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ABSTRACT: 

The Tarabulus Basin, northwestern offshore Libya contains a significant commercial 

amount of hydrocarbons. The Eocene nummulitic-rich unit forms the main reservoir 

in the basin. This research is designed to establish the depositional history of the 

Eocene reservoirs and characterise their reservoir properties based on subsurface data 

and outcrop analogues in the Cyrenaica Basin, northeast onshore Libya. The Eocene 

carbonate rocks in Tarabulus Basin belong to the Farwah Group and include the 

Bilal, Jirani, and Jdeir Formations. The outcrop analogues of this group belong to the 

Ras Al-Hilal Group and include the Apollonia and Dernah Formations. 

 Salt-related structures in the Tarabulus Basin have been generated as a result 

of the significant deformation caused by the salt mobility and instability including 

salt pillows, walls, and diapirs. These structures have been developed in single and 

multi-structures mainly in the western portion of the basin. Most of these structures 

trend of east-west (WNW-ESE). The overlying sequences have adapted to the 

geometry of the salt morphology, which is most often an anticlinal fold associated 

with faulting and form hydrocarbon traps in the basin. 

 Core and outcrop investigations have resulted in the identification of ten 

different lithofacies in the Ras Al-Hilal Group and twelve lithofacies in the Farwah 

Group. The most common lithofacies is made up of large and small nummulitids. 

The depositional environment models of these rocks have been reconstructed based 

on the most characteristic large and small benthic foraminifera in association with 

other faunal components, the sedimentary structures and sedimentological 

characteristics.  

Two separate ramp systems have been recognized in the Tarabulus and Cyrenaica 

Basins. The Eocene carbonates show a wide range of depositional environments 

ranging from deeper to shallower settings along larger benthic foraminifera-

dominated carbonate ramps that gently dip toward the north and extend into basinal 

settings. Each carbonate ramp has been subdivided into inner, middle, and outer 

ramps based on the presence of the larger foraminifera and their characteristic water-

depth. The carbonate ramp is distinguished by the development of diversified 

nummulite tests in different sizes and shapes and other types of larger foraminifera 

including: discocyclinids, alveolinids, and orbitolitids. Moreover, other fossils were 

identified including: red-algae, coral, miliolid, echinoderms, gastropods, bivalves, 
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and planktic foraminifera. They are mainly distributed between the fair-weather 

wave-base and the storm wave base. The Eocene Rocks in the study area are 

dominated by the Large Flattened nummulites (LF) which vary from 31 % to 47 % of 

the nummulite population along the outcrop sections and from 27% to 77% in the 

subsurface wells. The A/B ratio indicates that the B-forms are the most dominant in 

the nummulitic-rich accumulations in northern Libya. 

 The Eocene carbonate rocks have been impacted by early to late diagenetic 

stages. Each stage is dominated by particular diagenetic features including 

cementation, dolomitization, and compaction, which have blocked the pore space in 

turn destroying the reservoir quality (negative effect). On the other hand, dissolution, 

fracturing, and de-dolomitization have increased the porosity and the reservoir 

quality (positive effect).  

Sedimentological characteristics of the Eocene carbonates are the main 

controlling factors on the Eocene nummulitic-rich hydrocarbon reservoir properties. 

The heterogeneity and the lateral distribution of the Eocene reservoirs remains a 

critical problem to be understood from seismic and well data analyses. The outcrop 

observations have shown that the Eocene carbonate units have excellent lateral and 

vertical continuity and high quality hydrocarbon reservoir properties including 

porosity and permeability, which form a very good reservoir. They present a high 

degree of similarity and cover a large area that allows a clear capture of the 

heterogeneity of the reservoir.  
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Chapter 1 : INTRODUCTION 
1.1. Location of Study Area 

This study is focused on the Eocene carbonate rocks in the Tarabulus Basin and their 

outcrop equivalents in the Cyrenaica Basin in north Libya in terms of understanding 

their depositional history and characterization as they form the major hydrocarbon 

reservoir in the area.  

