


Biomarker distribution and implications for organic matter input and depositional environment of shales from the Utapate Oilfield, Southeastern Niger Delta Basin, Nigeria

Abstract
Biomarker geochemistry provides a powerful means of reconstructing organic matter provenance, depositional environment, and thermal maturity of sedimentary source rocks. This study investigates the distribution of saturated and aromatic biomarkers in two shale samples from the Utapate Oilfield, Southeastern Niger Delta Basin, Nigeria, using gas chromatography–mass spectrometry (GC–MS). Diagnostic biomarker parameters derived from hopanes, steranes, tricyclic terpanes, oleanane, gammacerane, methylphenanthrenes, dibenzothiophenes, and triaromatic steranes were employed to evaluate organic matter input, paleoenvironmental conditions, and hydrocarbon generation potential. Results show that the shale extracts are dominated by saturated hydrocarbons (≈61–62%), with moderate aromatic fractions and very low asphaltene contents, indicating good oil quality and negligible biodegradation. Sterane distributions characterized by dominant C₂₉ steranes (≈38%), high oleanane/hopane ratios (>1.0), and supporting aromatic biomarker ratios (high P/DBT and low DBT/C₄N) indicate mixed marine–terrestrial organic matter input and Type II/III kerogen. Tricyclic terpane and hopane parameters, low gammacerane indices, and high diasterane/sterane ratios suggest deposition in a siliciclastic delta-front to prodelta environment under predominantly oxic to suboxic conditions, with episodic marine incursions. Thermal maturity indicators from both saturate and aromatic biomarkers (Ts/Tm, sterane isomerization ratios, MPI, F1, and F2) consistently place the shales within the main oil-generation window. The strong similarity in biomarker signatures between SEM-4 and UDY-5 well samples support a common source facies and robust oil–source rock correlation. 
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1. INTRODUCTION
The characterization of organic matter input and depositional environment is fundamental to understanding the petroleum generation potential of sedimentary basins. Organic geochemical studies, particularly biomarker analysis, provide powerful tools for reconstructing the origin, accumulation, and preservation of organic matter in sedimentary rocks. Biomarkers are molecular fossils derived from specific biological precursors and retain diagnostic structural features that reflect source organisms, depositional conditions, and post-depositional alteration processes [1] [2]. As such, biomarker distributions are widely applied in petroleum system analysis to infer organic matter provenance, redox conditions, salinity regimes, and paleoenvironmental settings. 
In deltaic basins, organic matter accumulation is strongly controlled by the interaction between terrestrial sediment supply and marine processes. Variations in fluvial influx, relative sea-level change, and water-column oxygenation result in complex depositional environments characterized by mixed marine and terrestrial organic inputs [3] [2] [4]. Biomarker parameters such as sterane and hopane distributions, tricyclic terpanes, oleanane abundance, gammacerane indices, and aromatic sulphur compounds have proven effective in distinguishing between marine, deltaic, and fluvial depositional systems and in evaluating the relative contributions of algal, bacterial, and higher-plant organic matter [5] [6] [7]. 
Previous geochemical investigations of Niger Delta source rocks and oils indicate that the organic matter is predominantly of mixed marine–terrestrial origin, reflecting the strong influence of deltaic sediment supply and episodic marine transgressions [12] [4]. Biomarker studies have revealed the widespread presence of Type II/III kerogen, variable redox conditions ranging from oxic to anoxic, and depositional environments spanning fluvial, delta-front, prodelta, and shallow-marine settings [2] [9]. However, despite extensive regional studies, detailed field-scale investigations that constrain organic facies variability within individual oilfields remain limited. 
The Utapate Oilfield, located within the Niger Delta Basin, contains shale intervals interpreted to be potential petroleum source rocks associated with the Agbada Formation prodeltaic facies. A comprehensive understanding of the organic matter sources and depositional environments of these shales is critical for refining petroleum system models and improving hydrocarbon exploration strategies in the area. Nevertheless, biomarker-based assessments focusing specifically on the Utapate oilfield shales are sparse. 
This study applies gas chromatography–mass spectrometry (GC–MS) analysis of saturated and aromatic hydrocarbon fractions to evaluate biomarker distributions in shale samples from the Utapate Oilfield. The results provide new insights into the paleoenvironmental evolution and organic facies development of the Utapate shales and contribute to a broader understanding of deltaic source rock systems in the Niger Delta Basin.

