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Abstract  9 

One of the primary Upper Cretaceous shale formations in Libya's Sirte Basin is the Hagfah Shale. The 10 

formation was once considered a potential source rock for petroleum. However, the formation's 11 

properties as a source rock, including kerogen, thermal maturity, and hydrocarbon retention, have not 12 

been well evaluated, and its petroleum potential needs to be assessed. This research aims to investigate 13 

the kerogen type, thermal maturity, and hydrocarbon retention of the Hagfah Shale to determine its 14 

source-rock potential. Rock-Eval pyrolysis and total organic carbon (TOC) data from six wells 15 

representing the Dahra Hofra Platform (Well F12-20), Meanzel Ridge (Well P1-6), Jahama Platform 16 

(Well EEE1-6), Zaltan Platform (Well D1-94), Hateiba Ridge (Well OO1-6), and Ajdabiya Trough (Well 17 

K1-12) were analyzed. Cluster analysis and standard geochemical cross-plots (TOC % vs. S1 + S2, TOC 18 

% vs. HI, HI vs. OI, and OSI) were used to evaluate organic richness, kerogen type, thermal maturity, 19 

depositional environment, and hydrocarbon retention. The Hagfah Shale exhibits generally low TOC 20 

values, indicating poor source rock quality in the Dahra Hofra, Meanzel Ridge, Zaltan, and Jahama 21 

Platform wells, while the Hateiba Ridge and Ajdabiya Trough display slightly higher TOC values 22 

corresponding to poor-to-fair organic richness. Hydrogen Index data indicate that the organic matter is 23 

dominated by Type III kerogen, with minor Type II/III in the Jahama Platform and Ajdabiya Trough and 24 

minor Type IV in the Zaltan Platform, suggesting predominantly gas-prone source rocks with limited oil-25 

generating potential. Cluster analysis identified two to three geochemical groups within each well, 26 

reflecting variations in kerogen type, organic richness, and thermal maturity. TOC% vs. (S1 + S2) and 27 

TOC% vs. HI relationships place most samples within the poor hydrocarbon-generation-potential field. 28 

Oil Saturation Index values exceeding 100 mg HC/g TOC in parts of the Jahama Platform and Hateiba 29 

Ridge indicate localized hydrocarbon enrichment and improved retention potential, whereas the 30 

remaining wells show limited hydrocarbon potential. These results indicate that the depositional 31 

environment controls organic matter preservation, but the generally low TOC% and the predominance 32 

of Type III kerogen limit the overall source-rock potential of the Hagfah Shale. Finally, the Hagfah Shale 33 

has limited petroleum source-rock potential across most structural domains of the Sirte Basin, with only 34 

localized intervals showing limited hydrocarbon-retention potential. 35 
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1.Introduction  38 

The Sirte Basin is one of North Africa's most prolific petroleum basins and Libya's primary hydrocarbon-39 

producing province (Barr and Weegar 1972; Gras and Thusu 1998). It is located in north-central Libya 40 

and covers a large area characterized by a series of structural depressions (troughs) and elevated 41 

platforms caused by Mesozoic to Cenozoic rifting and subsidence. This tectonic framework has played 42 

a critical role in regulating sedimentation patterns, stratigraphic evolution, and hydrocarbon 43 

accumulation (Guiraud and Bosworth 1997). The basin has a thick sedimentary sequence ranging from 44 

the Paleozoic to the Cenozoic eras, with large hydrocarbon systems primarily associated with Late 45 

Cretaceous and Paleogene source rocks (Gras and Thusu 1998). The principal source rocks are organic-46 

rich Shales deposited in diverse marine and terrestrial settings, with depositional environment, organic 47 

matter type, and thermal maturity affecting their quality (Tissot and Welte 1984; Peters and Cassa 1994).  48 

Hydrocarbons produced in the Sirte Basin are typically low in sulfur, with values ranging from 0.15% to 49 

0.66%, and are coupled with small amounts of gas. Oil in the Sirte Basin has API gravities ranging from 50 

32° to 44° (Hallett 2016; Albriki  et al. 2021). Hydrocarbons accumulate at depths ranging from 2,300 to 51 

13,100 feet, with reservoir temperatures ranging from 52°C to 143°C. The Hagfah Shale is considered a 52 

secondary source rock unit widely distributed across several structural settings within the Sirte Basin, 53 

following the main source rocks, such as the Etel Formation (Turonian), Rachmat Formation (Coniacian), 54 

Tagrifat Shale (Santonian), and Sirte Shale (Campanian). The quality and hydrocarbon potential of these 55 

source rocks vary significantly depending on total organic carbon (TOC) content, kerogen type, thermal 56 

maturity, and depositional conditions (Rossi et al. 1991; Hassan and Kendall 2014; Albriki et al. 2021).  57 

Several regional studies have been conducted on the petroleum systems of the Sirte Basin, including 58 

evaluations of major source rock units such as the Sirte shale, Rachmat Formation, Tagrifat shale, and 59 

Etel Formation, but there is a noticeable lack of focused studies that specifically address the geochemical 60 

and depositional characteristics of the Hagfah shale. This represents a considerable information gap, 61 

particularly regarding how the Hagfah Shale behaves across various structural settings within the Sirte 62 

Basin and its potential contributions to conventional and unconventional petroleum systems. As a result, 63 

extensive geochemical characterization of this unit is required to improve our understanding of its role 64 

within the basin's petroleum system.  65 

Previous studies, such as those by Aboglila and Elkhalgi (2013), indicate that the Upper Cretaceous Sirte, 66 

Tagrifet, Rakb, Rachmat, and Bahi formations are effective source rocks with variable organic richness 67 

and mixed Type II/III kerogen, indicating both oil- and gas-generating potential. Thermal maturity ranges 68 

from early to post-mature stages, with the best hydrocarbon potential observed in intervals that combine 69 

higher TOC % with favorable maturity conditions. Overall, these formations contribute significantly to 70 
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the petroleum system, with some units showing better potential for hydrocarbon generation and retention 71 

than others.  72 

Diasty et al. (2016) analyzed the Cretaceous source rocks of the Etel, Rachmat, Sirte, and Kalash 73 

formations in the western Sirte Basin and concluded that their thermal maturity levels vary significantly, 74 

as indicated by vitrinite reflectance (VRo) data. The shales of the Etel and Rachmat formations were 75 

found to have reached mature to late-mature stages, while the Sirte Formation exhibits moderate maturity. 76 

In contrast, the Kalash Formation source rocks are characterized by early- to mid-maturity stages.  77 

Albriki  et al. (2021) concluded that the Upper Cretaceous–Paleogene source rock intervals within the 78 

Sirte Basin exhibit variable but generally good hydrocarbon generation potential. The study highlighted 79 

that organic richness, kerogen type, and thermal maturity are the main controlling factors governing 80 

source rock effectiveness across different structural settings. The results indicate that most source rocks 81 

are dominated by mixed Type II/III kerogen, reflecting both marine and terrestrial organic input, with 82 

maturity levels ranging from immature to overmature depending on burial depth. The study further 83 

emphasized that structural variation within the basin strongly influences hydrocarbon generation, 84 

expulsion, and accumulation processes, leading to heterogeneous petroleum potential across the basin.  85 