Geologically, Libya is located on the northern part of the African Shield and 

along the southern margin of Mediterranean Sea (Figs. 1-1 and 1-2). Libya can be 

divided into two distinct geological regions according to the age of the sedimentary 

basins, and their sedimentary fill. The first region encompasses three intracratonic 

basins of Paleozoic age in west, southwest, and southeast Libya including the 

Ghadamis, Murzuq, and Al-Kufrah Basins. The second region encompasses the 

tectonically active and unstable basins of Mesozoic-Cenozoic age (Hallett, 2002). 

This includes the Sirt Basin in the central region, the northwest offshore Tarabulus 

Basin and the northeast onshore Cyrenaica Basin. The Tarabulus and Cyrenaica 

Basins will receive considerable attention in this study (Figure 1-2). Cenozoic 

compressional stress has affected the northern part of the African Plate in an N-S 

direction as a result of the collision between European and African plates 

(Wennekers et al. 1996; Guiraud 1999 and Tawadros 2011). 

The Tarabulus Basin occupies the southern part of the Pelagian Block 

between SE Tunisia and NW Libya (Figs. 1-1 and 1-2) on the continental shelf 

between the Gulf of Gabes in Tunisia and the Gulf of Sirt in Libya. This basin was 

initiated as a dextral strike-slip pull-apart structure during the Triassic by reactivation 

of major Hercynian basement fault systems (Mriheel et. al. 2000). Finetti (1982) 

proposed that the Tarabulus Basin underwent four main subsidence stages coinciding 

with the Upper Triassic, Middle and Upper Jurassic, and Miocene-Quaternary 

tectonic phases. The Tarabulus Basin is delimited by the Jifarah Fault System (JFS) 

and the Libyan Coastal Fault System (LCFS) to the south and by the Isis-Jarrafa 

Ridge (IJR) (Isis Horst) to the north (Figure 1-1). The focus of this study is the NC41 

concession, which occupies a large area of Tarabulus Basin. The Al-Bouri Oilfield, 

which is the largest oil field in the offshore of Mediterranean Sea, lies in this 

concession. Most of the subsurface data used in this study are from this oil field 

(Figure 1-1 and Figure 1-2). 
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The Cyrenaica Basin occupies the northeastern part of Libya. The basin is 

located to the east of the Sirt Basin and it extends between the Benghazi City in the 

west to Dernah City in the east and from the present day shoreline in the north and 

Sirt Basin to the south (Figure 1-1 and Figure 1-2). The basin is divided into the 

Cyrenaica Platform to the south and the Al-Jabal Al-Akhdar Uplift to north. The Al-

Jabal Al-Akhdar Uplift contains mixed carbonate and siliciclatic sediments that 

range in age from Triassic to Miocene. Tectonically, the Cyrenaica Basin is similar 

to the other extensional basins that formed along northern Libya (Figure 1-1 and 1-

2). It was formed as the result of dextral strike-slip movement (El-Hawat and 

Abdulsamad 2004). 

The Eocene carbonate rocks in Tarabulus Basin belong to the Farwah Group, 

which includes the Bilal, Jirani, and Jdeir Formations. The outcrop analogues of this 

Group belong to the Ras Al-Hilal Group including the Apollonia and Dernah 

Formations in the Cyrenaica Basin. These Eocene rocks include a wide range of 

fossils, mainly nummulitids, which characterise the main reservoir in the Tarabulus 

Basin (Hassan 2010). 

1.2. Petroleum Exploration History 
 

After 1955, oil companies began to enter Libya for petroleum exploration. The first 

area to attract attention was the Cyrenaica region because it contains large folds, 

which expose Cretaceous rocks in their central portions. As active drilling programs 

began, geologic information accumulated; failure to discover oil in commercial 

quantities in that area diverted the attention of the explorationists to western Libya 

and later to the Sirt Basin where a huge amount of oil was discovered (Hassan, 

2010). The first well was drilled in 1956 in western Fezzan, and the first oil was 

struck in 1957. In 1959, Exxon has made the first commercial strike. In September 

1961, oil production started, and by 1965, Libya was the world’s sixth-largest 

exporter of oil. By the end of 1969, Libya's production reached 15.4% of OPEC's 

total and 7.5% of the world’s total.  