2. REGIONAL GEOLOGICAL SETTING

The Utapate Oilfield is situated in the southeastern Niger Delta Basin, southern Nigeria, within the onshore to shallow offshore transition zone (Fig. 1). The Niger Delta Basin is a major Tertiary sedimentary basin along the Gulf of Guinea and ranks among the world’s most productive hydrocarbon provinces. Its evolution is linked to Late Jurassic–Early Cretaceous rifting and the subsequent opening of the South Atlantic, which established a passive continental margin setting [13] [ 9]. Since the Paleogene, basin development has been dominated by rapid delta progradation driven by high sediment supply from the Niger River system, coupled with syn-sedimentary subsidence and fluctuations in relative sea level. 
Structurally, the basin comprises a series of seaward-younging depobelts that record successive phases of delta advance from the Eocene to Recent times [14] [9]. Each depobelt represents a discrete depositional episode governed by sediment flux, accommodation space, and marine influence. Growth faults, rollover anticlines, and shale diapirism characterize the structural framework and exert a primary control on sediment dispersal and hydrocarbon trapping.
Stratigraphically, the Niger Delta Basin consists of three major lithostratigraphic units arranged in a regressive offlap succession: the Akata, Agbada, and Benin formations [8] (Fig. 2). The basal Akata Formation is composed mainly of deep-marine to prodelta shales deposited under low-energy, commonly dysoxic to anoxic conditions, and constitutes the principal source rock of the Niger Delta petroleum system [10] [11] [39]. Overlying this unit, the Agbada Formation comprises alternating sandstones and shales deposited in delta-front, distributary-channel, and prodelta settings, reflecting repeated transgressive–regressive cycles and the interplay of fluvial and marine processes [9] [39]. Shales within the lower to middle Agbada Formation commonly contain mixed marine–terrestrial organic matter and form important secondary source rocks capable of generating both oil and gas [12] [4]. The uppermost Benin Formation consists predominantly of continental fluvial sands with minor shale interbeds that contains little organic matter of petroleum significance, and represents the final stage of basin infilling under delta-plain conditions [8].
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Fig. 1: Map of OML13 showing Utapate Oilfield and well locations



Fig. 1: Map of OML13 showing Utapate Oilfield and well locations
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Fig 2: Stratigraphic Units in the Niger Delta Basin (Adapted from Obaje, 2019)

3. MATERIALS AND METHODS
3.1	Sample Collection and Preparation
Shale samples used in this study were obtained from the Utapate Oilfield, Niger Delta Basin, Nigeria. A total of eleven samples (six from UDY well and five from SEM well) were selected from subsurface intervals that belong to the Agbada Formation. The intervals selected for the sample collection were 4075–4135 ft and 4100–4175 ft for SEM and UDY wells respectively as shown in Table 1. To minimize contamination, fresh cuttings were used. All samples were cleaned to remove drilling mud residues, air-dried, and crushed to a fine powder using an agate mortar to ensure homogeneity prior to geochemical analysis. Based on the total organic carbon (TOC) content results, one sample each (with the highest TOC) from SEM and UDY was selected as representative for biomarker analysis (Table 1).  The selection of the highest TOC samples is justified because intervals with elevated organic carbon content typically provide stronger biomarker signals and more reliable molecular distributions for paleoenvironmental and maturity interpretations. SEM-4 and UDY-5 are considered representative of the organic-rich facies within the studied intervals, as they reflect peak organic matter preservation conditions recorded in each well. However, it should be noted that biomarker interpretations derived from two samples may not fully capture small-scale vertical heterogeneity within the formation. Despite this limitation, the close stratigraphic proximity of the samples and the similarity of their geochemical characteristics support their suitability as representative end-members for evaluating organic matter input, depositional environment, and thermal maturity in the Utapate Oilfield.
Table 1: Depth, Stratigraphic unit, Lithology and TOC of SEM and UDY Well Samples
	Well names
	SEM-1
	SEM-2
	SEM-3
	SEM-4
	SEM-5
	UDY-1
	UDY-2
	UDY-3
	UDY-4
	UDY-5
	UDY-6

	Sample depth (ft)
	4075
	4090
	4105
	4129
	4135
	4100
	4115
	4130
	4145
	4160
	4175