Shaltami et al. (2021) conducted an organic geochemical evaluation of the Tagrifat Shale in Well A1-86 

NC129, in the Sirte Basin, indicating that the formation contains variable but generally good source-rock 87 

potential. The shale is characterized by appreciable organic richness and mixed Type II/III kerogen, 88 

reflecting both marine and terrestrial organic input. Thermal maturity data suggest that the Tagrifat Shale 89 

has reached the oil window, confirming its capability for hydrocarbon generation. The results further 90 

indicate that the Tagrifat Shale exhibits more favorable geochemical characteristics than relatively coeval 91 

formations, with greater potential for hydrocarbon generation and retention. Overall, the study confirms 92 

that the Tagrifat Shale is a significant contributor to the petroleum system of the Sirte Basin and may 93 

also be an unconventional hydrocarbon resource under suitable maturity conditions.  94 

Hallash et al. (2024) conducted a geochemical evaluation of the Upper Cretaceous Rachmat, Tagrifet, 95 

and Sirte formations in the Hameimat Trough within the Sirte Basin, indicating fair to excellent source-96 

rock quality, with TOC values ranging from 0.53% to 3.35% and mixed Type II/III kerogen. Thermal 97 

maturity data confirm that these formations have reached the oil window stage. However, Oil Saturation 98 

Index (OSI) results show that the Sirte and Rachmat formations have low oil saturation and higher 99 

exploration risk, whereas the Tagrifet Formation exhibits higher OSI values (>140 mg HC/g TOC), 100 

indicating better hydrocarbon retention and greater potential for shale oil development. Overall, the 101 

Tagrifet Formation represents the most promising unconventional resource within the study area. 102 

Despite the advances in understanding the petroleum systems of the Sirte Basin, the geochemical 103 

characteristics and petroleum potential of the Hagfah Shale across different structural settings remain 104 

poorly constrained. Therefore, this study aims to provide an integrated geochemical assessment of the 105 

Hagfah Shale by evaluating its organic richness, kerogen type, thermal maturity, depositional 106 
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environment, and hydrocarbon retention potential. Rock–Eval pyrolysis and total organic carbon (TOC) 107 

data from six wells distributed across different structural provinces of the Sirte Basin are integrated with 108 

hierarchical cluster analysis and standard geochemical cross-plots. The study further evaluates the spatial 109 

variability of source-rock characteristics and identifies structural settings and intervals with relatively 110 

enhanced hydrocarbon potential (Fig. 1). 111 

 112 

Fig. 1. (a) Location of Libya within the Mediterranean region. (b) Geological map of Libya showing the 113 

major sedimentary basins and structural elements, with the location of the Sirte Basin and the six studied 114 

wells. 115 

2. Geological setting 116 

2.1. Tectonic and stratigraphic setting  117 

Libya contains five major onshore sedimentary basins: the Cyrenaica, Sirte, Kufra, Murzuq, and 118 

Ghadamis basins (Fig. 2A). Among these, the Sirte Basin is the most prolific hydrocarbon-producing 119 

basin in the country. The basin is predominantly Mesozoic, Paleogene, and Neogene in age and covers 120 

an area of approximately 600,000 km². Its sedimentary succession exceeds 23,000 ft in thickness, 121 

reflecting a complex tectono-stratigraphic history associated with prolonged subsidence and rifting. The 122 

Sirte Basin consists of a complex system of horsts and grabens that began to develop during the Late 123 

Jurassic (Jawazi and Futyan 1996). 124 

The Sirte Basin is divided into several major structural elements, including platforms such as Dahra, 125 

Zaltan, and Beda; troughs and grabens such as Ajdabiya, Zallah, Hagfah, Hameimat, Hun, and Kotla; 126 

and ridges and structural highs such as Hateiba, Meanzel, Waddan, and Rakb. Each structural province 127 

reflects a distinct tectonic and depositional history developed during the rifting and subsidence of the 128 
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basin. These structural variations have an important influence on the distribution, thickness, burial depth, 129 

thermal maturity, and geochemical properties of source rocks and consequently affect hydrocarbon 130 

generation and accumulation processes (Guiraud and Bosworth 1997). Figure 2C shows a west–east 131 

structural cross-section through the Sirte Basin, illustrating the major structural components (Roohi 132 

1996). 133 

The basin evolved as a rifted margin along an embayment on the northern African Plate as a consequence 134 

of tectonic events associated with the breakup of Pangea. These processes initiated rifting along the 135 

present-day northwestern margin of Africa during the Middle Triassic. Subsequent crustal separation and 136 

seafloor spreading during the Early Jurassic resulted in the formation of the central Atlantic Ocean 137 

between northwest Africa and North America, followed by the opening of the central Tethyan Basin 138 

during the Middle Jurassic (Gumati and Schamel 1988; Gumati et al. 1996; Sikander and Basu 2006). 139 

Early Cretaceous rifting within the Sirte Basin developed in response to extensional tectonic forces acting 140 

along zones of crustal weakness between African crustal blocks. This tectonic activity resulted in the 141 

collapse of the pre-existing Sirte Arch, a major NE–SW-oriented positive structural feature. The early 142 

rifting phase was accompanied by rhyolitic and basaltic volcanic activity, with granitic intrusions dated 143 

to approximately 150 Ma and basic to intermediate volcanic rocks dated to about 130 Ma (Hallett 2002; 144 

Abadi et al. 2008; Abdalla et al. 2023a).  145 

During the Late Cretaceous, the basin experienced active subsidence that gradually decreased through 146 

time. The Paleocene and early Eocene were characterized by slower subsidence and reactivation of 147 

extensional faults associated with the relative movements of the African, American, and Eurasian plates 148 

during the opening of the Atlantic Ocean and the evolution of the Tethys Basin along the northern margin 149 

of the African Plate (Anketell 1996; Guiraud and Bosworth 1997; Ziegler and Roure 1999; Sikander and 150 

Basu 2000).  151 

Organic-rich source rocks in the Sirte Basin were primarily deposited in rapidly subsiding, fault-bounded 152 

troughs during the Triassic, Cretaceous, and early Paleocene. Among these, the Campanian source rocks 153 

are the most widespread and are responsible for generating most of the basin’s discovered hydrocarbons 154 

(Ghori and Mohammed 1996; Ahlbrandt 2001; Abdalla et al. 2023b).  Hydrocarbon migration occurred 155 

both vertically and laterally through rift-related faults and fractures before accumulation within structural 156 

and combined traps on platform highs (Gumati and Nairn 1991; Hallett 2016).  157 

The tectono-stratigraphic evolution of the Sirte Basin can be divided into three main phases: pre-rift, syn-158 

rift, and post-rift. The pre-rift phase was characterized by initial crustal stretching and deposition of thick 159 

sandstone successions, including the Amal, Bahi, and Nubian formations, which later became important 160 

reservoir rocks in several oil fields (Gumati and Schamel 1988; Hallett 2002). The syn-rift phase was 161 

characterized by intense tectonic activity, marine transgression, and rapid subsidence, resulting in the 162 

deposition of thick carbonate and organic-rich shale sequences, such as the Rachmat Formation 163 