In 1969, the major Sarir oilfield was discovered in the Sirt Basin. This basin 

is considered as the most important hydrocarbon area in Libya and has been ranked 

as the 13th of world's petroleum basins. In 1974, new finds were drilled in the 

Ghadamis Basin and in the offshore fields northwestern Libya in 1977 (Metz, 1987). 

Recent study by Hassan (2010) has shown that Libyan oil production reached 1.7 
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million barrels per day in 2010. This amount of oil comes from about 320 oil fields 

with a reserve of approximately 44 billion barrels of oil. Libya is a major oil and gas 

producer in Africa and is one of oil and gas supplier to Europe. The economy of 

Libya depends mainly on oil and gas exports. 

 

 
 

Figure  1-1: A geological map showing the location of the two study areas in northern Libya.(1) is the main 
tectonic elements in northern Libya and the Pelagian Block (modified after(Hallett, 2002)). 
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Figure  1-2: (1) A map showing the distribution of the main sedimentary basins in Libya and the location of Northwestern Offshore region 
highlighting the boundary of Tarabulus Basin and NC-41 concession and the northeastern region highlighting the field locality. (2) NC-41 
concession showing the location of the giant Al-Bouri Oilfield (redrawn after Mriheel et. al. 2000). (3) Geological map of the Al-Jabal Al-Akhdar 
up-lift showing the location of the visited places and the main measured sections (after El-Hawat and Abdulsamad 2004). 



 5

1.3. Statement of Research Problem and Aims 

The Eocene nummulitic-rich carbonate rocks form the main hydrocarbon reservoir in 

the Tarabulus Basin. However, they have not been studied in terms of geological and 

sedimentological models that can be used to characterise the Eocene hydrocarbon 

reservoirs and their lithofacies, correlation, and the pa1oenvironments they record. In 

addition, the salt tectonic phenomena and their influences in the Tarabulus Basin 

have also not been sufficiently investigated. A preliminary study of the Eocene rocks 

of the Cyrenaica Basin has been conducted as part of an M.Sc. project submitted to 

Dalhousie University in 2008 (Imbarek, 2008). There was insufficient time available 

to study all aspects of the sedimentology , stratigraphy, so the aim of this thesis is to 

build on the initial interpretation and to:  

1- To undertake detailed lithofacies descriptions and comparisons of the Eocene 

carbonate rocks in both localities onshore and offshore Libya based on 

outcrop and core investigations. 

2- To establish a depositional model of the Eocene rocks in the study area.  

3- To determine the diagenetic processes that influenced the Eocene rocks and 

the reservoir quality, as well as to establish the diagenetic history.  

4- Establish the significance of tectonic activity during the accumulation of the 

Eocene carbonates in northwest offshore and northeast onshore Libya 

5- Investigate the salt tectonics and salt movements in the Tarabulus Basin in 

northwest offshore Libya and their influence on the reservoir and the 

overlying sedimentary packages.  

6- To improve understanding of the hydrocarbon reservoir characteristics 

(including porosity, permeability, and reservoir lithofacies distribution) at 

subsurface and outcrop scales. 

7- Describe the petroleum potential of the Eocene rocks in northeast onshore 

Libya as they form the major hydrocarbon reservoirs in northwest offshore 

Libya.  

1.4. Significance 

Locally, this research will provide analyses of geophysical and sedimentological 

data, which in turn will help in understanding the depositional history of the Eocene 

reservoirs in the study area and their characterisations. Observations at outcrops will 

be very important for predicting stratigraphic architecture, distribution and the 
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internal heterogeneities of the Eocene reservoirs and the implications for production 

from early discoveries.  

