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ABSTRACT
This study presents a granulometric and lithological characterization of sandstone samples collected from Gbugbu, Northern Bida Basin, Nigeria, to interpret their depositional environment, provenance, textural maturity, and implications for petroleum exploration. A total of five sandstone samples (GB1–GB5) were analyzed using graphical statistical parameters including mean grain size, standard deviation, skewness, and kurtosis. Results show that mean grain size varies from 0.90 mm (coarse sand) in GB3 to 3.62 mm (very fine sand) in GB5, with an average of 1.65 mm (medium sand) across all samples. Sorting ranges from very poorly sorted (GB1 and GB4; σ = 2.01) to well sorted (GB5; σ = 0.45), while skewness values vary from -0.46 (strongly coarse-skewed) to 0.17 (fine-skewed). Kurtosis values range between 0.62 and 1.09, mostly indicating a platykurtic distribution, suggesting a wide spread of grain sizes. The sedimentological interpretation suggests that GB1, GB3, and GB4 were deposited in proximal fluvial to alluvial fan environments, indicated by poor sorting, coarse skewness, and medium to coarse grain size. GB2 likely represents a deltaic or floodplain setting, while GB5, with its fine grain size and high sorting, is inferred to have been deposited in a beach or tidal flat environment, possibly under marine influence. Provenance analysis indicates that the sediments are primarily first-cycle detritus derived from basement complex rocks, with GB5 reflecting input from recycled older sediments. Textural maturity varies from immature (GB1, GB4) to supermature (GB5), indicating progressive sediment transport and reworking. From a petroleum perspective, GB5 exhibits excellent reservoir quality, owing to its fine grain size, high sorting, and mesokurtic distribution, making it a prime target for exploration. GB2 and GB3 present moderate reservoir potential, while GB1 and GB4 are likely to act as baffles or non-reservoir units. These findings provide critical insights for reservoir prediction and play mapping in the northern sector of the Bida Basin.

CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND TO THE STUDY
Sedimentary rocks provide essential insights into past depositional environments, tectonic history, and diagenetic processes. Among these, sandstone is particularly significant due to its widespread occurrence and economic importance, especially in petroleum and groundwater reservoirs. The study of sandstone in Gbugbu located in the northern sedimentary basin of north- central Nigeria, aims to understand its depositional environment, stratigraphic relationships, and sedimentological characteristics.

Sandstone are clastic sedimentary rocks composed mainly of sand_sized, mineral particles or rock fragments. They are typically formed through weathering, erosion, transportation, deposition, and lithification process.

The characteristics of sandstone, including grain size, sorting, and mineralogical composition, provide valuable clues about the environment in which they were deposited. Different depositional environments such as fluvial, deltaic, and shallow marine settings influence the textural and structural attributes of sandstone formation.

The northern basin of Nigeria is a critical geological province with diverse lithological compositions and structural settings. Sandstones in this region are indicative of various depositional environments ranging from fluvial to marine settings. The exposures along Gbugbu, Northern Beda basin, north central, Nigeria. provide an opportunity to investigate sedimentological attributes such as grain size, sorting, sedimentary structures, and mineralogical composition to reconstruct the paleoenvironmental conditions under which these sandstones were deposited.

1.2  STATEMENT OF THE PROBLEM
The sedimentary and depositional environment of sandstones exposed along the Gbugbu area, within the northern basin of north-central Nigeria, are not well understood (Adeyemi, 2012; Oyedele, 2015). Despite the significance of these sandstone in reconstructing the geological history of the region, there is a lack of comprehensive studies on their sedimentary and depositional environment (Ojo, 2017).

Previous studies have focused on the broader geological framework of the region (Kogbe, 1989; Obaje, 2009).This lack of understanding has implications for the accurate interpretation of the geological history of the region, as well as for the exploration and exploitation of economic deposits within the northern basin (Oyedele, 2015).
1.3 AIM AND OBJECTIVES
The primary aim of this study is to determine the sedimentary and depositional environment of the sandstone exposed along Gbugbu in the northern basin of north-central Nigeria.

The specific objectives are:
· To provide a detailed understanding of the sedimentary and depositional environments of sandstones exposed along the Share area.

· To characterize the textural properties of the sandstone, including grain size, sorting, and roundness through grain size analysis.

· To determine the provenance and textural maturity of these sandstones.

· To know their implications on petroleum exploration.
1.4 SIGNIFICANCE OF THE STUDY
This study will contribute to the geological knowledge of north-central Nigeria by providing detailed information on the depositional settings of the sandstone formations. The findings will be valuable in hydrocarbon exploration, groundwater assessment, and understanding sedimentary processes in the region. Additionally, the study will serve as a reference for further geological and geotechnical research.

1.5 SCOPE AND LIMITATIONS OF THE STUDY
The research will focus on sandstone outcrops in Gbugbu, Northern Bida Basin, north central, Nigeria, with emphasis on:

· Field mapping and sample collection. 

· Grain size analysis. 

· Identification of sedimentary structures.

· Interpretation of depositional environments based on sedimentological and grain size analysis data.
1.6 LOCATION AND ACCESSIBILITY OF THE STUDY AREA
The study area is located in Gbugbu, a small rural town in Edu Local Government Area of Kwara State, in North-Central Nigeria. Gbugbu lies in the northern part of the Bida Basin, a well-known sedimentary basin with large deposits of sandstone and other important geological features.
Gbugbu is positioned between latitudes 9°10′N and 9°14′N and longitudes 5°00′E and 5°05′E. The land is fairly flat, with elevations ranging from 120 to 170 meters above sea level, making it suitable for both farming and geological studies.
The landscape is mostly gently rolling with some flat plains and a few scattered hills (inselbergs). Small seasonal streams flow through the area, especially during the rainy season. These streams are part of the larger Niger River system and help move and deposit sediments in the region.
Gbugbu has a tropical savanna climate with two main seasons:
· Rainy season (April to October), with the heaviest rain in August. The total yearly rainfall is about 1,100 to 1,300 mm.