	Stratigraphic unit
	AF
	AF
	AF
	AF
	AF
	AF
	AF
	AF
	AF
	AF
	AF

	Lithology
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale
	Shale

	TOC
	3.77
	3.92
	3.88
	3.95
	3.90
	3.80
	3.89
	3.83
	3.86
	3.95
	3.87


AF = Agbada Formation; TOC = Total organic carbon

Organic Matter Extraction
Approximately 30 g of each powdered shale sample was subjected to Soxhlet extraction for 48–72 hours using a dichloromethane/methanol (93:7 v/v) solvent mixture. The resulting total organic extract (TOE) was concentrated under a gentle stream of nitrogen to remove excess solvent. Asphaltenes were precipitated from the extract by the addition of excess n-hexane (40:1 solvent ratio) and separated by filtration after allowing the mixture to stand for at least 24 hours.
Fractionation of Extractable Organic Matter
The de-asphalted maltene fraction was separated into saturated hydrocarbons, aromatic hydrocarbons, and polar (resin) fractions using column chromatography. A glass column packed with activated silica gel and alumina was employed. The saturated fraction was eluted with n-hexane, the aromatic fraction with a mixture of n-hexane and dichloromethane (2:1, v/v), and the polar fraction with methanol. Each fraction was concentrated under nitrogen and stored in amber vials prior to instrumental analysis.
Gas chromatography-mass spectrometry (GC-MS)
Biomarker characterization of the aliphatic and aromatic fractions was conducted using an Agilent 6890N gas chromatograph coupled to an Agilent 5973N mass-selective detector (MSD). Chromatographic separation was achieved on a 60 m × 0.25 mm × 0.25 μm DB-1 capillary column using helium as the carrier gas at a flow rate of 1.2 mL/min. For the saturated fractions, the oven temperature was programmed from 150°C to 300°C at a ramp rate of 2°C/min to ensure effective elution of high–molecular-weight hydrocarbons. The mass spectrometer operated at an ionization energy of 70 eV in selected ion monitoring (SIM) mode, which enabled enhanced sensitivity by monitoring specific diagnostic ions with dwell times of 50–100 ms and an overall cycle time of approximately 0.7 seconds. Prior to injection, the aliphatic and aromatic hydrocarbon fractions were individually dissolved in pentane and dichloromethane (DCM), respectively, each in the presence of an internal standard, and diluted to a final volume of 1.0 mL. A 1.0 μL aliquot of each prepared solution was introduced into the GC–MS system. During chromatographic separation, compounds eluting from the GC column were transferred directly into the mass spectrometer, where they underwent electron ionization to produce positively charged molecular ions and characteristic fragment ions. These fragments, defined by unique mass-to-charge (m/z) ratios resulting from specific structural cleavages within each biomarker compound, were subsequently sorted in the mass analyzer and detected according to their relative abundances. The resulting mass spectra, presented as plots of ion abundance versus m/z, provided molecular fingerprints for each compound. Spectral data were compared with reference spectra stored in the instrument’s library to identify individual biomarker constituents within both the saturated and aromatic fractions. Quantification of biomarker distributions was carried out using peak area or peak height measurements obtained from the corresponding chromatograms, enabling detailed interpretation of source input, depositional conditions, and thermal maturity [15] [42]. 
4. RESULTS
4.1 Bulk Hydrocarbon Composition
The bulk compositional fractions (saturates, aromatics, resins, and asphaltenes) provide a broad overview of hydrocarbon quality and alteration level [3] [1]. Both Utapate shale extracts are dominated by saturated hydrocarbons, which constitute 61.5–61.7 % of the total extractable organic matter (EOM). Aromatic hydrocarbons account for ~18 %, while NSO (resin) compounds make up approximately 17–18 %, and asphaltenes form a minor fraction of ~2 %. The proportional contributions of these fractions, calculated from the total extract mass, are illustrated in the bar charts for SEM-4 and UDY-5 samples (Fig. 3). 
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Fig. 3: Bulk Composition of C15+ in: (a) SEM-4 sample extract from SEM well (b) UDY-5 sample extract from UDY well in Utapate oilfield, Niger Delta Basin, Nigeria.



4.2 Biomarker Distributions (Saturate Fractions)
[bookmark: _Hlk220576519]The GC-MS analysis of the Utapate shale extracts revealed a rich distribution of triterpane and sterane biomarkers. Sixty seven (67) distinct peaks with measurable concentrations were identified, representing a combination of steranes, tricyclic terpanes, and other pentacyclic hydrocarbons. Table 2 shows the peak definition of the identified compounds. The mass chromatograms for m/z 191 and m/z 217, representing terpane and sterane distributions, respectively, for samples SEM-4 and UDY-5, are provided in Fig. 4. The m/z 191 chromatograms reveal well-developed tricyclic and pentacyclic terpane suites in both samples. Tricyclic terpanes spanning C₁₉T to C₃₅T were identified in SEM-4 and UDY-5, with C₂₃T emerging as the most abundant homologue (124 and 164 ppm), followed by C₂₁T (80 and 105 ppm) and C₂₄T (75 and 99 ppm) as shown in Fig. 5. Pentacyclic terpanes (C₂₇T - C₃₅T) are also present, with oleanane displaying the highest relative abundance (391 and 563 ppm), closely followed by C₃₀ hopane (367 and 524 ppm). Trisnorhopane (TM), 151 and 212 ppm) dominates over trisnorneohopane (TS, 57 and 81 ppm), and only low concentrations of gammacerane (GA, 11 and 16 ppm) (Table 2) are observed in both samples. The relative abundances of pentacyclic terpanes are summarized in Fig. 6. Hopane biomarkers provides important insights into depositional environment, bacterial contribution, and thermal maturity [17] [1] [4] [18] [19]. Both SEM-4 and UDY-5 display consistent trends based on the quantified parameters: C₃₀ hopane is moderately abundant with the concentration of 367 ppm and 524 ppm for SEM and UDY wells respectively. C₂₉ hopane/C₃₀ hopane ratios of SEM and UDY are 0.77 and 0.79 while C₃₁R/C₃₀ hopane ratios are 0.14 and 0.15 and C₃₅S/C₃₄S ratios are 0.46 and 0.47 respectively. Both SEM and UDY shale sample extracts possess the same ratios for Ts/Tm (0.38) and C₂₆/Ts (0.68) (Table 3).
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Fig.4: Mass Chromatograms (m/z 191 and m/z 217) of extracts from SEM-4 and UDY-5 Wells
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Fig. 5: Distribution of tricyclic terpanes biomarkers of: (a) SEM-4 oil shale sample from SEM well (b) UDY-5 oil shale sample extract from UDY well in Utapate oilfield, Niger Delta Basin, Nigeria. 
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Fig 6: Distribution of pentacyclic terpanes biomarkers of: (a) SEM-4 sample extract from SEM well (b) UDY-5 sample extract from UDY well in Utapate oilfield, Niger Delta Basin, Nigeria
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Fig. 7: Distribution of steranes biomarkers of: (a) SEM-4 sample extract from SEM well (b) UDY-5 sample extract from UDY well, Utapate oilfield, Niger Delta Basin, Nigeria.