Regionally, this study will contribute in the understanding of the nummulitic-

rich deposits along the northern part of Libya. This research will also advance 

knowledge about the Eocene nummulitic-rich carbonate rocks and their importance 

in forming hydrocarbon reservoirs and the reservoir properties of such deposits in the 

region.  

1.5. Data Availability 

Some of the data used in this study was originally gathered for the masters degree. 

This includes four measured sections, preliminary investigation of eight seismic lines 

and interpretation of one well (see table 1-1). For the PhD thesis, two of the original 

sections were re-measured and re-photographed, five new sections were measured, a 

full set of 70 seismic lines were interpreted and additional wells were investigated. 

600 rock samples from outcrops and cores were collected and 330 thin sections were 

made (Table 1-1). 
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Table  1-1: Summarises the data collection and use for MSc. and the PhD studies. 
 
 Field Work Subsurface Samples 

Measured Sections Seismic Data Core logs 

M
S

c.
 P

ro
je

ct
 

F
ie

ld
 w

or
k

-2
00

9-
4 

d
ay

s  
1- Ras Al-Hilal Bay section, 
2- Al-Hilal road cut section, 
3- Wadi Al-Athrun Section, and  
4- West Dernah section as well as small 

sections around Dernah area including 
[DMS1, DMS2, DMS3, DMS4, DMS5, 
DMS6, DMS7, DMS8] 

Subsurface data were preliminary studied in the MSc. 300 samples/ 
petrographically 
studied 8 seismic lines 

were briefly 
interpreted 

1- 7 wells were investigated 
butB2-NC41 is the only 
well that was included in 
the MSc project 

P
h

D
 T

h
es

is
 

F
ie

ld
 w

or
k

1-
20

09
-1

0 
d

ay
s 

A- Re-measured and re-photographed 
sections: 
1- Pyramid Peak Section (Combination 

of Ras Al-Hilal Bay and Al-Hilal 
road cut sections in the MSc.)  

B- Re-visited and re-photographed sections 
1- Wadi Al-Athrun Section 

1- 70 seismic 
lines were 
interpreted in 
detail  
 

2- Farwah Group 
horizon was 
mapped  

1- B2-NC41 Well 
2- B4-NC41 Well, 
3- B7-NC41 Well, 
4- C3-NC41 Well, 
5- C7-NC41 Well, 
6- C8-NC41 Well, and  
7- H1-NC41 Well 
8- 5 additional Wells described 

and sampled by Professor 
Minas 

9- Stratigraphic data for 26 
wells including these used 
in this study were provided 
by ENI Oil Company 

 

1- 600 samples/ 330 
thin sections were 
petrographically 
studied 
 

2- 30 samples were 
examined by 
(SEM) 

F
ie

ld
 w

or
k

2-
20

12
-1

5 
d

ay
s 

C-  Newly measured sections 
1- Al-Marj Section,  
2- Ain (spring) Al-Dabusseyah Section, 
3- Al-Hilal Section,  
4- Dernah-Qubah section, and  
5-  Shahat-Susah Section 
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1.6. Dissertation Layout 

The Dissertation has been divided into nine chapters. Chapter One: introduces the 

project and describes the objectives, significance and the locality of the study area as 

well as the most important components of the research. Chapter Two: provides 

regional geological background of the study area including the stratigraphic and 

tectonic frameworks. The nummulitic-rich carbonate accumulations are briefly 

reviewed and discussed. Chapter Three: Materials and methods are introduced in this 

chapter. Chapter Four: examines evidence for salt tectonics and the tectonic activity 

in the study areas mainly from seismic interpretation. The influence of salt 

movements on the overlying sequences and the hydrocarbon reservoirs is included. 