(Ahlbrandt 2001; Sikander and Basu 2006).  The post-rift phase was dominated by Paleocene to Miocene 164 
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carbonate and shale deposition under varying marine environments, accompanied by continued 165 

subsidence and fault reactivation (Anketell 1996; Guiraud and Bosworth 1997) (Fig. 3). 166 

The Hagfah Shale, which is the focus of this study, is composed predominantly of dark-grey to grey 167 

calcareous shale enriched with planktonic foraminifera (Fig. 5). It is characterized by fissile shale with 168 

variable carbonate content and locally organic-rich intervals, reflecting variations in depositional 169 

environment, sedimentation rate, and organic-matter preservation. 170 

 171 

 172 

Fig. 2. A) Revealing the main sedimentary basins and faults in Libya (modified after Conant and 173 

Goudarzi 1967; Mohammed et al. 2022; Abdalla et al. 2023a, b, 2025).  B) Tectonic framework of the 174 

Sirte Basin (Abdalla et al. 2025). C) West-east structural cross-section through the Sirte Basin depicting 175 

the major structural components (Roohi 1996).  176 
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 177 

Fig. 3: Generalized stratigraphic column of the Sirte Basin showing the main stratigraphic units, 178 

including the studied source-rock intervals (indicated by red stars). The figure also illustrates the key 179 

elements of petroleum systems, where S.R., R.R., and S.L. represent the source rock, reservoir rock, and 180 

seal rock, respectively. The figure highlights major sea-level fluctuations and the principal rifting events 181 

that controlled basin evolution. Rift-stage boundaries follow Harding's (1984) classification. The figure 182 

has been modified from multiple published sources (Albriki et al. 2021). 183 

 184 
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 185 

Fig. 4. Lithostratigraphy columns of the investigated wells: a) well F12-20, b) well P1-6, c) well EEE1-186 

6, d) well D194, e) well OO1-6, and f) well K1-12 187 

3. Methodology  188 

The dataset used in this work was provided by Sirte Oil Company, El-Brega, Libya. The company 189 

collected, documented, and processed all samples throughout drilling operations. Bagged ditch-cutting 190 

samples from the Sirte Basin's Hagfah Shale interval were used in the investigation. A total of 83 cutting 191 

samples were selected to represent the source-rock intervals of the Hagfah Shale across several wells and 192 

structural settings within the study area (Table 1). The samples were taken from the wells and depth 193 

intervals described below. All samples underwent a series of preparation steps to minimize contamination 194 

and ensure analytical accuracy. The ditch cuttings were thoroughly cleaned with tap water to remove 195 

drilling mud and other contaminants. The cleaned samples were then dried at 80°C to eliminate any 196 

organic drilling additives. Following drying, each sample was cleaned with cold dichloromethane (DCM) 197 

to remove any residual hydrocarbons that could affect geochemical measurements. The samples were 198 

then air-dried and mechanically crushed into a fine powder with a particle size of 100 mesh or smaller. 199 
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Representative splits of the powdered material were then prepared for TOC measurement and Rock-Eval 200 

pyrolysis. TOC determination was done using a LECO SC-344 carbon analyzer with an infrared detector. 201 

In this process, organic carbon is oxidized to CO2, which is detected with the infrared detector. The 202 

results of the TOC analyses show the organic content of the shale samples, which is one of the major 203 

parameters in source rock evaluation. 204 

A Rock-Eval II pyrolysis device was used, which included a flame ionization detector (FID) and a 205 

thermal conductivity detector (TCD). Each measurement used around 100 mg of powdered material. The 206 

analytical technique began with an isothermal stage at 300 °C for 3 min, thereby releasing free 207 

hydrocarbons (S₁). Thermally cracked hydrocarbons (S₂) and carbon dioxide (S₃) were produced and 208 

measured after increasing the temperature to 600 °C at a rate of 25 °C per minute. 209 

Geochemical data from TOC % and Rock-Eval pyrolysis analyses were used to evaluate several key 210 

aspects of the Hagfah Shale's source-rock characteristics, including organic matter abundance and 211 

quality, kerogen type and hydrocarbon generation potential, thermal maturity, depositional environment, 212 

and unconventional hydrocarbon resource potential. These indicators provide a comprehensive 213 

assessment of petroleum source-rock properties and the hydrocarbon potential of the Hagfah Shale 214 

interval in the Sirte Basin. The Rock–Eval analysis that was used in this work includes: S₁: free 215 

hydrocarbons present in the rock, S₂: hydrocarbons generated from thermal cracking of kerogen, S₃: CO₂ 216 

released during pyrolysis, Tmax: temperature at maximum hydrocarbon generation, Hydrogen Index 217 

(HI), and Production Index (PI). These parameters were used to evaluate organic matter richness, kerogen 218 

type, and thermal maturity of the Hagfah Shale samples. 219 

 220 

Table 1: Distribution and thickness of the Hagfah Shale in the studied wells. 221 

4. Results and Discussion  222 

4.1. Geochemical techniques  223 

Several factors are used to assess source rock characteristics, including the quantity and quality of organic 224 

matter (TOC%), hydrocarbon generation potential (e.g., S1 and S2), and the type of organic matter 225 

(kerogen). Furthermore, thermal maturity is evaluated to determine the level of organic matter 226 

transformation and its capacity for hydrocarbon generation. 227 

Structural Domain Well Depth Interval (ft) Thickness (ft)
Dahra Hofra Platform F12-20 5230–7100 1870

Meanzel Ridge P1-6 5060–5960 900
Jahama Platform EEE1-6 7750–8660 910
Zaltan Platform D1-94 7050–8380 1330
Hateiba Ridge OO1-6 8970–9550 580

Ajdabiya Trough K1-12 9380–10750 1370
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Table 2. Geochemical (Rock–Eval) data for the Hagfah Shale in the Dahra Hofra Platform (Well F12-228 

20). 229 

 230 

Table 3: Geochemical (Rock–Eval) data for the Hagfah Shale in the Meanzel Ridge (Well P1-6) 231 

