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 امللخص:

ن؛ وهما ) ْجِزي ثقىيم جيىكيميائي للنفط الخام. جمعت العينات من بئًر
ُ
(، حىض سست، شمال شسق ليبيا. ثم ثحدًد ثسكيبة A57-32 / B33-32في هرا الدزاسة أ

(. أظهست النتائج أن عينات الزيت التي ثم دزاستها هي من هىع النفط الخفيف كما أنها هاضجة GC-MSاملؤشس الحيىي لعينات النفط الخام باستخدام ثقنية )

 ذات كيروجين من النىع )
ً
ىية ألازضية املترسبة في بيئة بحسية في ظل (. أشازت املؤشسات الحيىية إلى املدخالت املختلطة من العىالق املائية واملىاد العضIII / Iحسازيا

 ظسوف شبه مؤكسدة.
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 A B S T R A C T 

        The purpose of this work is to conduct a geochemical evaluation of crude oils that collected from 

two wells; namely A57-32 and B33-32, Sirte Basin, NE Libya. The biomarker composition of the crude 

oil samples were determined using GC-MS technique. The results showed the studied oil samples were 

considered by light oil type with thermally mature and characterized by type II/III kerogen. The 

biomarkers indicated the mixed inputs of aquatic plankton and terrigenous organic matter deposited in a 

marine environment under suboxic conditions.  

 

INTRODUCTION 

The Sirte Basin, in north central Libya, is one of Africa’s most 

productive petroleum basins and the world’s 13th largest petroleum 

province, with reserves estimated at 43 billion barrels of oil 

equivalent (recoverable) within 16 giant oil fields and 23 relatively 

large oil fields [1] (Fig. 1). The Sirte Basin covers an area of 600,000 

km2, stretching from the 2,000 km bathymetric line offshore in the 

Mediterranean coast to the Chad border in the south [2]. Generly, the 

crude oils in Sirte Basin is characterized by sweet, low sulphur, light 

oils to waxy, heavy, biodegradedand gassy crudes. These variations 

are due to the nature of the source rock. The location of the studied 

wells lie on the Zaharh platform and Maradah garben within the Sirte 

Basin (Fig.1). The term Nubian Sandstone was introduced into Libya 
[3]. However, some authors have preferred to use terms such as Sarir 

Sandstone and Kalanshiyu (Calanscio) sandstone especially in east 

part of this basin to indicate late Jurassic to early Cretaceous 

continental clastics [4]. The Sarir Formation is widely distributed in 

the Sirte Basin. It is particular well known in the southeastern part of 

the basin where it is a prolific oil reservoir at as Sarir, Messiah, and 

many other fields. The Sarir Formation of the studied wells are 

consisted of green to grey colored, medium to coarse grained, 

moderately sorted, silty and shaly in parts, good porosity (Figs.2-3). 

There are several studies on crude oil in the Sirte Basin [5], [6], [7], [8]. 

The main objectives of the current work to determine the thermal 

maturity, Organic matter type, and depositional environment. 

 

Figure 1. Location map of the studied wells in the Sirte Basin (modified [9]). 

mailto:Faresfathi2222@Gmail.com


Geochemical Characterization of Crude Oils from the Dahra and Bahi Fields, Sirte Basin, NE Libya                                                                                            Fares F. Fares                 

 

(LUMST/L.D.N:2021/978) V.1,2022                                                                                                                                                              
                2 

 

  

Figure 2. Lithostratigraphic column of the Sarir Formation in well B33-32. 

 
Figure 3. Lithostratigraphic column of the Sarir Formation in well A57-32. 

 

1.1 GEOLOGICAL SETTING 
Four tectonic phases in Sirte Basin are commonly recognized 

which describe the geological history of the basin [10], [11]. A 

complex series of horst and grabens began to develop in the 

latest Jurassic [12]. From the Mid Jurassic the basin structure 

began to evolve as a rifted embayment along the North African 

plate because of tectonic sequences leading to the breakup of 

Pangea. The current configuration of the Sirte Basin was formed 

through Early-Mid Cretaceous rifting with the fragmentation of  

 

the pre-existing Sirte Arch (Fig.4), The structure of the troughs 

and platform controlled the entire sedimentary sequence of the 

basin and their formation was followed by successive phases of 

subsidence [1]. Subsidence and extensional fault reactivation 

continued into the Tertiary with maximum subsidence occurring 

in the Late to Middle Eocene [13], [4]. Many of the hydrocarbon 

discoveries in the Sirte Basin are linked to tectonic features such 

as tilted fault blocks and associated folding along the eastern 

basin margin, and sedimentary features such as carbonate reefs 

and bioherms which have accumulated on low amplitude drapes 

formed over horst blocks, between grabens, in the centre and 

western rift margins of the basin [1]. 

 

 

Figure 4. The main tectonic structures of the platforms, troughs and grabens. 
(modified [4]). 

 

2. METHODOLOGY 
Two crude oil samples were collected from two oil fields in western 

Sirte Basin to assess their chemical characteristics (Table 1).  These 

samples were analyzed using   geochemical techniques as following: 

1-The oil samples were fractionated to separate n-alkane compounds, 

using a short silica gel column.  

2-The isolated C15+ fractions and whole oil samples were analyzed 

at Arabian Gulf Oil Company (AGOC) geology laboratory by gas 

chromatography, ATI Unicam 610 series, equipped with a spilt 

injector and a 15 m DB-1 column. 

3- Helium was used as the carrier gas; the column was programmed 

to cover the ranges of 30 – 310 °C for oil samples, and 70 to 30 °C 

for saturated alkanes at 5 °C/ min. 