Chapter Five: This chapter includes sedimentological descriptions and lithofacies 

analyses of the Eocene carbonate rocks. Comparisons between the subsurface 

lithofacies and their outcrop equivalent are discussed. Chapter Six: presents the 

depositional model of the Eocene carbonate rocks in both basins. Chapter Seven 

includes the diagenetic processes, history, and the impact of the diagenesis on the 

lithotypes and the reservoir quality. The relationship between diagenesis and porosity 

is dealt with in this chapter. Chapter Eight: Reservoir outcrop analogues of the 

Eocene carbonate rocks are introduced in this chapter including the reservoir 

architecture, distribution, characteristics, and the petroleum system and the 

hydrocarbon potential. Chapter Nine: This chapter summarises the most important 

findings of this project. 
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Chapter 2 : REGIONAL GEOLOGY 
2.1. Introduction 

The study area comprises two important geological regions positioned in northern 

Libya and represents the subsurface Eocene hydrocarbon-bearing carbonate 

successions of northwest offshore area and their Eocene outcrop analogues in the 

northeast onshore. The geological setting of the study area is described in terms of 

the tectono-stratigraphic framework focusing on Nummulites carbonate reservoir 

facies in their broader context. 

During the Palaeozoic Gondwana moved northwards from a southern position 

and collided with Laurasia during the mid-Palaeozoic to form of Pangaea (Hallett, 

2002). The development of Libyan tectonics and the formation of the sedimentary 

basins during the Palaeozoic and early Mesozoic were controlled by the evolution of 

Gondwana and Pangaea (Rusk, 2001). During the later Mesozoic and Cainozoic, the 

Tethys and the Mediterranean evolution was the primary control on Libyan tectonics. 

The history of northern Africa and Libya was dominated by a rifting phase associated 

with the opening of the Tethys Ocean, and a post-rift phase in which the Tethys 

Ocean closed, and compressive tectonism became dominant (Hallett, 2002 and 

Hassan, 2010) (Table 2-1). 

2.2. Tectonic History of Libya 

Libya is positioned on the northern margin of the African continent. Wennekers, 

(1996) has reported that since the Precambrian Libya has been influenced by several 

tectonic events in a north-south–directed compressional stress field. The major 

tectonic events include: (1) the Pan-African Orogeny, (2) Infracambrian extension 

caused by shearing on the Pannotian suture, resulting in block faulting and pull-part 

basins in both the Kufrah and Murzuq Basins, (3) Extensional and compressional 

regimes during the Cambrian-Carboniferous, (4) Late Silurian Caledonian uplift, (5) 

Late Carboniferous Hercynian intraplate uplift, (6) Triassic–Early Jurassic rifting 

regime (break-up of Pangaea), (7) Early Cretaceous rifting, (8) Late Cretaceous–

Tertiary Alpine compression, and (9) Oligocene–Miocene rifting (Najem, 2015, 

Hassan, 2010, Craig et al., 2004; Hallett, 2002) (Table 2-2). Pan-African to 

Hercynian events have generated most of the southern Libya structures. The Tethyan 

extension and Alpine tectonic movements have developed the main structures in 

northern Libya (Hassan, 2010) (Table 2-1).  
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The Pan-African orogeny resulted in the formation of: (1) Tihemboka Uplift, 

(2) Tripoli-Tibesti Uplift, (3) Haruj Uplift, and (4) Calanscio-Awaynat Uplift as 

shown in Figure (2-1A) (Najem, 2015; Hallett, 2002; Hassan, 2010). These uplifts 

are separated by: (1) Murzuq-Jadu Trough, (2) Dur Al Qussah-Uri Trough, and (3) 

Calanscio Trough. Regional uplift with reactivation of Pan-African faults occurred in 

the Late Carboniferous as a result of the Hercynian Orogeny. This orogeny has 

resulted in the development of: (1) Sirt Arch in central Libya separating the Al 

Kufrah Basin from the Murzuq Basin, (2) Ennedi-Awaynat Uplift in the southern Al 

Kufrah Basin, and (3) the Gargaf High in the southern Ghadamis Basin (Figure 2-

1B) (Hassan, 2010). During the Mesozoic breakup of Pangea, rifting and widespread 

Tethys marine transgression dominated northern Africa as the central Atlantic 

opened in the west and the Tethys opened to the east (Najem, 2015; Hallett, 2002).  