 232 

Depth S1 S2 S3 PI S2/S3 TOC% Tmax°C HI OI RO% OSI

5230-5300 0.05 0.1 0.5 0.33 0.2 0.25 416 40.0 200.0 0.318 20.0
     

5300-5370 0.07 0.15 0.52 0.32 0.29 0.25 422 60.0 208.0 0.426 28.0
      

5370-5440 0.06 0.12 0.53 0.33 0.23 0.25 423 48.0 212.0 0.444 24.0
     

5440-5540 0.08 0.13 0.52 0.32 0.25 0.21 423 61.9 247.6 0.444 38.1
     

5540-5620 0.07 0.15 0.53 0.32 0.28 0.27 418 55.6 196.3 0.354 25.9
     

5620-5690 0.07 0.17 0.48 0.32 0.35 0.2 423 85.0 240.0 0.444 35.0
      

5690-5860 0.07 0.2 0.46 0.26 0.43 0.28 424 71.4 164.3 0.462 25.0
     

5860-5930 0.07 0.2 0.59 0.26 0.34 0.4 424 50.0 147.5 0.462 17.5
     

5930-6000 0.09 0.26 0.56 0.21 0.46 0.43 428 60.5 130.2 0.534 20.9
     

6000-6070 0.08 0.37 0.61 0.2 0.61 0.46 423 80.4 132.6 0.444 17.4
     

6070-6170 0.16 0.28 0.72 0.22 0.39 0.42 427 66.7 171.4 0.516 38.1
     

6850- 6920 0.19 0.49 0.78 0.25 0.63 0.5 424 98.0 156.0 0.462 38.0
     

6920-6980 0.12 0.99 0.58 0.16 1.71 0.7 432 141.4 82.9 0.606 17.1
     

6980-7040 0.17 0.68 0.38 0.15 1.79 0.6 432 113.3 63.3 0.606 28.3
     

7040-7100 0.15 0.95 0.45 0.15 2.11 0.63 424 150.8 71.4 0.462 23.8
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 233 

Table 4: Geochemical (Rock–Eval) data for the Hagfah Shale in the Jahama Platform (Well EEE1-6) 234 

 235 

Depth S1 S2 S3 PI S2/S3 TOC% Tmax°C HI OI RO% OSI

5060-5120 0.13 0.8 0.5 0.14 1.6 0.54 420 148.15 92.59 0.39 24.07
     

5120-5180 0.08 0.25 0.61 0.22 0.4 0.33 430 75.76 184.85 0.57 24.24
     

5180-5240 0.07 0.27 0.35 0.24 0.8 0.31 423 87.10 112.90 0.444 22.58
     

5240-5300 0.07 0.22 0.37 0.29 0.6 0.32 423 68.75 115.63 0.444 21.88
     

5300-5360 0.11 0.17 0.34 0.41 0.5 0.36 424 47.22 94.44 0.462 30.56
     

5360-5420 0.13 0.2 0.38 0.39 0.5 0.38 446 52.63 100.00 0.858 34.21
     

5420-5480 0.12 0.27 0.41 0.31 0.7 0.34 444 79.41 120.59 0.822 35.29
     

5480-5540 0.13 0.3 0.43 0.29 0.7 0.24 424 125.00 179.17 0.462 54.17
     

5540-5600 0.11 0.27 0.41 0.23 0.7 0.27 423 100.00 151.85 0.444 40.74
     

5600-5660 0.08 0.27 0.34 0.26 0.8 0.33 427 81.82 103.03 0.516 24.24
     

5660-5720 0.1 0.29 0.41 0.24 0.7 0.33 428 87.88 124.24 0.534 30.30
      

5720-5780 0.1 0.37 0.29 0.23 1.3 0.34 427 108.82 85.29 0.516 29.41
     

5780-5840 0.08 0.27 0.41 0.3 0.7 0.4 428 67.50 102.50 0.534 20.00
      

5840-5900 0.08 0.19 0.42 0.28 0.5 0.37 429 51.35 113.51 0.552 21.62
     

5900-5960 0.13 0.33 0.33 0.22 1.0 0.48 429 68.75 68.75 0.552 27.08

Depth S1 S2 S3 PI S2/S3 TOC% Tmax°C HI OI RO% OSI

7750-7800 0.48 1.36 0.41 0.26 3.32 0.46 428 295.65 295.65 0.53 104.35
     

7800-7860 0.96 1 0.62 0.49 1.61 0.42 430 238.10 238.10 0.57 228.57
     

7860-7920 0.45 0.98 0.48 0.31 2.04 0.58 428 168.97 168.97 0.53 77.59
     

7920-7980 0.42 0.96 0.47 0.3 2.04 0.56 428 171.43 171.43 0.53 75.00
     

7980-8040 0.41 0.61 0.49 0.4 1.24 0.49 428 124.49 124.49 0.53 83.67
     

8040-8100 0.25 0.45 0.5 0.34 0.90 0.48 430 93.75 93.75 0.57 52.08
     

8100-8140 0.29 0.61 0.44 0.35 1.39 0.55 428 110.91 110.91 0.53 52.73
     

8140-8200 0.25 0.69 0.48 0.36 1.44 0.48 420 143.75 143.75 0.39 52.08
     

8200-8280 0.29 0.37 0.58 0.36 0.64 0.47 426 78.72 78.72 0.50 61.70
     

8280-8340 0.34 0.56 0.46 0.34 1.22 0.36 432 155.56 155.56 0.61 94.44
     

8340-8400 0.38 0.37 0.55 0.31 0.67 0.35 432 105.71 105.71 0.61 108.57
      

8400-8460 0.19 0.53 0.28 0.3 1.89 0.17 435 311.76 311.76 0.66 111.76
     

8460-8520 0.25 0.59 0.4 0.33 1.48 0.34 432 173.53 173.53 0.61 73.53
     

8520-8580 0.16 0.69 0.8 0.32 0.86 0.45 432 153.33 153.33 0.61 35.56
     

8580-8660 0.28 0.42 0.59 0.34 0.71 0.36 431 116.67 116.67 0.59 77.78
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Table 5: Geochemical (Rock–Eval) data for the Hagfah Shale in the Zaltan Platform (Well D194) 236 

 237 

Table 6: Geochemical (Rock–Eval) data for the Hagfah Shale in the Hateiba Ridge (Well OO1-6) 238 

 239 

Table 7: Geochemical (Rock–Eval) data for the Hagfah Shale in the Ajdabiya Trough (Well K1-12) 240 

