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Abstract 

The present work is aimed to evaluate the source rock potential of 

the Turonian-Campanian rocks (i.e. Etal, Rachmat and Sirt formations) 

in the well 2A1-59, Sirte Basin, NE Libya. Based on the Total Organic 
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Carbon values (TOC), the Etal Formation is fair source rock, the 

Rachmat Formation is characterized by good to excellent quality, and the 

Sirt Formation has quality ranging from good to excellent. The Etal 

Formation contains kerogens of type II/III and type IV, whereas the 

Rachmat and Sirte formations are characterized by types II and II-III. 

Based on the Tmax values, the source rocks are classified as thermally 

immature and mature. 

Keywords: Organic Geochemistry, Source Rock, Etal Formation, 

Rachmat Formation, Sirt Formation, Sirte Basin, Libya. 

1. Introduction 

Sirte Basin contains 82% of all the oil and 32% of all the gas found 

in Libya, and consequently has received far more attention than any other 

region. More wells have been drilled in the basin than in the rest of Libya 

put together. The reasons for this are that the Sirte Basin, unlike the 

Kufrah, Murzuq and Ghadamis basins, is principally a Mesozoic and 

Tertiary basin. It contains excellent Cretaceous source rocks which 

reached maturity in the Tertiary, a multitude of good quality reservoirs, 

effective regional seals and structures which for the most part were 

formed before the principal phase of oil migration (1). The troughs in this 

basin are Zallah trough, Al - Kotlah Graben, Maradah trough, Ajdabiya 

trough and   Hameimat trough. In addition, there are many small grabens 

and lows which in different places in Sirte Basin possibly containing 

local source rocks of Sirt Shale (1). The current study aims to evaluate the 

source rock potential of the Turonian-Campanian rocks (i.e. Etal, 

Rachmat and Sirt formations) in the well 2A1-59, Sirte Basin, NE Libya 

(Fig.1). Etal Formation is represented by evaporites, shale and minor 

carbonates deposited, while Sirt and Rachmat formations are represented 

by shale sequence and some of carbonate rocks (Tagrift limestone 
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(Fig.2)). However other studies recognize other Upper Cretaceous source 

rocks contributors within Sirte Basin (e.g., 2; 1; 3; 4; 5, 6). 

 

       Fig.1 Geological map of Sirte Basin showing the location of the study well 

2A1-59 (7). 

2. Objective of the Work  

The main objective of the present work is to determine the 

following: 

 Organic matter richness. 

 Kerogen type. 

 Thermal maturity. 
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Fig.2 Columnar section of the study well 2A1-59. 

3. Petroleum System Overview 

The reservoirs in Sirte Basin are represented by clastic and 

carbonates rocks. The clastic reservoirs are occurred in Cambro- 

Ordovician, while the carbonate reservoirs are occurred in the Upper. The 

Sirte Basin is dominantly vertically migrated petroleum system. Upper 

Cretaceous oil charges multiple reservoirs along the fault zones adjacent 

to horsts and grabens. Sirt shale of Upper Cretaceous is the dominant 

mature source rock in the Sirte Basin petroleum system, this shale is thick 

and preserved in the lows and trough areas scattered in different part of 

west and east of Sirte Basin   Several other potential source rocks have 

been considered. Sealing petroleum system is provided by the Upper 

Cretaceous (shale - argillaceous limestone), Eocene (evaporites) and 
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some other impermeable rocks of other formations. The dominant trap 

style in Sirte Basin is structural type with some of stratigraphic trap or a 

combination of the two types (6). 

4. Materials and Methods 

4.1. Samples  

Twenty ditch cutting samples consisting of shale and calcareous 

shale was collected by the Waha Company from the depth interval 6890 

to 8370 ft. of the well. The samples were analyzed to determine their 

Total Organic Carbon (TOC), and to identify thermal maturity of organic 

matters. The cover samples included Sirt Formation (Campanian), 

Rachmat Formation (Coniacian-Santonian) and Etel Formation (Turonian 

(Fig.2)). 