Paleozoic and Mesozoic tectonics have produced the main Libyan 

sedimentary basins including the Sirt Basin, the Murzuq Basin, the Kufrah Basin, the 

Ghadamis Basin, and the Cyrenaica Basin (Rusk, 2001; Hallett, 2002; Hassan, 2010). 

The tectonics in the Ghadamis, Murzuq, and Al Kufrah cratonic basins occurred 

during the Paleozoic. The Tarabulus, Sirt and Cyrenaica Basins were formed during 

the Mesozoic (Hassan, 2010) (Figure 2-2) (Table 2-1). 

 

 
 
Figure  2-1: Showing two maps of Libya. (A) Representing the Late Precambrian to Late 
Carboniferous Pan-African Orogeny main structures. (B) Illustrating the Late Carboniferous 
Hercynian Orogeny main structures which caused by the collision between Gondwana and Laurasia 
after (Najem, 2015). 
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Table  2-1: Summarizes the main structural and sedimentary features in Libya and the sedimentary fill in 
the Libyan sedimentary basins (Hallett, 2002 and Hassan 2010). 
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Figure  2-2: Illustration showing the main geological features in Libya. This is a Google map showing the main two regions (northern and southern) (Imbarek, 2008). It is also showing the main sedimentary basins in Libya and the uplifted areas that separated the 
basins. Cross sections of each sedimentary basin are illustrated. White arrows showing uplifts between the basins (information was gathered from various sources including: Abadi et al. (2008); Hallett (2002), Hassan (2010). (Base map is from Google Earth) 



 13

2.3. Tectono-stratigraphic evolution of northern Libya 

Offshore northwestern Libya forms the southeast part of the geologically well-known 

Pelagian Block in the Mediterranean Sea (Rusk, 2001) (Figure 1-1). The Pelagian 

Block is characterized by several tectonic structural elements including: (1) 

Structural highs including the Isis-Jarrafa Ridge (Isis Horst), Melita Plateau, 

Lampedusa Plateau, and Medina Plateau; and (2) Basins include the Tarabulus Basin, 

Misurata Basin and Jarrafa, Linosa, Median and Malta grabens (Hallett, 2002). The 

Tarabulus Basin occupies the southern part of Pelagian Block between southeast 

Tunisia and northwest Libya (Figure 1-1). 

Anketell (1996) has developed a model describing the tectonics and 

developments of the sedimentary basin in northern Libya. He established a shear 

model including two main shear zones, (1) a northern Sabratah-Cyrenaica Fault 

which runs from the southern margin of the Tarabulus Basin, across the Sirt 

Embayment to the southern of the Cyrenaica Basin, and (2) a southern fault which 

runs from the Al-Gargaf Arch in the west to the south the Sarir Trough (Figure 2-3). 

Based on this shear model the Sirt Basin in the central part of north Libya was 

explained as a “dextral trailing imbricate fan” within a dextral wrench zone. To the 

east, the Cyrenaica Basin was interpreted as a “dextral splay wedge” between two 

converging faults. The Al-Jabal Al-Akhdar Uplift was considered as a “contractional 

duplex”. Offshore, the Pelagian Block contains Miocene pull-apart grabens caused 

by dextral shearing of the Calabrian arc and the consequent opening of the Medina 

and Sirt Wrenches (Hallett, 2002). Therefore, the tectonic relationship between the 

northern Libya basins including the Tarabulus Basin to the west, the Sirt Basin in the 

central part, and Cyrenaica Basin to the east can be explained by an overall dextral 

strike-slip model which developed during the Mesozoic and terminated with the 

emplacement of Calabrian Arc in the Miocene-Pliocene (Anketell, 1996). He also 

summarised that the Alpine phase in western offshore Libya including the Pelagian 

Block is related to the Calabrian Arc, while the eastern offshore region was 

controlled by the Hellenic Arc to the north of Cyrenaica (Mriheel and Anketell, 

2000; Hassan, 2010). In the middle, the Sirt Embayment is a typical slope and rise 

margin between the two areas. 
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Figure  2-3: Shear zones model explains the main tectonics elements in northern Libya and the 
relationship between the sedimentary basins (Tarabulus, Sirt, and Cyrenaica) Redrawn from (Anketell, 
1996). 
 