The sterane distributions derived from m/z 217 for SEM-4 and UDY-5 show moderate concentrations of C₂₇ (cholestane), C₂₈ (ergostane), and C₂₉ (stigmastane) steranes. Among these homologues, C₂₉ sterane is the most abundant in both extracts (Fig. 7). The percentage distribution of saturated biomarkers for both samples is presented in Fig. 8. Quantitatively, the sterane distributions in the Utapate samples fall within the following ranges: C₂₇ steranes: 30.6 and 30.7%, C₂₈ steranes: 31.2 and 31.5%, C₂₉ steranes: 37.9 and 38.2%. Maturity indicators for SEM-4 and UDY-5 samples: C₂₉ 20S/(20S + 20R) are 0.39 and 0.40 whereas C₂₉ ββ/(ββ + αα) = 0.34 and 0.35 respectively (Table 3).
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Fig. 8: Percentage distribution of saturated biomarkers of: (a) SEM-4 sample extract from SEM well, (b) UDY-5 sample extract from UDY well in Utapate oil field, Niger Delta Basin, Nigeria

Table 2: Identified saturated biomarkers of SEM and UDY Wells shale extracts.
	Peak #
	m/z
	Compound
	Names of saturated biomarkers identified
	SEM-4
	UDY-5

	
	
	
	
	Height (ppm)
	Height (ppm)

	
	  Tricyclic Terpanes
	
	
	

	1
	191
	C19T
	C₁₉ tricyclic terpane
	41
	49

	2
	191
	C20T
	C₂₀ tricyclic terpane
	65
	83

	3
	191
	C21T
	C₂₁ tricyclic terpane
	80
	105

	4
	191
	C22T
	C₂₂ tricyclic terpane
	28
	36

	5
	191
	C23T
	C₂₃ tricyclic terpane
	124
	164

	6
	191
	C24T
	C₂₄ tricyclic terpane
	75
	99

	7
	191
	C25S
	C₂₅ tricyclic terpane (S isomer)
	22
	32

	8
	191
	C25R
	C₂₅ tricyclic terpane (R isomer)
	22
	30

	9
	191
	TET
	Tetracyclic terpane
	36
	49

	10
	191
	C26S
	C₂₆ tricyclic terpane (S isomer)
	19
	26

	11
	191
	C26R
	C₂₆ tricyclic terpane (R isomer)
	20
	27

	14
	191
	ET-C28S
	Extended C₂₈ tricyclic terpane (S isomer)
	22
	31

	15
	191
	ET-C28R
	Extended C₂₈ tricyclic terpane (R isomer)
	14
	18

	16
	191
	ET-C29S
	Extended C₂₉ tricyclic terpane (S isomer)
	12
	16

	17
	191
	ET-C29R
	Extended C₂₉ tricyclic terpane (R isomer)
	11
	16

	18
	191
	ET-C30S
	Extended C₃₀ tricyclic terpane (S isomer)
	6
	8

	19
	191
	ET-C30R
	Extended C₃₀ tricyclic terpane (R isomer)
	12
	15

	20
	191
	ET-C31S
	Extended C₃₁ tricyclic terpane (S isomer)
	41
	63

	21
	191
	ET-C31R
	Extended C₃₁ tricyclic terpane (R isomer)
	38
	54

	
	 
	
	                              TRICYCLICS
	687
	922

	
	           Pentacyclic Terpanes
	
	

	29
	191
	Ts
	18α(H)-22,29,30-trisnorneohopane
	57
	81

	30
	177
	C27T
	C₂₇ hopane
	8
	12

	32
	191
	Tm
	17α(H)-22,29,30-trisnorhopane
	151
	212

	37
	177
	C28DM
	C₂₈ demethylated hopane
	40
	55

	42
	191
	C28H
	C₂8 hopane
	14
	19

	45
	177
	C29DM
	C₂₉ demethylated hopane
	17
	25

	47
	191
	C29H
	C₂₉ hopane
	288
	401

	48
	191
	C29D
	Rearranged C₂₉ hopane (diahopane)
	39
	57

	49
	191
	C30X
	Rearranged C₃₀ hopane (extended hopane)
	28
	40

	50
	191
	OL
	Oleanane
	390
	563

	51
	191
	C30H
	C₃₀ αβ-hopane
	367
	524

	52
	205
	C31 2MeH
	C₃₁ 2-methylhopane
	15
	21

	53
	191
	C30M
	Moretane (C₃₀ ββ-hopane)
	161
	228

	54
	191
	C31S
	C₃₁ 22S αβ-hopane
	74
	102

	55
	205
	C32 2MeH S
	C₃₂ 22S 2-methylhopane
	7
	10

	56
	191
	C31R
	C₃₁ 22R αβ-hopane
	53
	76

	57
	191
	GA
	Gammacerane
	11
	16

	58
	191
	C32S
	C₃₂ 22S αβ-hopane
	30
	42

	59
	191
	C32R
	C₃₂ 22R αβ-hopane
	24
	34

	60
	191
	C33S
	C₃₃ 22S αβ-hopane
	15
	22

	61
	191
	C33R
	C₃₃ 22R αβ-hopane
	12
	18

	62
	191
	C34S
	C₃₄ 22S αβ-hopane
	7
	11

	63
	191
	C34R
	C₃₄ 22R αβ-hopane
	5
	8

	64
	191
	C35S
	C₃₅ 22S αβ-hopane
	3
	5

	65
	191
	C35R
	C₃₅ 22R αβ-hopane
	3
	5

	
	