Table 1. Gas chromatograph data of the crude oils from two wells B33-32 and A57-32. 

 

 

3. RESULTS & DISCUSSION 
API gravity, Pr/Ph ratio, Waxiness degree, n-alkanes and isoprenoids 

are presented in (Table 1). The results of the studied oils revealed 

similarity in the distribution pattern of n-alkane and isoprenoid ratios 

in the gas chromatography (Fig.5-6), suggesting that the oils might 

be genetically related to the same source rock for oils. [14] classified 

the crude oil into three types namely 1) light oils (API gravity 

>31.1°), 2) medium oils (API gravity ranges from 27.3° to 31.1°) and 

3) heavy oils (API gravity <27.3°). The studied oil samples are more 

than 31.1° which considered as light crude oil. 

 
Figure 5. n- paraffin distribution of C15+ fraction of the oil from the well B33-32. 

Reservoirs Sarir Formation Sarir Formation

 Wells   B33-32  A57-32

Parameters

API 38.6o 41.6o

CPI 1.05 1.01

Pr/Ph 1.31 1.59

Pr/nc17 0.5 0.74

Ph/nc18 0.4 0.56

nc17/Pr 2.05 1.33

nc18/Ph 2.51 1.78

Ph/nc18/ Pr/nc17 0.8 0.75

C29/C27 0.2 0.38

Waxiness degree 1.43 1.41
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Figure 6. n- paraffin distribution of C15+ fraction of the oil from the well A57-32. 

 

3.1. WAXINESS DEGREE 

The standard method of categorizing the amount of land-derived 

organic material in oil is to determine its degree of waxiness. This 

method assumes that terrigenous material contributes a high 

molecular-weight normal paraffin component to the oil [15]. The 

degree of waxiness in this study is expressed by the ΣC21–C31/ΣC15–

C20 ratios (Table 1). The studied oil samples are characterized by 

percentage n-C17 - n-C19/ nC27-n-C29 ratios (0.5 – 0.9%) of n-alkanes 

in the saturate fractions (reflecting minor low molecular weight n-

alkanes), on other hand, the degree of waxiness (ΣC21–C31/ΣC15–C20) 

ratios (1.41 – 1.43), conforming waxy nature and suggesting mixed 

organic matter source (terrestrial and marine source). This result is 

further supported by the high Pr/Ph vs. degree of waxiness. 

 

Figure 7. Cross plots of Pr/Ph versus waxiness dgree for the studied samples 

(modified by [16]). 

3.2.  MATURATION OF CRUDE OIL 
Displays the plot of Pr/Ph vs. CPI to distinguish the oil of mature or 

immature (Fig.8). The studied oil samples fall in the field mature 

level. API gravity and CPI of crude oils are also used to determine 

the maturation levels. The CPI values of the studied oil samples are 

1.05 and 1.01 respectively, while the API gravity values are 39.1 and 

40.2 respectively. These values indicated the crude oil samples are 

mature. 

 

Figure 8. Pr/Ph vs. CPI showing the sources of studied crude oils [17]. 

 

 

 

 

3.3. ORGANIC MATTER TYPE AND DEPOSITIONAL 

ENVIRONMENT 
In crude oil studies, the ratios of isoprenoids to n-alkanes are widely 

used since they provide information on maturation and 

biodegradation as well as source [18]. (Fig.9) The binary plot of 

isoprenoids/n-alkanes ratios (pr/n-C17 and ph/n-C18). Indicated that 

the studied oils contain type II/III kerogen originated mainly from 

mixed organic sources, deposited under transitional conditions. The 

triplot of C27-C28-C29 regular steranes (Fig.10) indicated also the 

studied oils contain mixed organic matter formed in suboxic 

conditions. In addition, the kerogen was derived from algae type 

(Fig.11). The pristane/phytane (Pr/Ph) ratio is one of the most 

commonly used for depositional environment [19], [20].  

According to Lijmbach [21] low values (Pr/Ph<2) indicate aquatic 

depositional environments including marine, fresh and brackish 

water (reducing conditions), intermediate values (2–4) indicate 

fluviomarine and coastal swamp environments, whereas high values 

(up to 10) are related to peat swamp depositional environments 

(oxidizing conditions). The results revealed (Pr/Ph) are less than 2 

indicating that the oil samples were deposited in a marine 

environment under sub-oxic conditions. This conclusion is confirmed 

with the result of Plot of Pr/Ph vs. (Pr+n-C17) / (Ph+n-C18) (Fig.12). 

 

 
Figure 9. Plot of Ph/n-C18 vs. Pr/n-C17 showing the paleooxygenation 
conditions and organic matter origin for the studied samples (fields after [22]). 

 

 

 

 
 
Figure 10. Ternary diagram of regular steranes showing the organic matter 
origin in the Sarir Formation (fields after [23]). 
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Figure 11. Plot Pr/n-17 vs. Ph/n-18 showing the origin of kerogen (fields after, [1]). 

 Figure 12. Plot of Pr/Ph vs. (Pr+n-C17)/(Ph+n-C18) showing the depositional 

environment of the studied samples (field after [24]). 
 

4. CONCLUSIONS  

Biomarkers analyses of crude oils from wells A57-32 and B33-32 

suggesting the following: 

1- The studied oils were mature with light oil type. 

2- The crude oils from A57-32 and B33-32 wells are similar to n- 

paraffin distribution of saturated hydrocarbon, suggesting that 

genetically related for oil source. 

3- The crude oils are characterized by type II/III kerogen that 

originated from algae was deposited in a marine environment 

and formed under sub-oxic conditions. 
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