The tectonic history and evolution of the Tarabulus and Cyrenaica Basins is similar 

to that of others in the series of extensional basins that formed along the northern 

margin of Africa and Libya (El-Ghoul, 1991; Sbeta, 1991; Mriheel and Anketell, 

1995; Hallett, 2002; Hassan, 2010).  

Cambrian-Ordovician sedimentation was controlled by glacioeustatic sea-

level changes in the Tarabulus Basin. This led to the deposition of fluvial siliciclastic 

sediments, which pass up-ward into shallow-marine sandstone and shale (Hallett, 

2002; Hassan, 2010). Sedimentation in the Cyrenaica Basin during the Cambrian-

Ordovician time was controlled by Post-Cambrian uplift and of erosional, which led 

to deposition of fine-to-medium sandstones and shales (Hallett, 2002; El-Hawat and 

Abdulsamad, 2004; Hassan, 2010) (Tables 2-2 and 2-3). 

During the Devonian, coarse-grained sands were deposited, followed by 

shallow-marine sands in the Tarabulus Basin (Sbeta, 1991). In the Cyrenaica Basin, 

the Caledonian uplift events continued and controlled the sedimentation which 

resulted in deposition of classtic sediments in the basin (El-Hawat and Abdulsamad, 

2004; Hassan, 2010) (Tables 2-2 and 2-3).  
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    The Carboniferous is characterised by folding, uplift and erosion of the 

lower Paleozoic sequence as a result of the Hercynian Orogeny (Sbeta, 1991; Mriheel 

and Anketell, 1995; Hallett, 2002). The break-up of Gondwana and the opening of 

the Tethyan realm during Late Carboniferous and Permian extension have resulted in 

the generation of several rift basins and grabens on the northern margin of the Africa 

(Guiraud, 1998). Similarly in the Cyrenaica Basin the sedimentation was controlled 

by the Hercynian Orogeny and resulted in the deposition of clastic sediments (El-

Hawat and Abdulsamad, 2004; Hassan, 2010) (Tables 2-2 and 2-3).  

The Tarabulus Basin continued to extend and subside in the early Mesozoic, 

which resulted in marine sedimentation dominating the region (Sbeta, 1991; Hallett, 

2002). Two major extensional tectonic events have influenced the basin which are: 

(1) The Late Triassic-Jurassic rifting which is related to the opening of the Tethyan 

Sea and has resulted in the deposition of carbonate and evaporite sediments (Salt 

Phenomena in the basin) which could be during hypersaline conditions or in 

restricted lagoonal settings. (2) The Early Cretaceous rifting which influenced the 

southeastern portion of the basin and is a consequence of the Sirt Basin opening 

(Sbeta, 1991; Hallett, 2002). Marine carbonate sediments were deposited to the south 

with basinal sediments to the north (Sbeta, 1991). Rifting events have created faults, 

horsts, and grabens, which have controlled patterns and rates of sedimentation 

(Morgan et al., 1998) (Figures 2-2 and 2-4). 

The Cyrenaica Basin during the Late Triassic to Early Jurassic is dominated 

by marine carbonate sediments, which were deposited during a rifting regime. The 

Middle and Late Jurassic is characterized by marine sedimentation including 

limestone, shale, and dolomite that were deposited during the opening of the Atlantic 

Ocean and the start of opening of the Mediterranean (Hallett, 2002 and El-Hawat and 

Abdulsamad, 2004).  