· Dry season (November to March), with dry winds known as Harmattan.
Temperatures are high throughout the year, ranging from 25°C to 35°C, and are hottest in March and April. This type of weather helps break down rocks and affects how sediments are formed and deposited.
Gbugbu is about 160 kilometers from Ilorin, the capital of Kwara State. The journey takes 3 to 4 hours by road. Although the area is rural, it is accessible year-round, but during the rainy season, the roads may become muddy and difficult to pass. Four-wheel-drive vehicles are recommended during that period.
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Figure 1.1: Map of the Study Area

CHAPTER TWO
LITERATURE REVIEW

2.1 REVIEW OF PREVIOUS STUDIES IN BIDA BASIN 

Sedimentary environments are critical to understanding the origin, texture, composition and digenetic history of sedimentary rocks such as sandstone. In North-Central Nigeria, Particularly along the Share axis, the study of sedimentary and depositional environments provides insights into the evolution of the Bida Basin and associated paleoenvironmental conditions. This chapter reviews existing literature on sedimentary processes, facies analysis, petrography, and depositional systems with a focus on the Bida Basin and comparable sandstone settings.

Investigated vertical profiles along Share–Shonga, identifying conglomerates, sandstones, and claystones. Conglomerates represent tidal channel lag; bioturbated and cross-bedded sandstones indicate high-energy tidal channels and shoreface. Unidirectional cross-bedded subfacies reflect braided fluvial channels and floodplains. Interpreted transgressive shallow marine deposition with incised fluvial channels (Ojo & Akande, 2009).
Echoes the above findings: mix of fluvial and marine processes shaping the Cretaceous Lokoja–Enagi sequence; vertical facies stacking illustrates interplay of tidal, shoreface, and fluvial systems (Ojo & Akande, 2011). 
Outcrops of mid‑Maastrichtian Ajali Sandstone show fine‑to‑coarse, poorly sorted quartz arenites with burrowed cross‑bedding and Ophiomorpha–Palaeophycus ichnofacies. Bimodal paleocurrents (SSW– NNE, E–W) suggest fluvio‑deltaic deposition with mixed provenance. (Adiela et al., 2018)

Aleve etc al. (2023) analyzed nine lithofacies and palynomorph assemblages; deposition interpreted as shallow marine subtidal channels and sandflats. Palynological markers show marginal marine system influenced by tides during regressive phases. 

Ladipo (1986) proposed a tidal shelf depositional model emphasizing tidal cycles and shelf processes in shaping the Ajali Sandstone. 

Usman etc al. (2021) identified conglomerates, mature sandstones, siltstones, and claystones. Similar facies to Enagi: tidal channels, shoreface sands, braided fluvial floodplain deposits. Environment shows transgressive shallow marine with fluvial incision. 

Heliyon (2021) combined sedimentologic and geochemical data in northern Bida Basin. Lithofacies and petrography indicate fluvial to shallow marine settings; geochemistry suggests mature compositions with aquifer potential. Geochemical signatures reveal passive-margin provenance with high SiO₂ and K₂O/Na₂O >1. Tectonic setting typical of continental platform deposition in a passive margin.
Oyanyan and Ologun (2023)sytudied lithofacies in Campanian sediments showing estuarine sub-environments (bayhead delta, tidal inlet, shoreface). Grain-size trends indicate mixed fluvial–marine contributions; shoreface and tidal inlet units offer high reservoir quality. 

Ogunjobi et al (2022) characterized sandy shale‑limestone facies with ichnofossils and microgastropods. Deposited in lagoonal to inner neritic setting, indicating shallow marine conditions. 

Ojo & Akande (2009) investigared vertical profiles along Share-Shonga, identifying conglomerates, sandstones and claystones. Conglomerates represent tidalchannel lag; bioturbated and cross-edded sandstones indeicate high-energy tidal channels and shoreface. Unidirectional cross-bedded subfacies reflect braided fluvial channels and floodplains. Interpreted transgressed shallow marine deposition with incised fluvial channels. 

2.2 GEOLOGICAL SETTINGS OF BIDA BASIN
The Bida Basin, also known as the Middle Niger or Nupe Basin, is a significant inland sedimentary basin located in central Nigeria.  It trends northwest-southeast (NW-SE), extending approximately 350 km in length and varying between 75 to 150 km in width . The basin is bounded by the Sokoto Basin to the north, the Anambra Basin to the southeast, and the Basement Complex to the west and northeast.

The Bida Basin is an intracratonic rift basin that developed during the Late Cretaceous period, specifically in the Campanian to Maastrichtian ages. Its formation is attributed to tectonic activities associated with the opening of the South Atlantic Ocean, leading to the fragmentation and subsidence of the underlying basement rocks . The basin's sedimentary fill comprises a sequence of fluvial and deltaic deposits, reflecting a predominantly continental depositional environment.
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Figure 2.2A: Geological Map of Nigeria Showing the Bida Basin
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Figure 2.2B: Map of Bida 
2.3 REGIONAL STRATIGRAPHIC SETTINGS OF BIDA BASIN
The Bida Basin in central Nigeria is a significant inland sedimentary basin, trending NW-SE and extending approximately 350 km in length and 75–150 km in width. It is generally divided into two sub-basins: the Northern and Southern Bida Basins. The stratigraphy of the basin comprises Late Cretaceous continental deposits, with some marginal marine and floodplain sediments.
Stratigraphic Framework of the Bida Basin Northern Bida Basin

The Northern Bida Basin consists of four primary lithostratigraphic units:
· Bida Sandstone: This basal unit is subdivided into the Doko and Jima Members. The Doko Member comprises coarse-grained, arkosic to feldspathic sandstones with sandy siltstones and intraformational breccias, indicative of deposition in a braided alluvial fan setting. The Jima Member consists of cross-bedded quartzose sandstones, siltstones, claystones, and breccias, suggesting a more distal depositional environment with possible shallow marine influences.

· Sakpe Ironstone: Overlying the Bida Sandstone, this formation comprises oolitic and pisolitic ironstones with sandy claystones at the base. The ironstones exhibit rapid facies changes across the basin and are indicative of shallow marine to marginal marine depositional environments.

· Enagi Siltstone: This unit consists mainly of siltstones and claystones, with occasional sandstones. The sedimentary structures and fossil content suggest deposition in a floodplain or deltaic environment.

· Batati Formation: The uppermost unit in the Northern Bida Basin, comprising claystones, siltstones, and ironstones, indicative of a continuation of floodplain or deltaic depositional settings.
The Southern Bida Basin features three main formations:
· Lokoja Formation: This basal unit unconformably overlies the Precambrian basement and consists of poorly sorted, conglomeratic sandstones with minor claystones and siltstones. The sediments are indicative of deposition in an alluvial fan to braided river system.

· Patti Formation: Overlying the Lokoja Formation, this unit comprises alternating shales, siltstones, claystones, and sandstones. The depositional environment is interpreted as floodplain to deltaic settings. The name "Ahoko Formation" has been proposed to replace "Patti Formation" due to the absence of the defining lithologies at Mount Patti.