	
	                    PENTACYCLICS
	     1821
	2587

	                             Steranes

	  12
	 217   
           
	          S1
	C₂₇ regular sterane (ααα 20R)
	41
	54

	13
	217
	S2
	C₂₇ regular sterane (ααα 20S)
	23
	31

	22
	217
	S3
	C₂₈ regular sterane (ααα 20R)
	18
	25

	23
	217
	S4
	C₂₈ regular sterane (ααα 20S)
	43
	59

	24
	218
	S4B
	C₂₈ ββ sterane
	35
	47

	25
	217
	S5
	C₂₉ regular sterane (ααα 20R)
	21
	30

	26
	218
	S5B
	C₂₉ ββ sterane
	25
	35

	27
	217
	S6
	C₂₇ diasterane
	46
	64

	28
	217
	S7
	C₂₈ diasterane
	24
	33

	31
	217
	S8
	C₂₉ diasterane
	12
	17

	33
	217
	S9
	C₂₇ rearranged sterane
	17
	24

	34
	218
	S9B
	C₂₇ rearranged sterane (ββ)
	31
	42

	35
	217
	S10
	C₂₈ rearranged sterane
	21
	31

	36
	218
	S10B
	C₂₈ rearranged sterane (ββ)
	25
	36

	38
	217
	S11
	C₂₉ rearranged sterane
	25
	35

	39
	217
	S12
	C₂₇ sterane (isomer)
	24
	34

	40
	217
	S13
	C₂₈ sterane (isomer)
	39
	55

	41
	218
	S13B
	C₂₈ sterane (ββ isomer)
	146
	207

	43
	217
	S14
	C₂₉ sterane (isomer)
	21
	29

	44
	218
	S14B
	C₂₉ sterane (ββ isomer)
	30
	44

	67
	221
	ISTD
	Internal sterane standard
	362
	543

	46
	217
	S15
	C₃₀ sterane
	60
	87

	
	
	
	                         STERANES
	436
	607




4.3 Aromatic Biomarkers
[bookmark: _Hlk214819245]The m/z 178 + 192 chromatograms indicate that phenanthrene (P, 2028 and 2059 ppm) is present in significant quantities in both samples. High abundances of 2-methylphenanthrene (2MP, 1301 and 1303 ppm), 9-methylphenanthrene (9MP, 1123 and 1135 ppm), and 3-methylphenanthrene (3MP, 1124 and 1125 ppm) are also observed in high abundance, whereas 1-methylphenanthrene (1MP, 784 and 797 ppm) is the least abundant of the phenanthrene-related compounds (Table 2). These chromatograms for SEM-4 and UDY-5 are provided in Fig. 9. The m/z 184 + 198 chromatograms show that 4-methyldibenzothiophene (4MDBT, 142 and 144 ppm) is more abundant than 1-methyldibenzothiophene (1MDBT, 28 ppm apiece) in both samples. Dibenzothiophene (DBT, 80 and 83 ppm) is also present at higher concentrations than 1MDBT (Table 2 and Fig. 9). The triaromatic sterane (TAS) distributions derived from m/z 231 for SEM-4 and UDY-5, provided in Fig. 10, show that C₂₀TAS (39 and 40 ppm) is more abundant than C₂₁TAS (23 and 24 ppm) and C₂₆TAS (18 and 19 ppm). The TAS1–TAS5 ratios are less than 1 for both samples (Table 2), indicating low relative contributions of higher-order triaromatic homologues. Additional aromatic biomarkers, including aryl isoprenoids (m/z 133) and aromatic dinosteroids (m/z 245), were also identified. Their distributions for SEM-4 and UDY-5 are presented in Fig 11. Aromatic biomarker ratios provide further maturity and redox information [34] [4]. Both Utapate samples show: Methylphenanthrene Index (MPI-1) = 0.92, (equivalent to Ro ≈ 0.85 - 0.9 %). Methyl Dibenzothiophene Ratios (MDR) for SEM-4 and UDY-5 samples are 5.12 and 5.14 and Phenanthrene/Dibenzothiophene (P/DBT) ratios are 24.55 and 25.71 while DBT/C₄-naphthalene ratios are 0.22 and 0.25. Triaromatic steranes (TAS 1–TAS 5) and aromatic dinosteroids provide information on marine algal input and maturity [23]. The Utapate samples display consistent TAS patterns: TAS1 = 0.63, TAS2 = 0.44, TAS3 = 0.28, TAS4 = 0.48, TAS5 = 0.77. Dino 3/9 ≈ 1.0.
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Fig.9: Mass Chromatograms of Aromatic Hydrocarbon Fractions (m/z 178 + 192 and 184 + 198) of Extracts from SEM-4 and UDY-5 Well Samples
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Fig. 10: Mass Chromatograms of Aromatic Hydrocarbon Fractions (m/z 231) of Extracts from SEM-4 and UDY-5 Well Samples. 
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[bookmark: _Hlk219665868]Fig. 11: Mass Chromatograms of Aromatic Hydrocarbon Fractions (m/z 133 and m/z 245) of Extracts from SEM-4 and UDY-5 Well Samples