4.1.1. Preparation of Cutting Samples 

The cutting samples were washed with doubly distilled water and 

dried at room temperature prior to analysis. These samples were ground 

to a fine powder (particle size of <150 μm) using a ring-mill. The TOC 

content was determined on 100mg powered sample using a LECO carbon 

analyzer (CR-412). Rock-Eval pyrolysis was determined on 100mg 

powered sample using an OGE-II rock pyrolyzer.  The initial temperature 

of Rock-Eval pyrolysis was set at 300°C for 3min, then increase to 600°C 

at a rate of 25°C/min. The Rock-Eval parameters including volatile 

hydrocarbon content (S1), remaining hydrocarbon generative potential 

(S2), and temperature at maximum generation (Tmax) values of all samples 

were determined. All analyses used in this work were conducted in 

Arabian Gulf Oil Company (AGOCO) Laboratory. 
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5. Rustles and Discussions 
Table (1). Illustrates the values of total organic carbon and Rock–

Eval pyrolysis for the studied samples of the Etal, Rachmat and Sirt 

formations. The obtained data shows the Etel Formation contents low 

TOC (< 1) reflecting fair quality of source rock, Rachmat Formation 

contains high TOC (<1% - >2%) indicating fair to excellent source rock, 

whereas the Sirt Formation has high TOC content (>2%) is characterized 

by good to excellent source rock. 

Table: 1. Rock- Eval and TOC data for the Etal, Rachmat and Sirt formations in 

the study well 2A1-59. 
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In additional Sirt and Rachmat formations become the most 

promising source rock for hydrocarbon generation as reflected by high 

pyrolysis yield (S2) and total organic carbon (TOC wt %) content. This 

assumption is also supported by the plot of TOC versus S2 (Fig. 3). 

Overall, the relation between genetic petroleum potential (S1 + S2) and 

TOC of the studied samples in well 2A1 59 (Fig.4) confirms the above 

results, indicating  the majority samples from the Sirt and Rachmat 

formations locates in the zone of the potential source rocks for 

hydrocarbon generation, while the Etal Formation locates in the zone of  

non -potential source rock . 

 

Fig.3 Plot of TOC vs. S2 showing the hydrocarbon potentialities for the Etal, 

Rachmat and Sirt formations (fields after 8). 
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Fig.4 Plot of TOC vs. S1+S2 showing the hydrocarbon potentialities the Etal, 

Rachmat and Sirt formations (fields after 9). 

The relationship between the Hydrogen Index (HI) and Oxygen 

Index (OI) reflects that, Etal Formation contains mixed type II, II/III and 

type IV of kerogen where Rachmat and Sirt formations contain type II 

and type II/III kerogen (Figs.5-6). Generally, the majority samples of Sirt 

and Rachmat formations are thermally mature whereas the Etal Formation 

is thermally immature to mature (Fig.7). 
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Fig.5 Plot of OI vs. HI showing the kerogen type for the Etal, Rachmat and Sirt 

formations (fields after 10). 

 

Fig.6 Plot of TOC vs. S2 showing the kerogen type for the Etal, Rachmat and Sirt 

formations (fields after 11). 
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Fig.7 Plot of Tmax vs. HI showing the thermal maturity for the Etal, Rachmat 

and Sirt formations (fields after 6). 
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of source rocks entering the window of oil maturation. Ratios more than 
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Fig.8 Plot of TOC vs. S1 showing the   hydrocarbon type for the Etal, Rachmat 

and Sirt formations (fields after 13). 

6. Conclusions 

Geochemical Rock-Eval and organic carbon analysis (LECO) were 

performed on twenty (20) samples from the Well 2A1-59. The results of 

the analyses led to the following conclusions. 

1- The Etal Formation is poor to fair source rock, Rachmat Formation 

shows fair to excellent source rock while Sirt Formation is mainly 

good to excellent source rock. 

2- The organic matter type of Etal Formation is characterized by mixed 

type II, II/III and type IV of kerogen, whereas the Rachmat and Sirt 

formations are predominant type II and type II/III of kerogen. 
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3- The Etal Formation is classified as non-potential source with thermally 

immature to mature, whereas Rachmat and Sirt formations are 

classified as potential source with thermally mature. 
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