· Agbaja Formation: The uppermost unit, consisting of claystones, concretionary siltstones, and ironstones. The formation is indicative of a marginal marine to floodplain depositional environment.
The formations in the Northern and Southern Bida Basins exhibit lateral equivalence: Bida Sandstone (North) ↔ Lokoja Formation (South)

Sakpe Ironstone (North) ↔ Agbaja Formation (South) Enagi Siltstone (North) ↔ Ahoko Formation (South)

Batati Formation (North) ↔ Not distinctly represented in the South
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Figure 2.3: Stratigraphic Correlation of the Bida Basin and Anambra Basin 
2.4 OVERVIEW OF SEDIMENTARY ROCKS AND CLASSIFICATIONS
Sedimentary rocks are one of the three main rock types, alongside igneous and metamorphic rocks. They form from the accumulation and lithification (hardening) of sediments, which are fragments of other rocks, minerals, or biological material. These sediments are typically deposited in layers by water, wind, or ice.

Key Processes in Sedimentary Rock Formation:
· Weathering and Erosion – Breakdown of existing rocks into smaller particles.
· Transportation – Movement of sediments by water, wind, or glaciers.
· Deposition – Settling of sediments in a basin or low-lying area.
· Lithification – Compaction and cementation of sediments into solid rock.
2.4.1 CLASSIFICATION OF SEDIMENTARY ROCKS
Sedimentary rocks are broadly classified into three main types based on their origin:
· Clastic (Detrital) Sedimentary Rocks
Formed from mechanical weathering debris.
Composed of rock fragments, mineral grains, and clay minerals. Classified based on grain size:

Conglomerate (rounded clasts) / Breccia (angular clasts) – coarse-grained Sandstone – medium-grained

Siltstone and Shale – fine-grained Example: Sandstone, Shale

· Chemical Sedimentary Rocks
Formed by the precipitation of minerals from solution. Often found in evaporite environments.

Example: Limestone (from calcite), Rock salt (from halite), Gypsum
· Organic (Biochemical) Sedimentary Rocks Formed from the accumulation of biological material. Include remains of plants or animals.

Example: Coal (from plant debris), Coquina and Chalk (from shell fragments and microfossils)
2.4.2 IMPORTANCE OF SEDIMENTARY ROCKS
Preserve fossils and record Earth's history.
Serve as reservoirs for groundwater, oil, and natural gas. Used as construction materials (e.g., limestone, sandstone).

2.5 SEDIMENTARY ROCK TEXTURE
Sedimentary rock textures refer to the physical characteristics of the rock that give clues about its origin, transport history, and depositional environment. Here are the main types of sedimentary rock textures:

· Clastic Texture
Description: Made up of broken fragments (clasts) of pre-existing rocks. Common Rocks: Sandstone, conglomerate, shale.

Key Features:
i. Grain size: Ranges from clay (<0.004 mm) to boulders (>256 mm).
ii. Sorting: Degree to which grain sizes are similar (well-sorted vs poorly sorted). 

iii. Roundness: Shape of grains (angular to rounded).

iv. Matrix vs. Cement: Finer material between grains (matrix), and minerals binding them (cement).
· Crystalline Texture
Description: Interlocking crystals formed from precipitation of minerals from solution. Common Rocks: Limestone (some types), evaporites (rock salt, gypsum).

Key Features: Uniform crystal size may indicate slow chemical precipitation; larger, interlocking crystals suggest recrystallization.

· Bioclastic Texture
Description: Composed mainly of shell fragments or fossil remains. Common Rocks: Coquina, fossiliferous limestone.

Key Features: Shells may be broken or whole; texture gives clues to water energy and biological activity.

· Oolitic Texture
Description: Made up of small, spherical grains (ooids), typically limestone. Formation: Precipitated around a nucleus in warm, shallow marine waters.

Common Rocks: Oolitic limestone.
· Micritic Texture
Description: Very fine-grained carbonate mud (micrite). Common Rocks: Micritic limestone.

Environment: Low-energy marine settings like lagoons.
2.6 DEPOSITION AND DEPOSITIONAL ENVIRONMENT OF SEDIMENTARY ROCKS
Deposition is the geological process by which sediments, soil, and rocks are added to a landform or landmass. This occurs after weathering, erosion, and transportation, when the transporting agent (water, wind, ice, or gravity) loses energy and drops the sediments it is carrying.
Depositional environments are the specific settings in which sediment accumulates, each with unique physical, chemical, and biological conditions. These can be broadly classified into:

· Continental Environments
Fluvial (River): Sediments deposited by rivers. Characterized by channel deposits, point bars, and floodplains.

Alluvial Fan: Found at the base of mountain fronts, where high-energy water flow drops coarse sediments.

Aeolian (Desert/Wind): Wind-blown sands forming dunes and loess deposits. Glacial: Deposits from melting glaciers, including till and outwash.

· Transitional Environments
Deltaic: Sediments deposited where a river meets a standing body of water like a sea or lake. Estuarine: Tidal environments where freshwater mixes with seawater.

Lagoonal: Shallow water bodies separated from the ocean by a barrier (sandbar or reef).
· Marine Environments
     Shallow Marine (Neritic zone): Close to shore, includes reef and shelf deposits.
   Deep Marine (Abyssal plain): Fine sediments like clays and oozes, deposited far from land. Diagram: Depositional Environments of Sedimentary Rocks

Here’s a simplified diagram of different depositional environments:
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Figure 2.6: Deposition and Depositional Environment
Common Sedimentary Rocks by Environment Environment Typical Sedimentary Rock Types River (Fluvial)Conglomerate, sandstone

Desert (Aeolian) Well-sorted sandstone Marine Shelf Limestone, shale, sandstone Deep Marine Chalk, chert, shale

Glacial Tillite, diamictite
2.7 SEDIMENTARY STRUCTURES
Sedimentary structures are features formed during or shortly after the deposition of sediments, and they give clues about the depositional environment and processes.

Here are the main types:
· Primary Sedimentary Structures
Formed during deposition:
Bedding/Stratification: Layers of sediment with different grain sizes or compositions.
Cross-bedding: Inclined layers within a bed, formed by wind or water currents (common in dunes and rivers).

Graded bedding: Layers that show a gradual change in grain size from bottom (coarse) to top (fine), usually from turbidity currents.