5. DISCUSSION

5.1 Bulk Hydrocarbon Composition
The relatively high proportion of saturates (Fig. 3a and b) indicates that these shale sample extracts (bitumen) are derived from light to medium mature oils with minimal biodegradation [16] [41] [42]. Similarly, the Saturate/Aromatic ratio (Sat/Aro) of 3.26–3.37 suggests that the oil extracts are largely unaltered and contain a high proportion of paraffinic hydrocarbons [2] [41]. Low asphaltene contents (≤ 2.3 %) and low NSO fractions further indicate high-quality, low-sulphur oils. These characteristics are consistent with hydrocarbons generated from Type II or mixed Type II/III kerogen, which produce paraffinic to paraffinic–naphthenic oils [4] [44].  
5.2 Source of Organic Matter and Kerogen Type
The combined saturate and aromatic biomarker signatures of the SEM-4 and UDY-5 shale samples indicate a mixed organic matter origin derived from both terrestrial higher plants and marine algal–bacterial sources (Tables 3 and 4; Figs. 4, 7, 8). This interpretation is supported by sterane distributions showing moderate proportions of C₂₇ (≈30–31%) and C₂₈ (≈31%), together with a dominant C₂₉ sterane component (≈38%) (Table 3; Figs. 7; Fig. 12). Such sterane patterns are characteristic of mixed marine–terrestrial organic matter inputs, where higher-plant debris is supplied by deltaic systems and algal biomass contributes during periods of marine influence [3] [1] [43] [45] [52] [59]. The high oleanane/hopane ratios (1.06–1.08; Table 3; Fig. 6) provide strong evidence for significant angiosperm-derived organic matter, consistent with Tertiary continental vegetation typical of Niger Delta source rocks [24] [22] [25] [2] [26] [42][43] [53].Tricyclic terpane ratios (e.g., C₁₉/C₂₃ and C₂₁/C₂₃ < 1; Table 3; Fig. 5) further reflect dominant C₂₃ tricyclic terpanes, suggesting marine algal input, while the presence of lower homologues confirms terrestrial contributions [27] [4] [56] [57]. Aromatic biomarkers independently corroborate this mixed provenance (Table 4; Figs. 9–11). Very high phenanthrene concentrations relative to dibenzothiophene (P/DBT = 24.55 and 25.71) and low DBT/C₄N ratios (0.22 and 0.25) indicate dominant terrestrial organic matter input deposited under sulphur-poor, siliciclastic conditions [6] [7] [28]. Collectively, these biomarker characteristics indicate that the Utapate oilfield shales contain Type II/III kerogen, capable of generating both oil and gas upon maturation [3] [4] [51] [55].

Table 3: Saturated biomarker parameters of SEM and UDY Wells 
	S/N
	Parameters
	Names of Biomarkers
	Ratio

	
	