Depth S1 S2 S3 PI S2/S3 TOC% Tmax°C HI OI RO% OSI

7050-7140 0.05 0.53 0.42 0.09 1.26 0.47 437 112.8 89.36 0.70 10.64
     

7140-7230 0.07 0.33 0.41 0.18 0.80 0.37 431 89.2 110.81 0.59 18.92
     

7230-7320 0.06 0.23 0.37 0.21 0.62 0.31 427 74.2 119.35 0.52 19.35
      

7320-7410 0.05 0.17 0.38 0.23 0.45 0.34 429 50.0 111.76 0.55 14.71
     

7410-7500 0.08 0.19 0.39 0.3 0.49 0.22 427 86.4 177.27 0.52 36.36
     

7500-7590 0.04 0.17 0.35 0.21 0.49 0.31 434 54.8 112.90 0.64 12.90
     

7590-7680 0.05 0.15 0.31 0.19 0.48 0.44 439 34.1 70.45 0.73 11.36
     

7680-7950 0.06 0.21 0.44 0.19 0.48 0.49 438 42.9 89.80 0.71 12.24
     

7950-8020 0.04 0.25 0.46 0.15 0.54 0.37 436 67.6 124.32 0.68 10.81
     

8020-8080 0.03 0.22 0.45 0.19 0.49 0.35 434 62.9 128.57 0.64 8.57
     

8080-8140 0.04 0.13 0.42 0.24 0.31 0.4 433 32.5 105.00 0.62 10.00
     

8140-8200 0.05 0.16 0.45 0.26 0.36 0.33 436 48.5 136.36 0.68 15.15
     

8200-8260 0.03 0.14 0.38 0.29 0.37 0.22 440 63.6 172.73 0.75 13.64
     

8260-8320 0.04 0.13 0.45 0.2 0.29 0.32 444 40.6 140.63 0.82 12.50
     

8320-8380 0.05 0.11 0.46 0.29 0.24 0.36 440 30.6 127.78 0.75 13.89

Depth S1 S2 S3 PI S2/S3 TOC % Tmax OC HI OI OSI

8970-9000 1.3 0.72 0.48 0.65 1.5 0.72 402 100 66.67 180.556
    

9050-9100 1 0.69 0.47 0.6 1.47 0.71 370 97.18 66.20 140.845
    

9150-9200 0.76 0.7 0.51 0.52 1.37 0.69 357 101.45 73.91 110.145
    

9250-9300 0.7 0.45 0.44 0.61 1.02 0.74 375 60.81 59.46 94.5946
    

9350-9400 0.48 0.43 0.55 0.53 0.78 0.57 366 75.44 96.49 84.2105
    

9450-9500 0.45 0.37 0.52 0.55 0.71 0.67 373 55.22 77.61 67.1642
    

9500-9550 0.54 0.4 0.47 0.47 0.85 0.67 361 59.70 70.15 80.597
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 241 

4.1.1 Quality of organic matter and type of organic matter  242 

The total organic carbon (TOC %) content of rock samples is a key parameter for evaluating the potential 243 

of sediments as petroleum source rocks. A widely used classification system was proposed by Peters 244 

(1986) and later refined by Peters and Cassa (1994), integrating TOC % with Rock–Eval pyrolysis 245 

parameters (S1 and S2). 246 

Based on the data in Tables 2-7, the TOC values of the Hagfah Shale across different structural settings 247 

generally indicate low organic richness. In the Dahra Platform (Well F12-20), TOC% ranges from 0.21 248 

to 0.60%, whereas in the Meanzel Ridge (Well P1-6), it ranges from 0.31 to 0.54%. Similarly, the Zaltan 249 

Platform (Well D194) shows TOC % values between 0.22 and 0.49 wt.%, and the Jahama Platform (Well 250 

EEE1-6) ranges from 0.16 to 0.58 %. These values indicate predominantly poor source rock quality (Fig. 251 

5a).  252 

In contrast, slightly higher TOC wt.% values are observed in the Hateiba Ridge 9 (Well OO1-6), ranging 253 

from 0.57 to 0.72 %, and in the Ajdabiya Trough (Well K1-12), where TOC % ranges from 0.35 to 0.83 254 

% (Fig. 5a). These intervals suggest poor to fair source rock, with occasional improvement in organic 255 

richness. This interpretation is further supported by the bivariate plot of TOC % vs. S2 (Fig. 5b) 256 

(Dembicki 2009). In general, the Hagfah Shale in the investigated wells is characterized by poor to 257 

marginal source-rock quality (Peters and Cassa 1994), with only limited intervals approaching fair 258 

potential under standard TOC % classification schemes. According to S1 results, the Hagfah Shale in the 259 

Depth S1 S2 S3 PI S2/S3 TOC% Tmax°C HI OI RO% OSI

9380-9470 0.15 0.81 0.35 0.16 2.31 0.35 424 231.43 100 0.462 42.86
     

9480-9550 0.38 1 0.6 0.27 1.67 0.47 432 212.77 127.66 0.606 80.85
     

9570-9620 0.25 0.93 0.5 0.21 1.86 0.52 433 178.85 96.15 0.624 48.08
     

9630-9692 0.22 1.59 0.47 0.12 3.38 0.76 437 209.21 61.84 0.696 28.95
     

9710-9780 0.18 1.19 0.45 0.13 2.64 0.76 437 156.58 59.21 0.696 23.68
     

9790-9860 0.18 1.33 0.66 0.12 2.02 0.77 437 172.73 85.71 0.696 23.38
      

9870-9942 0.27 1 0.38 0.2 2.63 0.55 437 181.82 69.09 0.696 49.09
     

9950-10040 0.29 1.15 0.55 0.2 2.09 0.65 434 176.92 84.62 0.642 44.62
     

10050-10150 0.21 1.28 0.38 0.14 3.37 0.33 434 387.88 115.15 0.642 63.64
      

10160-10240 0.23 1.23 0.46 0.16 2.67 0.62 434 198.39 74.19 0.642 37.10
     

10250-10320 0.18 0.87 0.44 0.17 1.98 0.51 433 170.59 86.27 0.624 35.29
     

10330-10410 0.17 0.16 0.42 0.1 0.38 0.47 432 34.04 89.36 0.606 36.17
     

10420-10490 0.25 1.26 0.45 0.15 2.80 0.83 435 151.81 54.22 0.66 30.12
     

10490-10560 0.35 1 0.37 0.15 2.70 0.53 435 188.68 69.81 0.66 66.04
      

10660-10750 0.4 1.1 0.45 0.24 2.44 0.76 436 144.74 59.21 0.678 52.63
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Hateiba Ridge (Well OO1-6) ranges from 0.45 to 1.3 mg HC/g rock, indicating primarily fair source rock 260 

quality (Peters and Cassa 1994). In contrast, the remaining wells have S1 values below 0.5 mg HC/g 261 

rock, indicating poor free hydrocarbon content (Fig. 6a). S2 levels in all examined samples from the 262 

studied wells were less than 2.5 mg HC/g rock, indicating poor generative potential (Fig. 6 b). This shows 263 

that, despite minor differences in S1, the Hagfah Shale's total hydrocarbon-generating capacity is limited. 264 

The S1 vs. TOC % plot (Fig. 7) distinguishes between nonindigenous (allochthonous) and indigenous 265 

(autochthonous) hydrocarbons (Rabbani and Kamali 2005; Ghori and Haines 2007). This relationship 266 

indicates that the Hagfah Shale samples from all wells contain autochthonous hydrocarbons, suggesting 267 

that the oil in the studied wells has not migrated. 268 

 269 

Fig. 5: a) Classification of TOC % in the investigated wells (Peters and Cassa 1994) and b) Plot of TOC 270 

% vs. S2 revealing the organic matter quality for the Hagfa Shale (modified from Dembicki 2009). 271 

 272 

Fig. 6: a) S1 Parameter grading and organic matter quality, and b) S2 parameter grading and organic 273 

matter quality in the studied wells (Peters and Cassa 1994). 274 
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 275 

Fig. 7: Relationship between TOC % and S1 showing autochthonous kerogen in the studied wells 276 

(Rabbani and Kamali 2005). 277 

The classification of kerogen based on Hydrogen Index (HI) values follows the scheme proposed by 278 

Peters and Cassa (1994). According to this classification, kerogen types are defined as follows: Type I 279 

(HI > 600 mg HC/g TOC, oil-prone), Type II (HI = 300–600 mg HC/g TOC, mainly oil-prone), Type 280 