Ripple marks:
Symmetrical ripples: Formed by wave action (bidirectional). Asymmetrical ripples: Formed by current (unidirectional).

Mud cracks: Formed from drying and contraction in fine-grained sediments like clay. Flute casts: Erosional features formed by currents, found on the base of beds.

· Secondary Sedimentary Structures
Formed after deposition:
Bioturbation structures: Disturbance of sediments by organisms (burrows, tracks). Concretions: Localized mineral accumulations.

Load structures: Deformation due to denser sediments sinking into less dense material.
Compaction and dewatering structures: Features like dish structures formed as water escapes from compacting sediment.

2.5 STUDY OF SEDIMENTARY ROCKS
The study of sedimentary rocks is a key part of geology known as sedimentology. Sedimentary rocks provide important information about Earth’s history, past climates, environments, and even biological evolution. This study comprises both fieldwork and laboratory analysis.
2.8.1 FIELDWORK 
Field studies begin with geological mapping and logging of sedimentary sequences. Important features observed include:
· Lithology (rock types)

· Sedimentary structures (e.g. bedding, cross-bedding, ripple marks)

· Grain size and sorting

· Fossil content
These observations help in interpreting depositional environments and stratigraphic relationships.
2.8.2 
LABORATORY STUDIES 
Studying sedimentary rocks in the laboratory involves analyzing physical, chemical, mineralogical, and sometimes biological properties to better understand their origin, composition, and depositional history. These methods complement field observations and are essential for accurate interpretation. They are:
· Petrographic Analysis (Thin Section Microscopy)

Method: A thin slice of rock (about 30 microns thick) is prepared and examined under a polarizing microscope.

Purpose:

Identify mineral composition

Observe grain shape, texture, cement type, and porosity

Classify rock types (e.g., quartz arenite, arkose)

Importance: Reveals diagenetic features (e.g., compaction, cementation) and sedimentary textures not visible in hand samples.

· Grain Size Analysis

Method:

Sieve analysis for sand-sized particles

Hydrometer or laser particle size analyzer for silt and clay

Purpose:

Determine grain size distribution

Calculate parameters like sorting, skewness, and kurtosis

Importance: Indicates energy conditions and transport mechanism in the depositional environment.

· X-ray Diffraction (XRD)

Method: Exposes powdered rock samples to X-rays to detect mineral structures.

Purpose:

Identify crystalline minerals, especially clays and carbonates

Detect diagenetic alterations

Importance: Useful for analyzing fine-grained rocks like shales or mudstones.

· X-ray Fluorescence (XRF)

Method: Bombards samples with X-rays to detect **elemental

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 Gbugbu, 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: GB1, GB2, GB3, GB4 and GB5 respectively. The samples were then taken to the laboratory for further analysis.

3.3 LABORATORY ANALYSIS
The grain size analysis was aimed at determining grain size distribution of the sediments. The experiment was performed in the Sedimentological Laboratory, Geology Department, Kwara State University, Malete.

3.3.1 SIGNIFICANCE
Particle size is an important textural parameter of clastic rocks because it supplies information on the conditions of transportation, sorting, and deposition of the sediment and provides some clues to the history of events that occurred at the depositional site prior to final induration. It can also be used to determine the paleocurrent, textural maturity and the energy of deposition.
3.3.2 PRINCIPLE/THEORY
The size of particulate materials that make up sediments and sedimentary rocks are measured by weighing the proportions that accumulate in a series of wire mesh screen sieves, by visually counting grains with a petrographic microscope, or by determining the rate at which particles of varying diameter accumulate in a water-filled glass cylinder (known as a settling tube).

The millimetre and phi unit grade scales are the standard ones used for sediments and sedimentary rocks. In the millimetre scale, each size grade differs from its predecessor by the constant ratio of 1:2; each size class has a specific class name used to refer to the particles included within it. Grain-size diameters in millimetres are converted to phi units using the conversion formula:

phi (ϕ) = - log2D, where ϕ is size expressed in phi units and D is the grain size in millimetres.
Phi values for grains coarser than one millimetre are negative, while those for grains finer than one millimetre are positive.

3.3.3 APPARATUS USED
Set of sieves Electrical sieve shaker

Tripod weighing balance Drying oven

Cleaning brush
Spatula
3.3.4 PROCEDURE:
The samples were air-dried to remove any moisture present in them. Further, the lumpy portions were disintegrated with fingers. The disaggregated samples were thoroughly mixed and a representative fraction of the sample was obtained by quartering.

100 grams of each samples was carefully weighed on a tripod weighing balance and then poured into a set of British Standard sieve arranged in descending order of mesh diameter from top to bottom with receiving pan at the base. The sieve was arranged in the order of decreasing diameter in mm i.e. 4.00, 2.36, 1.70, 1.60, 1.00, 0.50, 0.35, 0.25, 0.112, , 0.090, 0.063 and <0.063 mm. The sieve was covered and the set of sieve was shaken thoroughly with the aid of an automated electronic sieve-shaker for five minutes. At the end of each shaking, materials retained in each sieve were removed carefully not to spill away, poured on a clean sheet of paper and reweighed.

Recording of weight of each retained fractions was made against each sieve size and later converted to percentage weight and cumulative weight percent respectively. A graph of cumulative weight retained percent is then plotted against sieve diameter in phi unit on the probability graph papers.

phi (ϕ) 
= - log2D   = - ( log10D)
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Where ϕ is size expressed in phi units and D is the grain size in millimeters
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% retained = weight retained by seive × 100
total weight of sample
Cumulative weight passed % = 100% - Cumulative weight retained %
From the cumulative curve, the phi values of the needed percentile such as ϕ5, ϕ16, ϕ25, ϕ50, ϕ75, ϕ84, and ϕ95 were deduced and used in calculating the graphic mean, graphic standard deviation, skewness and kurtosis. These parameters will be used to reconstruct paleoenvironment of deposition.
CHAPTER FOUR
RESULTS AND DISCUSSIONS
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LITHIOLOGICAL DISCRIPTION AND DEPOSITIONAL ENVIRONMENT

       Figure 4.1: Lithological Section of Bida Sandstone Formation exposed at Gbugbu

The lithological section exposed at Gbugbu (Latitude 8°47′05.3″N; Longitude 5°18′00.0″E; Elevation: 240 m) reveals a vertical succession of sandstone units, which provide insights into the depositional history and paleoenvironmental conditions of the northern Bida Basin.