	
	SEM
	UDY

	1.
	C19/C23
	normal alkanes
	0.33
	0.30

	2.
	C22/C21
	normal alkanes
	0.35
	0.35

	3.
	C21/C23
	normal alkanes
	0.64
	0.64

	4.
	C22/C23
	normal alkanes
	0.22
	0.22

	5.
	C24/C23
	normal alkanes
	0.61
	0.60

	6.
	C26/C25
	normal alkanes
	0.88
	0.87

	7.
	Tet/C23
	Tetracyclic terpane / C23 tricyclic terpane
	0.29
	0.30

	8.
	S1/S6
	Short-chain vs long-chain tricyclic terpanes
	0.84
	0.84

	9.
	%C27
	Steranes
	30.70
	30.60

	10.
	%C28
	Steranes
	31.50
	31.20

	11.
	%C29
	Steranes
	37.90
	38.20

	12.
	20S/20R
	Sterane isomerization ratio
	0.39
	0.39

	13.
	Ster/Terp
	Total steranes / total terpanes
	0.38
	0.38

	14.
	C27 Ts/Tm
	18α(H)-22,29,30-trisnorneohopane/ 17α(H)-22,29,30-trisnorhopane
	0.38
	0.38

	15.
	C29 Ts/Tm
	18α(H)-22,29,30-trisnorneohopane/ 17α(H)-22,29,30-trisnorhopane
	0.14
	0.14

	16.
	29D/29
	C29 diasterane / C29 regular sterane
	0.14
	0.14

	17.
	C27T/27
	C27 tricyclic terpane / C27 hopane
	0.04
	0.04

	18.
	DM/H
	Diahopane / hopane
	0.05
	0.05

	19.
	C26/Ts
	C26 tricyclic terpane / Ts
	0.67
	0.67

	20.
	C27/H
	Hopanes relative to total hopanes
	0.56
	0.56

	21.
	C28/H
	Hopanes relative to total hopanes
	0.04
	0.04

	22.
	C30X/H
	C30 rearranged hopane/ total hopanes
	0.08
	0.08

	23.
	C29/H
	Hopanes relative to total hopanes
	0.79
	0.77

	24.
	M/H
	Moretane / hopane
	0.43
	0.43

	25.
	OL/H
	Oleanane / hopane
	1.06
	1.08

	26.
	C31R/H
	C31 22R hopane / hopanes
	0.14
	0.15

	27.
	GA/C31R
	Gammacerane / C31 hopane
	0.21
	0.21

	28.
	GA/H
	Gammacerane / total hopane
	0.03
	0.03

	29.
	C31/H
	C31 hopane / total hopanes
	0.15
	0.15

	30.
	C35S/C34S
	Hopane ratio
	0.46
	0.47

	31.
	C23/H
	C23 tricyclic terpane / hopanes
	0.31
	0.31

	32.
	C31MH/H
	methylhopane / hopanes
	0.04
	0.04

	33.
	C32MH/H
	methylhopane / hopanes
	0.02
	0.02

	34.
	Dia/Reg
	Total diasteranes / regular steranes
	0.89
	0.84

	35.
	C29 20S/R
	Sterane isomerization ratio
	0.40
	0.39

	36.
	C29 bbS/aaR
	Sterane epimerization maturity parameter
	0.35
	0.34






 

Table 4: Aromatic biomarker parameter of SEM and UDY Wells oil shales
	S/N
	Parameters
	Aromatic biomarker abundance (ppm) and ratio

	
	
	SEM
	UDY

	1.
	Phenanthrene (P)
	2028
	2059

	2.
	1-Methylphenanthrene (1MP)
	784
	797

	3.
	2-Methylphenanthrene (2MP)
	1301
	1303

	4.
	3-Methylphenanthrene (3MP)
	1124
	1125

	5.
	4-Methylphenanthrene (4MP)
	1135
	1123

	6
	Dibenzothiophene (DBT)
	83
	81

	7.
	1-Methyldibenzothiophene (1MDBT)
	28
	27

	8.
	4-Methyldibenzothiophene (4MDBT)
	144
	142

	9.
	C4-Napthalene (C4N)
	381
	325

	10.
	Methylphenanthrene Index (MPI)
	0.92
	0.92

	11.
	Methylphenanthrene Ratio 1 (F1)
	0.56
	0.56

	12.
	Methylphenanthrene Ratio 2 (F2)
	0.30
	0.30

	13.
	Phenanthrene/Dibenzothiophene (P/DBT)
	24.55
	25.71

	14.
	Dibenzothiophene/ C4-alkylnaphthalenes (DBT/C4N)
	0.22
	0.25

	15.
	Methyl Dibenzothiophene Ratio (MDR)
	5.12
	5.14

	16.
	Triaromatic sterane - TAS1
	0.63
	0.63

	17.
	Triaromatic sterane - TAS2
	0.44
	0.44

	18.
	Triaromatic sterane - TAS3(CR)
	0.28
	0.28

	19.
	Triaromatic sterane -TAS4
	0.48
	0.48

	20.
	Triaromatic sterane TAS5
	0.77
	0.78

	21.
	aromatic dinosteroids - Dino 3/9:
	0.99
	1.05
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Fig. 12: Ternary diagram showing relative distribution of C27, C28 and C29 regular steranes in SEM-4 and UDY-5 samples extracts


5.3 Depositional Environment
Saturate biomarker parameters indicate deposition in a marginal-marine to deltaic environment dominated by siliciclastic sedimentation (Table 1; Figs. 4–6). C₂₆/C₂₅ tricyclic terpane ratios close to unity (0.87 and 0.88; Table 1; Fig. 5) suggest mixed marine–terrestrial depositional conditions typical of delta-front to prodelta settings [29] [30] [. The abundance of C₃₀ hopane, coupled with C₂₉H/C₃₀H ratios < 1 (0.77 and 0.79; Table 1; Fig. 6), indicates deposition under predominantly oxic to suboxic conditions characteristic of siliciclastic deltaic systems [31] [4] [43] [46] [49]. C35S/C34S ratios (0.46 and 0.47) point to deposition under reducing (suboxic to anoxic) bottom-water conditions, where bacterial sulphate reduction and early diagenetic reworking were significant [20] [4]. A cross plot of C35S/C34S ratios versus C₂₉H/C₃₀H ratios confirms oxic to suboxic depositional conditions (Fig. 13) [46] [47] [54].   Very low gammacerane indices (GA/H ≈ 0.03; Table 1; Fig. 6) suggest low salinity and minimal water-column stratification, ruling out hypersaline or strongly restricted marine conditions and supporting fluvial–deltaic influence [32] [42] [. High diasterane/regular sterane ratios (0.84–0.89; Table 1; Fig. 7) further indicate clay-rich sediments deposited under oxic to suboxic conditions, typical of delta-front and prodelta muds [4] [33]. Aromatic biomarkers refine this interpretation (Table 2; Figs. 9–11). Elevated P/DBT ratios (>24) and low DBT/C₄N values confirm a sulphur-poor, oxic to sub-oxic, siliciclastic depositional environment dominated by terrestrial input [7] [40] [42]. However, relatively high methyl dibenzothiophene ratios (MDR ≈ 5.1) and moderate triaromatic sterane (TAS) indices indicate episodic marine influence and intervals of reducing conditions during deposition [34] [2] [28][49] [58]. These combined signals suggest a delta-front to prodelta depositional system influenced by transgressive–regressive cycles, consistent with the Agbada Formation of the Niger Delta [8] [9] [41][42].
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Fig. 13: Plot of C35S/C34S Versus C29H/C30H displaying depositional conditions and lithology

