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Abstract— The goal of this work is to discuss the crude 

oil in the Harshah Formation (reservoir) in well C2-NC42 

from Bahr Essalam Field, Sabratah Basin, NW Libya. 

Based on API classification the crude oil samples are 

classified mainly light oil type. The organic matter  is 

characterized by thermally mature and were deposited in 

an open marine environment formed in suboxic condition. 

The methyl cyclohexane/toluene (Mch/Tol) vs cyclohexane/ 

benzene (Ch/B)  ratios revealed that crude oil is affected 

by evaporative fractionation. 

  

 
Key Words— Petroleum geochemistry, Crude oil, Bahr 

Essalam Field, Sabratah Basin. 

I. INTRODUCTION 

HE Sabratah Basin, which lies on the Pelagian Shelf 

extending from Tunisian waters into the northwest Libya 

offshore (Fig. 1), has oil and gas accumulations in Eocene 

carbonate reservoirs and gas in Upper Cretaceous reservoirs. 

The Mesozoic/Cenozoic sedimentary succession of the 

Sabratah Basin comprises passive continental margin deposits 

including Late Triassic to Early Jurassic evaporites with halite 

and Late Cretaceous and Paleogene platform carbonates and 

shales, these becoming more distal in character towards the 

north. There are two hydrocarbon fields in the Sabratah Basin, 

namely the Bouri and Bahr Essalam fields [1].  The Harshah 

Formation was established by Hammuda et al., in 1985 [2]. 

For a series of dolomitic limestones, marls, dolomites and 

anhydrites found in the Hl-137, well on the southern margin of 

the Sabratah Basin. The formation comprises 230m of 

alternating carbonates, marls and evaporates, deposited in a 

littoral to supra-tidal environment. The marls occasionally  

contain lignite, and anhydrite is common. The formation 

contains good quality potential reservoir rocks; although no 

hydrocarbon, accumulations have yet been encountered. The 

fauna of nummulites, algae, ostracods and pelecypods, is not 

age diagnostic, but on stratigraphic position, it can be assigned 

to the Lutetian. The Harshah Formation is age equivalent of 

the Al Jir Formation of west Libya. Onshore in Tunisia it 
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equates to the shelly limestones of the lower Cherahil 

Formation. Numerous papers have  investigated the 

stratigraphy and sedimentology of  Harshah Formation 

including [2][3][4][5]. As far as the authors aware the is no 

specific study about the petroleum potential and hydrocarbon 

characteristics of Harshah Formation. 

 
Fig. 1: Satellite image showing the sedimentary basins in Libya (after 

Shaltami, 2012 [6] ). 

 

The goal of the current work to assess petroleum 

geochemistry of the Harshah Formation in the offshore well 

C2-NC42 (Fig.2). The petroleum geochemical assessment can 

give the following information : 

1) Type of crude oil. 

2) Depositional environment. 

3) Paleo-oxygenation. 

4) Thermal maturation and origin of organic matter. 

 
Fig. 2: Well location map of the Sabratah Basin showing the studied well 

(modified after Bishop, 1988 [7]; Bailey et al., 1989 [8]; Sbeta, 1990 [9] and 
Anketell and Mriheel, 2000 [10]). 
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Fig.3: Lithostratigraphic column of the Harshah Formation in the offshore 

well C2-NC41. 

II. METHODOLOGY 

The data used in this work were obtained from the Agip 

Company. Eighteen samples were recovered from the Harshah 

Formation (reservoir). The crude oil samples (dolomitic, 

limestone) were subjected to gas chromatography-mass 

spectrometry (GC-MS) technique to assess the bulk 

composition and biomarker parameters. All the analysis were 

carried out at laboratory of Chemo-stratigraphy and Organic 

Geochemistry (LGQM), State University of Rio de Janeiro 

(UERJ), Brazil. 
 