Interval 0.0 – 0.6 m (GB1)

This interval comprises a massive, lithified, medium-grained, milkish-reddish sandstone. The moderate grain size and compact nature suggest deposition under relatively high-energy conditions, most likely in a fluvial channel environment. The reddish hue indicates oxidation, which is commonly associated with subaerial exposure and continental settings.

Interval 0.6 – 1.5 m (GB2)

This layer is characterized by a massive, pebbly, milkish-pinkish sandstone. The presence of pebbles reflects increased energy conditions, likely resulting from deposition within a proximal alluvial fan or an active river channel capable of transporting coarser clasts.

Interval 1.5 – 2.4 m (GB3)

This unit consists of a massive, medium to coarse-grained sandstone that is milkish-reddish in color and exhibits bioturbation. The combination of coarse grains and bioturbation indicates a moderately energetic, subaqueous environment that supported benthic life, such as an estuarine or lower delta plain setting.

Interval 2.4 – 4.0 m (GB4)

This horizon features a massive, pebbly sandstone with notable bioturbation. The alternating high-energy (pebbles) and low-energy (bioturbation) signatures imply fluctuating depositional conditions, likely in a tidal channel or distributary mouth bar environment where marine and fluvial influences interacted.

Interval 4.0 – 4.6 m (GB5)

This interval comprises a massive, fine to medium-grained, brownish-pinkish sandstone. The finer grain size and massive nature suggest deposition in a lower-energy fluvial environment, such as a floodplain or levee setting, associated with overbank flow from a nearby channel.

Above 4.6 m: Topsoil

The uppermost layer is composed of unconsolidated topsoil, representing recent weathering and soil-forming processes typical of present-day surface conditions.

 Table 4.1: Summary Table of Gbugbu Lithologic Log Interpretation

	Interval (m)
	Sample No
	Lithology Description
	Depositional Environment
	Reference

	0.0 – 0.6

	GB1
	Lithified, medium-grained, 

reddish sandstone
	Fluvial channel
	Miall (2006)

	0.6 – 1.5

	GB2
	Pebbly, pinkish sandstone
	Proximal fluvial or alluvial fan
	Allen (1984), Nichols (2009)

	1.5 – 2.4

	GB3
	Bioturbated, coarse sandstone
	Estuarine or delta plain
	Reineck & Singh (1980)

	2.4 – 4.0

	GB4
	Pebbly, bioturbated sandstone
	Tidal channel or mouth bar
	Dalrymple et al. (1992)

	4.0 – 4.6

	GB5
	Fine-medium, brownish pink sandstone
	Fluvial levee/floodplain
	Nichols (2009)

	>4.6
	-
	Topsoil


	Recent/pedogenic

	Tucker (2003)


The Gbugbu section represents a transition from high-energy fluvial systems (braided rivers, channel bars) to lower-energy deltaic and marginal marine settings (mouth bars, levees). Bioturbation in several units suggests prolonged subaqueous exposure, while the reddish- pinkish hues indicate periods of oxidation likely tied to subaerial exposure or climatic influences.
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Plate 4.1A: Massive Milkish-Redish Pebbly Sandstone
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Plate 4.1B: Parallel Laminated Sandstone
Plate 4.1C: Massive Redish Lithified Conglomeratic Sandstone
Plate 4.1D: Massive Reddish Brown Matrix Supported Conglomerate
4.2 CALCULATION OF STATISTICAL PARAMETERS
The following statistical parameters were calculated in order to reconstruct the paleoenvironment of deposition. These includes graphic mean, standard deviation, skewness and kurtosis.

Table 4.2A: Results of Grain Size Analysis for Sample GB1
	S/NO
	SIEVE SIZE, d
(mm)
	ɸ = - log2d
	Weight retained (g)
	% Individual weight retained
	% Cumulative weight retained

	1
	4.00
	- 2
	36
	36.14
	36.14

	2
	2.36
	- 1.24
	5.8
	5.82
	41.96

	3
	1.70
	- 0.77
	5.6
	5.62
	47.58

	4
	1.60
	- 0.68
	6.2
	6.23
	53.81

	5
	1.00
	0
	4.8
	4.82
	58.63

	6
	0.50
	1.00
	7.8
	7.83
	66.46

	7
	0.35
	1.51
	6.4
	6.43
	72.89

	8
	0.25
	2.0
	18.8
	18.87
	91.76

	9
	0.112
	3.2
	3.4
	3.41
	95.17

	10
	0.09
	3.5
	3.8
	3.82
	98.99

	11
	0.063
	3.99
	0.8
	0.80
	99.79

	12
	<0.063
	>3.99
	0.2
	0.20
	99.99% ≈100%

	Total
	
	
	99.6
	100
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Figure 4.2A: Graph of Phi against % Cumulative Weight for GB1
ɸ5 = ‐1.9, ɸ16 = 1.3, ɸ25 = - 0.9, ɸ50 = 1.5, ɸ75 = 2.5, ɸ84 = 3.2, ɸ95 =3.9
Graphic mean = ϕ16 + ϕ50 + ϕ84 
= - 1.3 + 1.5 + 3.2 = 1.13(medium sand)
        


  3


     3
Inclusive graphic standard deviation = ɸ84 - ɸ16    +   ɸ95 - ɸ5      



      



4
      6.6






= 3.2– 1.3+ 3.9 – (- 1.9) = 2.01(very poorly sorted)





4
   6.6
Inclusive graphic skewness = (ɸ84 + ɸ16 - 2ɸ50)    +   (ɸ95 + ɸ5 - 2ɸ50)



      
     
       2(ɸ84 - ɸ16)                  2(ɸ95 - ɸ5)




= [(3.2 + 1.3 – 2(1.5)] + [(3.9 + (- 1.9) – 2(1.5)]




     2(3.2 – 1.3)
          2(3.9 – (- 1.9)) 
= –0.17 (coarse skewed)
Graphic kurtosis =     (ɸ95 - ɸ5)      =   (3.9 – (- 1.9))     = 0.70(platykurtic)


       2.44(ɸ75 - ɸ25)
2.44(2.5 – (- 0.9) 
Table 4.2B: Results of Grain Size Analysis for Sample GB2
	S/NO
	SIEVE SIZE, d
(mm)
	ɸ = - log2d
	Weight retained (g)
	% Individual weight retained
	% Cumulative weight retained