5.4 Thermal Maturity
Both saturate and aromatic biomarker parameters consistently place the SEM-4 and UDY-5 samples within the main oil-generation window (Tables 1 and 2). Sterane isomerization ratios C₂₉ 20S/(20S + 20R) (0.39 and 0.40) and C₂₉ ββ/(ββ + αα) (0.34 and 0.35) are below equilibrium values but clearly exceed immature levels, indicating early to mid-oil-window maturity [35] [21] [1] [2] [48] [50] [58]. C31R/C30 hopane ratios (0.14 and 0.15) reflect moderate thermal maturity, consistent with other maturity indicators. Ts/(Ts + Tm) ratios (~0.38; Table 1, Fig. 14) and moretane/hopane ratios (~0.43) further support moderate thermal maturity. Aromatic maturity parameters strongly corroborate this interpretation (Table 2; Figs. 9–11). The Methylphenanthrene Index (MPI = 0.92) corresponds to an equivalent vitrinite reflectance of approximately 0.85–0.9%, characteristic of peak oil generation [34] [4] [28] [48]. F1 (0.56) and F2 (0.30) ratios derived from methylphenanthrene isomers also indicate advanced maturity within the oil window. The close similarity of maturity parameters between the two wells suggests a uniform burial and thermal history across the Utapate Oilfield.
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Fig. 14: TS/(TS + TM) ratio versus C2920S/(20S + 20R) sterane of the studied sample extracts in Utapate oilfield.

5.5 Biodegradation and Post-Generative Alteration
Several parameters suggest negligible biodegradation or secondary alteration. The chromatograms show no unresolved complex mixtures (UCMs), the Sat/Aro ratio is high (≈ 3.3), and asphaltenes are low (< 2.3%). These features indicate that the oils have not undergone significant microbial degradation or water washing [16] [42]. Therefore, the biomarker data are reliable for source correlation and environmental interpretation [36]


5.6 Oil–Source Correlation
The strong similarity in saturate and aromatic biomarker distributions between SEM-4 and UDY-5 (Tables 3–4; Figs. 4–11) indicates that the two shale samples were deposited under comparable paleoenvironmental conditions and share a common source facies. Identical sterane distributions, oleanane indices, gammacerane values, and aromatic maturity ratios (MPI, F1, F2, MDR) suggest that hydrocarbons generated from these shales would be genetically related and sourced from the same prodeltaic organic facies. The dominance of C₂₉ steranes, high oleanane abundance, elevated P/DBT ratios, and low DBT/C₄N values are consistent with oils generated from Niger Delta mixed marine–terrestrial source rocks of the Agbada–Akata petroleum system [12] 11] [4][41] [42] [52]. These biomarker similarities support a strong oil–source rock correlation, indicating that the Utapate Oilfield shales constitute effective source rocks capable of contributing to hydrocarbon accumulations within the field.   
5.7 Hydrocarbon Potential and Exploration Implications
The geochemical data demonstrate that the Utapate oilfield shales are excellent source rocks with substantial petroleum potential. The high saturate fractions, moderate aromatic content, and low asphaltenes suggest efficient expulsion of light oils [1] [37]. Because the kerogen is mixed Type II/III, these shales are capable of generating both liquid hydrocarbons and associated gas at greater depths [3] [38] [44] [52] [59]. The maturity data indicate that the shales are in the peak oil window, and ongoing hydrocarbon generation is likely. Moreover, the absence of biodegradation and high-quality oil character make the Utapate system economically attractive. The genetic correlation between the two wells also implies that the productive interval is laterally extensive, enhancing the exploration prospectivity of the field [11].

CONCLUSION
Integrated saturate and aromatic biomarker data indicate that the Utapate Oilfield shales were deposited in a delta-front to prodelta setting within the Niger Delta Basin under predominantly siliciclastic sedimentation and fluctuating marine influence. Organic matter input reflects a mixed terrestrial and marine origin, evidenced by dominant C₂₉ steranes, elevated oleanane, and supporting aromatic indices, confirming the presence of mixed Type II/III kerogen. Biomarker maturity parameters consistently place the shales within the peak oil window, demonstrating that the source rocks are thermally mature and capable of generating both liquid hydrocarbons and associated gas. Depositional proxies suggest mainly oxic to suboxic conditions with intermittent marine transgressions, favorable for preserving reactive organic matter. The strong biomarker correlation between SEM-4 and UDY-5 indicates a common source facies and supports strong oil–source rock correlation across the field. The absence of significant biodegradation and favorable hydrocarbon composition further enhance petroleum quality. The Utapate shales, therefore, represent an effective, mature deltaic source rock system with strong hydrocarbon generation potential, reinforcing the exploration prospectivity of the Utapate Oilfield and surrounding Niger Delta Basin.
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