II/III (HI = 200–300 mg HC/g TOC, mixed oil- and gas-prone), Type III (HI = 50–200 mg HC/g TOC, 281 

gas-prone), and Type IV (HI < 50 mg HC/g TOC, non-generative or inert). In this work, we used the 282 

Longford and Blanc-Valleron (1990) and Bordenave et al. (1993)  kerogen type diagrams, which plot 283 

TOC (%) vs. S2. The HI-based classification of the analyzed samples (Fig. 8a) indicates that the Hagfah 284 

Shale in the Dahra Hofra Platform (Well F12-20), Meanzel Ridge (Well P1-6), and Hateiba Ridge (Well 285 

OO1-6) is predominantly characterized by Type III kerogen, indicating gas-prone organic matter. The 286 

Hagfah shale on the Zaltan Platform (Well D194) contained Type III with minor Type IV, indicating 287 

gas-prone, dry-gas organic matter. In contrast, the Jahama Platform (Well EEE1-6) and the Ajdabiya 288 

Trough (Well K1-12) exhibit mainly Type III kerogen with minor contributions from Type II/III, 289 

suggesting a predominantly gas-prone system with limited oil-prone characteristics. The relationship 290 

between TOC wt.% and S2 further supports the above interpretation (Fig. 8b), as the generally low S2 291 

values associated with low TOC wt.% indicate limited hydrocarbon-generation potential. 292 

 293 
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Fig. 8: a) Classification of HI (Peters and Cassa 1994). b) Plot TOC % vs. S2, revealing the kerogen types 294 

of Hagfah Shale in the studied wells (modified from Longford and Blanc-Valleron 1990). 295 

4.1.2. Generating potentialities  296 

The hydrocarbon generation potential of a source rock can be evaluated using Rock–Eval pyrolysis data. 297 

The genetic potential (GP) is defined as the sum of S1 and S2 values (GP = S1 + S2). According to Hunt 298 

(1996), source rocks with GP values < 2 mg HC/g rock are classified as having poor generation potential; 299 

those between 2 and 5 mg HC/g rock as fair; between 5 and 10 mg HC/g rock as good; and values > 10 300 

mg HC/g rock as very good. The relationship between TOC % and GP (S1 + S2) supports this 301 

classification (El Nady et al. 2016). The results indicate that the studied samples can be classified as 302 

having poor hydrocarbon generation potential, as most values fall within the poor category (Fig. 9). 303 

Furthermore, the TOC % vs. S1 + S2 and TOC % vs. HI plots show that the shale samples are 304 

predominantly within the poor potential field (Fig. 10a and b), confirming their limited generative 305 

capacity. 306 

 307 

Fig. 9: The hydrocarbon generation potential S1+S2 of investigated samples (Hunt 1996). 308 

 309 
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Fig. 10: Plot of the genetic potential (S1 + S2) vs. TOC % for potential source rock (El Nady et al. 2016). 310 

b) Plot of the TOC % vs. HI in the studied wells (Jackson et al. 1985). 311 

4.1.3. Thermal maturity based on production index (PI) and Tmax °C 312 

Thermal maturity is an important characteristic for determining the hydrocarbon production potential of 313 

source rocks because it indicates the extent of organic material transformation during burial and heating. 314 

Rock-Eval pyrolysis provides key indicators of thermal maturity, particularly Tmax (°C; the temperature 315 

at which maximal hydrocarbon formation occurs) and the Production Index (PI = S1 / (S1 + S2)) (Peters 316 

1986; Hunt 1996). Tmax °C is commonly used to assess thermal maturity, with values below 435°C 317 

indicating immature organic matter, values between 435°C and 455°C corresponding to the oil window, 318 

and values above 455°C indicating late maturity to overmaturity (Peters & Cassa 1994). Similarly, the 319 

Production Index (PI) increases with maturity; values less than 0.1 indicate immature conditions, values 320 

between 0.1 and 0.4 indicate active hydrocarbon generation, and values larger than 0.4 indicate advanced 321 

maturity or potential migrating hydrocarbons (Hunt 1996). A cross-plot of PI vs. Tmax °C is commonly 322 

used to assess maturity trends and discriminate among immature, mature, and overmature source rocks. 323 

In the present study, based on Tmax°C classification, the Hagfah shale in the Zaltan Platform (Well 324 

D194) and the Ajdabiya Trough (Well K1-12) fall within the early mature stage (oil window), whereas 325 

the other studied wells are generally immature to marginally mature (Fig. 11a). Production Index (PI) 326 

statistics further confirm this finding. The Ajdabiya Trough (Well K1-12) falls within the prospective 327 

migrated hydrocarbon field, implying hydrocarbon migration or contamination impacts. In contrast, the 328 

other wells are mainly located within the active hydrocarbon-generation zone, indicating early-stage in 329 

situ hydrocarbon generation (Fig. 11b). Well, K1-12 shows evidence of increased maturity or 330 

hydrocarbon migration; the overall thermal maturity of the Hagfah Shale across the study region is low 331 

to moderate. This is consistent with the generally poor or marginal hydrocarbon-generation potential 332 

inferred from TOC % and S2 data. A cross-plot of PI vs. Tmax °C supports the above interpretation (Fig. 333 

12). 334 

 335 

Fig. 11: Classification of thermal maturity Tmax °C (Peters and Cassa 1994), b) Classification of thermal 336 

maturity based on PI (Hunt 1996). 337 
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 338 

Fig. 12: Relationship of Tmax °C vs. PI for thermal maturity of the Hagfah Shale in the investigated 339 

wells (modified from Waples 1985 340 

4.1.4 Cluster analysis of the Hagfah Shale in the investigated wells  341 

Cluster analysis partitions a sample into homogeneous classes, yielding operational classification. In this 342 

work, we used hierarchical clustering. This is the primary statistical strategy for identifying similar 343 

clusters of cases based on measurable characteristics. The method divides the examples into groups and 344 

sequentially merges them, reducing the number of clusters until only one remains. The clustering 345 

approach groups things based on their dissimilarity or distance. The SPSS application calculates 346 

'distances' between data points using specified variables. SPSS allows for the creation of a dendrogram, 347 

a hierarchical tree diagram that depicts linkage (Edwards et al. 1999; Murtagh and Legendre 2014; El 348 

Nady et al. 2015). Hierarchical cluster analysis was applied to the samples to classify the Hagfah Shale 349 

into distinct geochemical groups that reflect variations in organic matter characteristics, thermal maturity, 350 

and hydrocarbon generation potential (Figs. 13 and 14; Tables 8-13). 351 
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 352 

Fig. 13: Hierarchical cluster analysis dendrogram using average linkage (between groups) for a) Well 353 

F12-20, b) Well P1-16 and Well EEE1-6. 354 

 355 

Fig. 14: Hierarchical cluster analysis dendrogram using average linkage (between groups) for a) Well 356 

D1-94, b) Well OO1-6, and c) Well K1-12 357 
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Table 8: Geochemical characteristics and source rock classification of the Hagfah Shale in Well F12-20358 

 359 

Table 9: Geochemical characteristics and source rock classification of the Hagfah Shale in Well P1-6 360 