	1
	4.00
	- 2
	45.1
	45.15%
	45.15%

	2
	2.36
	- 1.24
	12.1
	12.11%
	57.26%

	3
	1.70
	- 0.77
	3.2
	3.20%
	60.46%

	4
	1.60
	- 0.68
	3.0
	3.00%
	63.46%

	5
	1.00
	0
	3.9
	3.91%
	67.37%

	6
	0.50
	1.00
	4.9
	4.91%
	72.28%

	7
	0.35
	1.51
	4.6
	4.61%
	76.89%

	8
	0.25
	2.0
	10.9
	10.91%
	87.80%

	9
	0.112
	3.2
	4.2
	4.20%
	92.00%

	10
	0.09
	3.5
	7.5
	7.51%
	99.51%

	11
	0.063
	3.99
	0.4
	0.40%
	99.91%

	12
	<0.063
	>3.99
	0.1
	0.10%
	100.00%

	Total
	
	
	99.9
	100.00%
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Figure 4.2B: Graph of Phi against % Cumulative Weight for GB 2
ϕ5 ≈ -1.8, ϕ16 ≈ -1, ϕ25 ≈ -0.4, ϕ50 ≈ 1.2, ϕ75 ≈ 2.5, ϕ84 ≈ 3, ϕ95 ≈ 3.8

Graphic mean = ϕ16 + ϕ50 + ϕ84 
= -1 + 1.2 + 3 = 1.07(medium sand)
        


  3


     3
Inclusive graphic standard deviation = ɸ84 - ɸ16    +   ɸ95 - ɸ5      



      



4
      6.6





= 3 – (–1) + 3.8 – 1.8.   = 1.85 ( poorly sorted)





4
   6.6
Inclusive graphic skewness = (ɸ84 + ɸ16 - 2ɸ50)    +   (ɸ95 + ɸ5 - 2ɸ50)



      
     
       2(ɸ84 - ɸ16)                  2(ɸ95 - ɸ5)




= [(3 +  (–1) – 2(1.2)] + [(3.8 + (- 1.8) – 2(1.2)]




     2(3 – (–1)
                    2(3.8 – (- 1.8)) 
= 0.039 (strongly fine  skewed)
Graphic kurtosis =     (ɸ95 - ɸ5)      =   (3 .8 – (- 1.8))     = 0.79 (platykurtic)


        2.44(ɸ75 - ɸ25)
2.44(2.5 – (- 0.4) 
Table 4.2C: Results of Grain Size Analysis for Sample GB3
	S/NO
	SIEVE SIZE, d
(mm)
	ɸ = - log2d
	Weight retained (g)
	% Individual weight retained
	% Cumulative weight retained

	1
	4.00
	- 2
	2.5
	2.51%
	2.51%

	2
	2.36
	- 1.24
	5.6
	5.61%
	8.12%

	3
	1.70
	- 0.77
	8.2
	8.22%
	16.34%

	4
	1.60
	- 0.68
	10.5
	10.52%
	25.86%

	5
	1.00
	0
	38.2
	38.28%
	65.14%

	6
	0.50
	1.00
	10.1
	10.12%
	75.26%

	7
	0.35
	1.51
	5.0
	5.01%
	80.27%

	8
	0.25
	2.0
	10.0
	10.02%
	90.29%

	9
	0.112
	3.2
	5.5
	5.51%
	95.80%

	10
	0.09
	3.5
	3.5
	3.51%
	99.31%

	11
	0.063
	3.99
	0.3
	0.30%
	99.61%

	12
	<0.063
	>3.99
	0.5
	0.50%
	100.11%

	Total
	
	
	99.8
	100.00%
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Figure 4.2C: Graph of Phi against % Cumulative Weight for GB 3
ϕ₅≈ -1.6, ϕ₁₆≈ -0.9, ϕ₂₅≈ -0.3, ϕ₅₀≈ 1.0, ϕ₇₅≈ 2.0, ϕ₈₄≈ 2.6,ϕ₉₅
≈ 3.3

Graphic mean = ϕ16 + ϕ50 + ϕ84 
= - 0.9 + 1.0 + 2.6 = 0.90(coarse sand)
        


  3


     3
Inclusive graphic standard deviation = ɸ84 - ɸ16    +   ɸ95 - ɸ5      



      



4
      6.6





= 2.6 – (–0.9) + 3.3 – (-1.6)   = 1.62 (poorly sorted)





4
          6.6
Inclusive graphic skewness = (ɸ84 + ɸ16 - 2ɸ50)    +   (ɸ95 + ɸ5 - 2ɸ50)



      
     
       2(ɸ84 - ɸ16)                  2(ɸ95 - ɸ5)




= [2.6 +  (–0.9) – 2(1.0)] + [(3.3 + (- 1.6) – 2(1.0)]




     2(2.6 – (–0.9)                         2(3.3 – (–1.6]
= 0.17(fine skewed)
Graphic kurtosis =     (ɸ95 - ɸ5)      =   (3 .3 –(–1.6)     = 0.87( platykurtic)


        2.44(ɸ75 - ɸ25)
2.44(2.0 – (- 0.3) 
Table 4.2D: Results of Grain Size Analysis for Sample GB4
	S/NO
	SIEVE SIZE, d
(mm)
	ɸ = - log2d
	Weight retained (g)
	% Individual weight retained
	% Cumulative weight retained

	1
	4.00
	- 2
	0.0
	0.00%
	0.00%

	2
	2.36
	- 1.24
	0.0
	0.00%
	0.00%

	3
	1.70
	- 0.77
	0.3
	0.30%
	0.30%

	4
	1.60
	- 0.68
	0.8
	0.80%
	1.10%

	5
	1.00
	0
	1.3
	1.30%
	2.40%

	6
	0.50
	1.00
	2.1
	2.10%
	4.50%

	7
	0.35
	1.51
	5.1
	5.11%
	9.61%

	8
	0.25
	2.0
	13.6
	13.63%
	23.24%

	9
	0.112
	3.2
	15.5
	15.52%
	38.76%

	10
	0.09
	3.5
	56.3
	56.38%
	95.14%

	11
	0.063
	3.99
	4.1
	4.11%
	99.25%

	12
	<0.063
	>3.99
	0.7
	0.70%
	99.95 ≈100%

	Total
	
	
	99.8
	100%
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Figure 4.2D: Graph of Phi against % Cumulative Weight for GB 4
Φ₅ ≈ -1.8, Φ₁₆ ≈ -1.0, Φ₂₅ ≈ -0.6, Φ₅₀ ≈ 2.0, Φ₇₅ ≈ 3.2, Φ₈₄ ≈ 3.6, Φ₉₅ ≈ 3.9

