account for burial history and potential compaction effects, especially in deeper exploration targets.

Table 2: Implications for exploration 

	Factors 
	Implications for exploration 

	High quartz content ( super mature ?
	High-quality reservoir with good porosity/permeability 

	Rounded mono crystalline quartz 
	Enhanced grain packing and reservoir connectivity 

	Angular polycrystalline Quartz 
	Indicates mixed provenance; may introduce heterogeneity 

	Limited clay/feldspar content 
	Lower risk of early diagenetic porosity loss 


CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION 

The detailed sedimentological and petrographic evaluation of the studied quartz-rich sands provides critical insights into their provenance, depositional environment, maturity levels, and petroleum exploration potential. The high textural and compositional maturity, as evidenced by the dominance of well-rounded to sub-rounded monocrystalline quartz (MQt) and the significant presence of angular to sub-angular polycrystalline quartz (PQt), indicates a mixed sedimentary system influenced by both prolonged recycling processes and first-cycle inputs from nearby metamorphic orogenic sources. This combination reflects a tectonically stable passive margin setting adjacent to uplifted crystalline terrains.

The compositional maturity, with quartz content exceeding 92%, suggests extensive weathering, mechanical abrasion, and transport in high-energy environments. Such environments, typically associated with coastal, beach, and shallow marine settings, are characterized by intense reworking and sorting, which selectively remove less stable minerals. These processes are consistent with deposition under high-energy wave and current conditions along a passive continental margin, where recycled sediment from older sedimentary sources and fresh material from metamorphic terrains converge.

From a petroleum exploration perspective, these characteristics are highly favorable. The dominance of supermature quartz sands enhances reservoir quality, with increased porosity, permeability, and resistance to diagenetic cementation during burial. The high-energy depositional settings further promote the development of laterally extensive, well-connected sand bodies ideal for hydrocarbon reservoirs. Moreover, the presence of adjacent fine-grained sediments, typical of such coastal systems, offers significant potential for both effective sealing units and source rock development.

Overall, the integration of textural, compositional, and provenance interpretations suggests that the studied sediments represent excellent targets for petroleum exploration. The combination of high reservoir quality, favorable depositional architecture, and the geological context of a passive margin setting with mixed sediment supply underscores the likelihood of encountering productive hydrocarbon systems. Future exploration within similar geological frameworks should prioritize detailed sedimentological, stratigraphic, and basin analyses to optimize reservoir prediction and enhance hydrocarbon recovery.

5.2 CONTRIBUTION TO KNOWLEDGE 

This study adds to existing knowledge by showing how the combination of textural and compositional maturity in quartz-rich sands reflects both recycled and fresh sediment sources along a passive continental margin. The work highlights how well-rounded monocrystalline quartz and angular polycrystalline quartz can indicate mixed provenance from distant sedimentary sources and nearby metamorphic terrains.

The research also improves understanding of how high-energy coastal environments, such as beaches and shallow marine systems, produce supermature sands with excellent reservoir potential for hydrocarbons. Finally, by connecting sediment characteristics to reservoir quality, the study provides useful information for predicting good petroleum targets in similar geological settings.

5.3 RECOMMENDATIONS 

The following recommendations are proposed:

Further Provenance Studies:

Conduct detailed mineralogical and geochemical analyses, including heavy mineral studies and geochemical fingerprinting, to better constrain sediment sources and confirm the mixed provenance interpretation.

High-Resolution Depositional Environment Analysis:

Employ sedimentary facies analysis, core logging, and seismic stratigraphy to map the lateral and vertical distribution of reservoir-quality sands and associated seal units within the depositional system.

Reservoir Quality Assessment:

Perform porosity, permeability, and diagenetic studies on representative samples to quantify the impact of grain characteristics on reservoir quality, particularly in deeper burial settings.

Exploration Target Prioritization:

Focus hydrocarbon exploration in areas where high-energy coastal or shallow marine deposits coincide with proven seal and source rock intervals, maximizing the chances of discovering effective petroleum systems.
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Plate 4.2: Parallel Laminated Sandstone





Plate 4.4: Massive Reddish Brown Matrix Supported Conglomerate
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