 361 

Table 10: Geochemical characteristics and source rock classification of the Hagfah Shale in Well EEE1-362 

6 363 

 364 

Table 11: Geochemical characteristics and source rock classification of the Hagfah Shale in Well D1-94 365 

366 

Table 12: Geochemical characteristics and source rock classification of the Hagfah Shale in Well OO1-367 

6 368 

 369 

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I 5860–6920 Middle interval Transitional zone with relatively Consistent but poor source
uniform geochemical behavior;  rock quality; limited hydrocarbon 

moderate TOC; similar Rock–Eval generation potential
 parameters

II 5230–5860 Shallow interval Slightly lower thermal maturity than Group I; Poor source rock quality and limited 
lower Tmax; OI = 130–171.4 mg CO₂/g TOC; hydrocarbon generation potential
TOC = 0.28–0.50 wt.% with a slight increase 

with depth
III 6980–7100 Deepest interval Highest thermal maturity; Tmax = 424–432°C; Thermally mature but no significant 

Ro = 0.8–1.1%; entered the oil window; improvement in hydrocarbon
variable organic matter characteristics  generation potential

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I 5060–5660 Shallow to Relatively uniform geochemical properties; Poor source rock quality and limited
mid-depth  low TOC and S2 values  hydrocarbon generation potential

II 5660–5780 Transitional Slight increase in TOC; Slight improvement in organic richness
 zone  S2 = 0.27–0.39 mg HC/g rock;  and generative potential, but overall

 HI = 87–108 mg HC/g TOC poor sourceock quality
III 5780–5960 Deepest interval Higher thermal maturity; Tmax = 428–429°C; Early-mature source rock with limited 

S2/S3 = 0.5–1.0; Ro ≈ 0.5% (early mature) hydrocarbon generation potential

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I  7750–8100  Shallow  Tmax = 428–430°C; HI = 93–295 mg HC/g TOC Gas-prone to minor oil-prone source rock
  mixed Type II/III to Type III kerogen  with relatively higher hydrogen richness

II  8100–8460  Middle interval Moderate variation in TOC; Tmax = 426–435°C; Increasing thermal maturity with 
 Ro = 0.33–0.66%; progressive increase in moderate source rock quality

thermal maturity with depth
III  8460–8660 Deepest interval Greater geochemical variability Early-mature source rock with limited 

relatively higher S3 values (0.4–0.8 mg CO₂/g rock hydrocarbon generation potential
continued increase in thermal maturity

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I  7050–7410  Shallow  TOC = 0.22–0.47 wt.%; Ro = 0.52–0.70%; Gas-prone source rock with poor organic richness 
 relatively uniform geochemical properties; and limited hydrocarbon generation potential

predominantly Type III kerogen
II 7950–8200 Middle interval Tmax = 434–439°C; Ro = 0.64–0.84%; Degraded organic matter dominated

HI = 42–64 mg HC/g TOC; more thermally mature  by mixed Type IV–III kerogen with poor 
 than Group I generative potential

III 8200–8300 Deep interval Highest thermal maturity; Tmax = 440–444°C; Most mature interval, dominated by inert Type 
 Ro = 0.75–0.82%; TOC = 0.22–0.36 wt.% IV kerogen with negligible hydrocarbon

 generation potential

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I 8970–9200  Shallow  TOC = 0.69–0.72 wt.%; Better organic richness and hydrocarbon
  S2/S3 = 1.37–1.50; relatively low Tmax  generation potential than 

Group 2, although the organic matter 
II 9200–9550 Deep interval Lower TOC and lower S2/S3 ratio Poorer organic richness and 

reduced hydrocarbon generation 
potential compared to Group 1
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Table 13: Geochemical characteristics and source rock classification of the Hagfah Shale in Well K1-12 370 

 371 

4.1.5. Paleo-depositional and redox conditions of the Hagfah Shale 372 

The depositional environments indicated by Jones’s (1987) HI-OI categorization provide important 373 

insights into the variety of organic matter types, preservation conditions, and overall source rock quality 374 

across the investigated wells. The Hagfah Shale found on the Dahra Hofra Platform (Well F12-20), 375 

Meanzel Ridge (Well P1-6), Zaltan Platform (Well D1-94), and Hateiba Ridge (Well OO1-6) is primarily 376 

associated with mixed Zone D-CD conditions. These zones show deposition in predominantly oxidizing 377 

to transitional settings, spanning terrestrial to deep-oceanic environments near orogenic highs, where 378 

variable redox conditions influenced organic matter preservation (Tyson 1995; Peters and Cassa 1994; 379 

Awadh 2025). Zone D exhibits highly oxidizing, terrestrially affected settings, whereas Zone CD reflects 380 

transitional conditions with considerable marine influence (Jones 1987). In contrast, the Hagfah Shale in 381 

the Jahama Platform (Well EEE1-6) was deposited at moderate sedimentation rates in relatively reducing 382 

conditions (Fig. 15), corresponding primarily to Zone CD, which reflects deeper-marine environments 383 

with higher organic matter preservation. Similarly, the Ajdabiya Trough (Well K1-12) shows deposition 384 

under moderate sedimentation in a reducing environment, implying better conditions for organic matter 385 

preservation than in more oxidized settings (Demaison and Moore 1980; Fares et al. 2026). The kerogen 386 

distribution based on the HI classification supports these environmental interpretations. The Hagfah 387 

Shale in Dahra Hofra Platform (Well F12-20), Meanzel Ridge (Well P1-6), and Hateiba Ridge (Well 388 

OO1-6) is dominated by Type III kerogen, indicating that the organic matter is primarily gas-prone and 389 

derives from terrestrial input (Peters et al. 2005). Type III kerogen with little Type IV is observed on the 390 

Zaltan Platform (Well D1-94), indicating gas-prone to inert organic materials with a higher degree of 391 

oxidation (Tissot and Welte 1984). In contrast, the Jahama Platform (Well EEE1-6) and Ajdabiya Trough 392 

(Well K1-12) contain primarily Type III kerogen with minor Type II/III contributions, indicating a mixed 393 

terrestrial-marine origin and gas-prone characteristics with limited oil-generating potential (Hunt 1996; 394 

Peters et al. 2005). In general, the integrated geochemical analysis and depositional environments show 395 

that variations in sedimentation rates, redox conditions, and proximity to terrestrial input sources have a 396 

primary influence on organic matter type and preservation, ultimately governing the Hagfah Shale's 397 

hydrocarbon generation potential across different structural settings (Tyson 1995; Tissot and Welte 398 

1984). 399 

Group Depth Interval (ft) Relative Position Geochemical Characteristics Source Rock Assessment

I 9839–10040  Shallow  HI = 172–387 mg HC/g TOC; Mixed Type II–III and Type III kerogen
 Tmax = 432–437°C  with both oil- and gas-prone potential; 

organic matter is in the early mature stage
II 10050–10410 Middle interval TOC = 0.47–0.62 wt.%; Tmax = 432–434°C Predominantly Type III kerogen with

 limited TOC variation; thermally immature and
 mainly gas-prone.