Graphic mean = ϕ16 + ϕ50 + ϕ84 
= - 1.0 + 2.0 + 3.6 = 1.53(medium sand)
        

  3


     3
Inclusive graphic standard deviation = ɸ84 - ɸ16    +   ɸ95 - ɸ5    


      



4
      6.6





= 3.6 – (–1.0)   +     3.9 –(–1.8)     =  2.01 ( very poorly sorted)





4
                6.6
Inclusive graphic skewness = (ɸ84 + ɸ16 - 2ɸ50)    +   (ɸ95 + ɸ5 - 2ɸ50)



      
     
       2(ɸ84 - ɸ16)                  2(ɸ95 - ɸ5)




= [3.6 + (–1.0)–2(2.0)] + [(3.9 + (- 1.8) – 2(2.0)]




     2(3.6 – (–1.0)]                     2(3.9 – (–1.8)]
= –0.014 ( coarse skewed)
Graphic kurtosis =     (ɸ95 - ɸ5)      =   (3 .9 –(–1.8)     = 0.62 (platykurtic)


        2.44(ɸ75 - ɸ25)
2.44(3.2 – (- 0.6) 
Table 4.2E: Results of Grain Size Analysis for Sample GB5
	S/NO
	SIEVE SIZE, d
(mm)
	ɸ = - log2d
	Weight retained (g)
	% Individual weight retained
	% Cumulative weight retained

	1
	4.00
	- 2
	0.0
	0.00%
	0.00%

	2
	2.36
	- 1.24
	0.0
	0.00%
	0.00%

	3
	1.70
	- 0.77
	0.2
	0.20%
	0.20%

	4
	1.60
	- 0.68
	0.3
	0.30%
	0.50%

	5
	1.00
	0
	0.1
	0.10%
	0.60%

	6
	0.50
	1.00
	0.9
	0.90%
	1.50%

	7
	0.35
	1.51
	1.3
	1.30%
	2.80%

	8
	0.25
	2.0
	7.0
	7.01%
	9.81%

	9
	0.112
	3.2
	26.7
	26.73%
	36.54%

	10
	0.09
	3.5
	62.8
	62.86%
	99.40%

	11
	0.063
	3.99
	0.5
	0.50%
	99.90%

	12
	<0.063
	>3.99
	0.1
	0.10%
	100.00%

	Total
	
	
	99.9
	100%
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Figure 4.2E: Graph of Phi against % Cumulative Weight for GB 5
ϕ16 ≈ 3.15, ϕ50 ≈ 3.7, ϕ84 ≈ 4.0, ϕ5  ≈ 2.4, ϕ95 ≈ 4.0, ϕ25  ≈ 3.3, ϕ75 ≈ 3.9

Graphic mean = ϕ16 + ϕ50 + ϕ84 
= 3.15 + 3.7 + 4.0 = 3.62 (very fine Sand)
        

  3

           3
Inclusive graphic standard deviation = ɸ84 - ɸ16    +   ɸ95 - ɸ5    


      


                                                     
4
        6.6





= 4.0 –  3.15.    +     4.0 – 2.4     =  0.45 (well sorted)





4
                6.6
Inclusive graphic skewness = (ɸ84 + ɸ16 - 2ɸ50)    +   (ɸ95 + ɸ5 - 2ɸ50)



      
     
       2(ɸ84 - ɸ16)                  2(ɸ95 - ɸ5)




= [4.0+3.15–2(3.7)] +      [4.0+2.4–2(3.7)]




     2(4.0 – 3.15]                  2(4.0 – 2.4)
= –0.46(strongly coarse skewed)
Graphic kurtosis =     (ɸ95 - ɸ5)      =   4.0–2.4.           = 1.09 (mesokurtic)


        2.44(ɸ75 - ɸ25)
2.44(3.9 – 3.3) 
TABLE 4.2F: Summary of Values of Statistical Parameters and Interpretation
	Sample Number
	Statistical Parameters and Interpretation

	
	Mean
	Standard Deviation
	Skewness
	Kurtosis

	     GB1
	1.13
(Medium sand)
	2.01
(Very poorly sorted)
	- 0.17
( coarse skewed)
	0.70
(Platykurtic)

	    GB2
	1.07
(Medium sand)
	1.88
( Poorly sorted)
	0.039
(Strongly fine skewed)
	0.79
(Platykurtic)

	   GB 3
	0.90
(Coarse sand)
	1.62
(Poorly sorted)
	0.17
( Fine skewed)
	0.87
(platykurtic)

	   GB 4
	1.53
(Medium sand)
	2.01
(Very Poorly sorted)
	- 0.014
(Coarse skewed)
	0.62
(Platykurtic)

	    GB 5
	3.62
   (Very fine sand)
	         0.45
  (Well sorted)
	–0.46
(Strongly coarse skewed)
	1.09
(Mesokurtic)

	AVERAGE 
	1.65
(Medium sand)
	1.59
(Poorly sorted)
	–0.087
(Strongly coarse skewed)
	0.81
   (Platykurtic)


4.2.1
DEPOSITIONAL ENVIRONMENT

The sedimentological parameters — including grain size, sorting, and skewness — suggest that the sandstones were deposited in a range of high- to low-energy environments, consistent with a fluvio-deltaic to shallow marine system.

Samples GB1 and GB4 exhibit very poor sorting and negative skewness, typical of proximal fluvial channels or alluvial fan deposits, where sediments are rapidly deposited due to a sudden decrease in energy (Boggs, 2011; Folk, 1974).

GB2 and GB3, with their moderate sorting and near-symmetrical skewness, suggest deposition in deltaic or floodplain settings, where sediment is transported by both traction and suspension under moderate energy.

In contrast, GB5 shows excellent sorting and very fine grain size, indicative of a low-energy beach, tidal flat, or shallow marine environment, where prolonged reworking by waves or tides enhances sediment uniformity (Dalrymple, 1992).

Overall, the data reflect a transition from proximal, high-energy fluvial environments to distal, low-energy coastal settings.

4.2.2
PROVENANCE INTERPRETATION 

The nature of grain size, sorting, and skewness provides insight into the origin of the sediments:

The coarse to medium grain sizes and poor sorting in GB1 to GB4 point to sediments derived from nearby igneous and metamorphic rocks, especially granites and gneisses of the surrounding basement complex. This indicates first-cycle sediments with minimal transport and limited reworking (Folk, 1974; Ladipo, 1986).