Table 1: The chemical analysis data of the studied crude oil samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSION 

Based on the API gravity, In 1984 [11] classified crude oils 

into light oils (API gravity>31.1°), medium oils (27.3°<API 

gravity<31.1°) and heavy oils (API gravity<27.3°), while in 

1985 [12] classified crude oils into biodegraded oils (API 

gravity < 20°) and condensate oils (API gravity > 45°). The 

studied crude oil samples are mainly light crude oil and 

between condensate oil and biodegraded oils (Figs.4-5). 

 
Fig.4: API gravity values of the studied crude oil (fields after Martinez et al., 

1984[11]). 

 
Fig.5: API gravity values of the studied crude oil (fields after Waples, 
1985[12]). 

 

Huang and Meinschein [13] reported that the relative 

proportions of the C27, C28 and C29 regular steranes in 

sediments might provide some insights into the paleo-

environment and provenance of organic matter in the 

sediment. Both C27 and C29 steranes are present in abundant 

quantities in the Harshah Formation (Table 1), reflecting a 

substantial contribution of marine-derived organic matter 

(Fig.6).The concentrations of C27, C28 and C29 regular steranes 

in the studied crude oil samples indicating  the Harshah 

Formation were deposited in an open marine environment 

(Fig.7). The binary plot of Pr/Ph versus C29/ C27 regular 

steranes (Fig. 8) was used to define the paleo-oxygenation 

environment. This model suggested the crude oil samples were 

formed under suboxic environment. In the current work, 

several maturity indicators have been used to evaluate the 

thermal maturity of the studied crude oil such as the ternary 
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plot of SARA,  binary plots of  Ts/(Ts+Tm) versus 

29Ts/(29Ts+30NH) and C29 steranes: ßß/(αα+ßß) versus C29 

steranes:20S/(20S+20R) (Figs.9-10-11). All the results 

revealed the crude oil samples are thermally mature. The 

methyl-cyclohexane/toluene (Mch/Tol) and cyclohexane/ 

benzene (Ch/B) ratios are cross-plotted in (Fig.12) to show the 

significant variations in the relative contents of light 

hydrocarbon compounds between different oils. The 

compound such as 1) influence of source rock facies 2) 

evaporative fractionation 3) oil-water interaction. The result 

showed the crude oil might be influence by evaporative 

fractionation [14]. 

 
Fig.6: Ternary diagram of C27-C28-C29 regular steranes showing the organic 

matter origin for the Harshah Formation  (fields after Huang and Meinschein, 

1979 [13]). 

 
Fig.7: Ternary plot illustrating the relative abundance of C27, C28 and C29 

steranes for the Harshah Formation (Peters et al.,2005[15]). 

 
Fig.8: Plot of Pr/Ph vs. C29/C27 regular steranes showing the organic matter 

origin and redox conditions for the Harshah Formation (fields after Yandoka 

et al., 2015). 

 
Fig.9: Ternary plot of SARA showing the mature of crude oil (field after 
Peters et al., 2005[15]). 

 

 
Fig.10: Plot of Ts/(Ts+Tm) vs. 29Ts/(29Ts+30NH) showing the maturity for 

the studied crude oil (fields after Peters et al., 2005[15]). 
 

 
Fig.11: Plot of C29 steranes :ßß/(αα+ßß) vs. C29 steranes:20S/(20S+20R) 

showing the maturity for the studied crude oil (fields after Waples and 

Machihara, 1990[17]). 

 
Fig.12: Cross-plot of the methyl-cyclohexane/toluene (Mch/T) ratio versus the 

cyclohexane/benzene (Ch/B) ratio (field after Thompson, 1987[12]). 



 

16 
 

 Libyan Journal of Engineering Science and Technology (LJEST)   Vol. 2, N0. 1,   2022 

IV. CONCLUSIONS 

The main conclusions of this work are as follows : 

1. Eighteen crude oil samples were  subjected to gas 

chromatography-mass spectrometry (GC-MS) technique 

to evaluate Petroleum geochemistry of Harshah 

Formation (Reservoir). 

2. The type of crude oil in the studied samples are mainly 

light types. 

3. The crude oil samples are thermally mature. 

4. The Harshah Formation were deposited in an open marine 

environment under suboxic condition. 

5. The crude oil in the study area is influenced by 

evaporative fractionation. 
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