III 10420–10750 Deep interval TOC = 0.53–0.83 wt.%; Tmax = 435–436°C Higher organic richness and maturity 
within the oil window, indicating favorable

 conditions for hydrocarbon generation
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 400 

Fig. 15: Jones’ (1987) diagram illustrating the depositional environments of organic matter in the studied 401 

wells. Zone (A) corresponds to highly reducing lacustrine settings; Zone (AB) represents reducing, 402 

prograding marine environments; Zone (B) reflects relatively reducing marine–lacustrine conditions; 403 

Zone (BC) characterizes mixed marine–terrestrial environments with high sedimentation rates under 404 

relatively oxidizing conditions; Zone (C) denotes moderate sedimentation in a reducing environment; 405 

Zone (CD) corresponds to deep marine settings adjacent to orogenic hotspots; and Zone (D) represents 406 

highly oxidizing, terrestrially influenced environments (Jones 1987). 407 

4.1.6 Oil saturation index of the Hagfah Shale  408 

The Oil Saturation Index (OSI = S1 × 100/TOC) is a key geochemical parameter used to evaluate the 409 

number of free hydrocarbons retained within source rocks and potential reservoirs (Jarvie et al. 2007; 410 

Jarvie 2012). OSI values below 100 mg HC/g TOC are generally considered indicative of low oil 411 

saturation and limited reservoir potential. In contrast, values approaching or exceeding this threshold 412 

suggest improved oil retention and potential producibility. The Oil Saturation Index (OSI) results for the 413 

Hagfah shaleh Shale show generally low values (<100 mg HC/g TOC) in the Dahra Hofra Platform (Well 414 

F12-20), Meanzel Ridge (Well P1-6), Zaltan Platform (Well D1-94), and Ajdabiya Trough (Well K1-415 

12), indicating low hydrocarbon saturation and limited oil potential. Compared to that, the Jahama 416 

Platform (Well EEE1-6) and Hateiba Ridge (Well OO1-6) exhibit intervals with OSI values greater than 417 

100 mg HC/g TOC (Fig. 16), indicating localized hydrocarbon enrichment and improved retention 418 

potential (Jarvie et al. 2007; Jiang et al. 2017). The Hagfah Shale's dominance of Type III kerogen, low 419 

TOC content, and typically low Oil Saturation Index (OSI) values indicate that it is predominantly gas-420 

prone, has limited shale-oil potential, and can be classified as a poor-to-marginal source rock. Its 421 

contribution to the petroleum system is thus likely secondary, producing only trace amounts of 422 

hydrocarbons locally. Significant hydrocarbon accumulations are more likely to be caused by migration 423 

from more effective source rocks than by in-situ (autochthonous) generation (Jarvie et al. 2007; Tissot 424 

and Welte 1984). Therefore, the main finding of this work is that the Hagfah Shale should not be 425 

considered a regionally effective petroleum source rock. However, localized intervals within specific 426 
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structural domains may have sufficient organic richness and hydrocarbon retention to contribute to the 427 

petroleum system. 428 

 429 

Fig. 16: Classification of oil saturation index of the Hagfah Shale in the investigated wells (Jarvie et al. 430 

2007; Jarvie 2012). 431 

4.1.7. Exploration Implications of the Hagfah Shale 432 

According to geochemical findings, the Hagfah Shale typically exhibits low to fair source-rock quality 433 

across all studied structural settings in the Sirte Basin. Primarily Type III kerogen, immature to early-434 

mature thermal conditions, and low Oil Saturation Index (OSI) values, indicating limited hydrocarbon 435 

generation, are characteristic of the majority of wells. The Jahama Platform (Well EEE1-6) and Ajdabiya 436 

Trough (Well K1-12) have comparatively better source rock features due to higher levels of thermal 437 

maturity and organic matter preservation. With all factors considered, the Hagfah Shale is regarded as a 438 

moderately gas-prone source rock, with only isolated periods requiring additional investigation and 439 

comprehensive basin modeling.  440 

5. Conclusions  441 

This work investigates the Rock–Eval pyrolysis characteristics of the Hagfah Shale through different 442 

structural settings within the Sirte Basin in Libya, including Dahra Hofra Platform (Well F12-20), 443 

Meanzel Ridge (Well P1-6), Jahama Platform (Well EEE1-6), Zaltan Platform (Well D194), Hateiba 444 

Ridge (Well OO1-6), and the Ajdabiya Trough (Well K1-12). 445 

The results show that the TOC % values of the Hagfah Shale are generally low across the Dahra Hofra 446 

Platform (Well F12-20), Meanzel Ridge (Well P1-6), Zaltan Platform (Well D194), and Jahama Platform 447 

(Well EEE1-6), indicating low organic matter concentration and hydrocarbon-generation potential. In 448 
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contrast, the Hagfah Shale in the Hateiba Ridge (Well OO1-6) and Ajdabiya Trough (Well K1-12) has 449 

slightly higher TOC values, indicating organic richness ranging from poor to fair.  450 

In contrast, the overall hydrocarbon generation potential remains limited. Based on kerogen 451 

classification, the Hagfah Shale of the Dahra Hofra Platform (Well F12-20), Meanzel Ridge (Well P1-452 

6), and Hateiba Ridge (Well OO1-6) is primarily composed of Type III kerogen, which indicates gas-453 

prone organic materials in immature to early mature conditions. Similarly, the Zaltan Platform (Well 454 

D194) is dominated by Type III kerogen, with very little Type IV, indicating gas-prone to inert organic 455 

matter, immature to mature phases, and limited hydrocarbon-generation capacity.  456 

Conversely, the Hagfah Shale in the Jahama Platform (Well EEE1-6) and the Ajdabiya Trough (Well 457 

K1-12) are composed primarily of Type III kerogen, with minor Type II/III contributions, indicating gas-458 

prone organic matter with minor oil-prone potential, ranging from immature to early mature. The Hagfah 459 

Shale in the Dahra Hofra Platform (F12-20), Meanzel Ridge (P1-6), Zaltan Platform (D194), and Hateiba 460 

Ridge (OO1-6) was deposited in mixed (oxic to sub-oxic) conditions, indicating moderate organic matter 461 

preservation. On the other hand, the Jahama Platform (EEE1-6) and Ajdabiya Trough (K1-12) were 462 

formed under more reducing conditions, indicating deeper marine habitats with improved organic matter 463 

preservation.  464 

The Hagfah Shale in the Dahra Hofra Platform (F12-20), Meanzel Ridge (P1-6), Zaltan Platform (D194), 465 

and Hateiba Ridge (OO1-6) was deposited under mixed (oxic to sub-oxic) conditions, indicating 466 

moderate organic matter preservation, while the Jahama Platform (EEE1-6) and Ajdabiya Trough (K1-467 

12)  were  deposited under reducing conditions, reflecting deeper marine environments with better organic 468 

matter preservation.  469 

The Oil Saturation Index (OSI) values throughout the investigated wells are generally low, indicating 470 

poor hydrocarbon saturation and limited shale-oil potential, as hydrocarbons are not sufficiently retained 471 

within the source rock.  472 
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