The well-sorted, very fine sand in GB5 suggests a recycled sedimentary origin, likely from older sandstones that have been subjected to extensive transport and reworking.

These findings imply that the sediment source areas were largely the surrounding basement rocks, with some input from reworked older formations in more distal depositional settings (Ojo & Akande, 2011).

4.2.3
TEXTURAL MATURITY INTERPRETATION 
Textural maturity reflects the extent of sediment transport, abrasion, and sorting:

GB1 and GB4 are texturally immature, with very poor sorting and coarse skewness, suggesting rapid deposition and minimal transport.

GB2 and GB3 are submature, showing some degree of sorting and rounding due to moderate transport distances.

GB5, with its excellent sorting and fine grain size, is classified as mature to supermature, indicating prolonged transport or reworking, likely in a high-energy marine environment (Boggs, 2011; Pettijohn, 1975).

This vertical maturity trend aligns with a fining-upward sequence or lateral facies change from proximal to distal depositional environments.

4.2.4
IMPLICATIONS FOR PETROLEUM EXPLORATION

The sedimentological characteristics have direct implications for the petroleum reservoir potential of the Gbugbu sandstones:

GB5 presents the most favorable reservoir characteristics, with high porosity and permeability expected due to its fine grain size and excellent sorting. It likely represents a high-quality reservoir facies, suitable for hydrocarbon accumulation and flow.

GB3 and GB2 show moderate reservoir potential. While their sorting is not ideal, they could form productive fluvial or deltaic reservoirs, especially where lateral continuity exists.

GB1 and GB4, being poorly sorted and texturally immature, are considered to have low reservoir quality. These intervals are more likely to act as tight sands, barriers, or non-reservoir units.

Additionally, potential sealing units may be provided by interbedded mudstones or clay-rich layers (not shown in the data), and the presence of both structural and stratigraphic traps within the Bida Basin enhances the exploration potential (Adiela, 2018; Ojo & Akande, 2011).

In summary, GB5 stands out as the primary target for hydrocarbon exploration, while the remaining units require more detailed petrophysical and structural analysis to determine their reservoir viability.

CHAPTER FIVE

CONCLUSION, CONTRIBUTION TO KNOWLEDGE AND RECOMMENDATION
5.1
CONCLUSION

The granulometric and statistical analysis of sandstone samples from Gbugbu, Northern Bida Basin has provided valuable insight into the depositional conditions, sediment source, and potential reservoir characteristics:
The analyzed samples represent a transition from high-energy fluvial and alluvial fan environments (GB1, GB4) to moderate-energy deltaic or floodplain systems (GB2, GB3), and finally to low-energy shallow marine or tidal settings (GB5). This suggests a regressive sequence or lateral facies shift within the basin.
Most of the samples (GB1–GB4) were derived from proximal granitic and metamorphic basement rocks, as indicated by their coarse grain size and poor sorting. GB5, however, appears to originate from recycled older sedimentary rocks, transported over long distances.
The sandstones range from texturally immature (GB1, GB4) to submature (GB2, GB3) and mature–supermature (GB5). The maturity trend aligns with increasing transport distance and sediment reworking, typical of fluvial-to-marine transitions.
GB5 offers the best reservoir quality, characterized by fine grain size, excellent sorting, and high expected porosity and permeability. GB2 and GB3 have moderate reservoir potential, particularly if structurally or stratigraphically favorable. GB1 and GB4 are likely to act as tight reservoirs or non-reservoir units due to poor sorting and coarse skewness.

These findings support the existence of heterogeneous but potentially productive reservoir facies, especially in marine-influenced sand bodies within the Bida Basin.

5.2
CONTRIBUTION TO KNOWLEDGE

This study makes significant contributions to the sedimentological and petroleum geology knowledge base of the Northern Bida Basin, specifically the Gbugbu area, through the integration of quantitative grain size statistics and facies interpretation:

· Refined Depositional Environment Interpretation Using Statistical Data:

By correlating numerical grain size parameters with sedimentological processes, this research has refined the understanding of facies variability in the Gbugbu area — ranging from proximal fluvial and alluvial fan settings to distal shallow marine systems. Such insights support more accurate paleogeographic reconstructions of the Maastrichtian depositional systems within the basin.

· New Evidence of Provenance Variability and Sediment Maturity Trends:

The study identifies a clear trend in textural maturity and provenance, moving from immature, poorly sorted sands (GB1–GB4) to well-sorted, mature sands (GB5), suggesting a combination of first-cycle basement-derived sediments and recycled sedimentary inputs.

· Petroleum Exploration Implication and Reservoir Quality Zonation:

The identification of GB5 as a high-quality reservoir facies, based on sorting and skewness, offers a valuable guide for well targeting, facies modeling, and reservoir characterization in similar inland basins.

· Methodological Framework for Future Basin Studies:

The integration of statistical sedimentology with petroleum system analysis in this research provides a replicable model for future studies across other underexplored inland sedimentary basins in Nigeria and West Africa.

5.3
RECOMMENDATIONS

Based on the interpretation of Table 4.2F and supporting sedimentological principles, the following recommendations are proposed:

·  Target Reservoir Development in GB5:

Given its fine grain size, excellent sorting, and mesokurtic nature, GB5 should be prioritized for further petrophysical evaluation (porosity, permeability tests) and exploration drilling. Detailed core sampling and thin section analysis are recommended to confirm its reservoir quality.

· Facies Modeling and Lateral Continuity Assessment:

Conduct high-resolution stratigraphic correlation to assess the lateral continuity of GB2, GB3, and GB5 sand bodies. This is essential for evaluating the connectivity and volume of potential reservoir units.

· Geophysical and Structural Surveys:

Integrate seismic reflection data to identify structural and stratigraphic traps, particularly in areas where high-quality sands (e.g., GB5) pinch out or are juxtaposed against seals. Map fault trends and buried ridges that could serve as hydrocarbon traps.

· Geochemical Analysis of Associated Shales (If Present):

Investigate interbedded mudstone or shale layers for their potential as source rocks or seals. Perform TOC (Total Organic Carbon) and Rock-Eval pyrolysis to evaluate hydrocarbon generation potential.

· Further Provenance Study:

Apply heavy mineral analysis, thin section petrography, and geochemical fingerprinting to better constrain the source rock composition and sediment recycling.

· Petroleum System Modeling:

Develop a 3D basin model to simulate burial history, source rock maturation, migration pathways, and reservoir development using integrated geological and geophysical data.
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