During the Early Cretaceous in the Tarabulus Basin, the Jurassic rifting event 

continued and is associated with faults along the northern margin of the African plate 

(Sbeta, 1991). Alluvial sediments were deposited in the southern portion of the 

Pelagian Platform. On the other hand, in the northern parts of the basin, open-marine 

clastic and carbonate sediments were deposited (Hallett, 2002 and Sbeta, 1991). In 

the early Late Cretaceous, the African plate started to drift towards the north, which 

is continuing, to the present. This resulted in a dextral shearing between the African 

and European plates, developing a complex horst and graben system (Hallett, 2002; 
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Anketell; 1996). During this time, marine carbonate sediments were deposited. 

During the Late Cretaceous, a compressive event because of the Alpine collision 

dominated and resulted in the reactivation and inversion of the former extensional 

features (Sbeta, 1991). This event resulted in deposition of thick carbonate sediments 

in the basin. Tectonic events including the left-lateral motion between Africa and 

Europe are thought to have controlled the sedimentation during the Late Cretaceous 

(Hallett, 2002, Sbeta, 1991 and Hassan, 2010).  

In the Cyrenaica Basin, the Early Cretaceous is characterized by the opening 

of the Mediterranean associated with rapid subsidence in northern Cyrenaica (El-

Hawat and Abdulsamad, 2004). Dextral shear between the Eurasia and African plates 

occurred during this time (Anketell; 1996). Thick limestones, chalk, and dolomitic-

limestone represent the Early Cretaceous. Sedimentation during the Cyrenaican Late 

Cretaceous time were controlled by the Orogeny (right lateral displacement) which 

resulted in the inversion of Al-Jabal Al-Akhdar into uplifted horst. Chalk-limestones 

were deposited in the basin (Hallett, 2002, Sbeta, 1991 and Hassan, 2010).  

During the Eocene, in the Tarabulus Basin West-East or West-Northwest-to-

East-Southeast transfer faults were reactivated. Faults have controlled the 

sedimentation of the Ypresian (lower Eocene) rocks (Sbeta, 1991; Mriheel and 

Anketell, 1995; Anketell; 1996). Carbonate sediments were deposited during the 

Eocene time in the basin. Nummulitic-rich carbonate banks of the Jdeir Formations 

developed in a shallow-marine setting (Sbeta, 1991). During the Oligocene–

Miocene, mixed siliciclastic and mainly carbonate sedimentation continued to form 

in a shallow- to deep-marine environment (Hallett, 2002 and Sbeta, 1991).  

During the Eocene, the Cyrenaica Basin region was a subject to an extensive 

subsidence in the southern flank of Al-Jabal Al-Akhdar and uplift in the northern 

part. During this time, thick carbonate sediments were deposited including the 

nummulitic-rich limestones of the Dernah Formation (Anketell; 1996; El-Hawat & 

Abdulsamad 2004 and Hassan, 2010). Table 2-3 summarizes the tectonic history of 

the northeastern part of Libya from Paleozoic to the Cenozoic. 
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Figure  2-4: A diagram illustrating the main tectonic events in northern Libya. This includes the 
offshore Tarabulus Basin and the onshore Cyrenaica Basin (Imbarek, 2008). 
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Table  2-2: This table summarize the tectonic events that have influenced the Pelagian Block and the main results of these events. It also represents the 
sedimentation deposited during each event: (After Hallett, 2002, Hassan, 2010; Mriheel and Anketell, 1995; Ramos et al., 2006; Rusk, 2001; Sbeta, 1991). 

Summary of the tectonic events in the Pelagian Block and their results 
Geological Time Tectonic Events and 

Geological Features 
Depositional Phases 

Neogene to Quaternary The Alpine collision and the subsequent of the 
opening of the western Mediterranean 

Magmatic activity has occurred throughout the area. 

Early Pliocene Rifting and east-to-west dextral movements Fault systems of the Pantelleria Graben, Malta Graben, Malta-
Medina Channel, and Medina Graben began to develop  

Miocene-early 
Pleistocene 

Crustal shortening occurred north and west of 
the North-South Axis. Uplift of areas east of 
the North-South Axis    

Deformation due to crustal shortening resulted in erosion 

late Oligocene to Miocene Late Oligocene to Miocene tectonic activity 
(uplifting)   

Non-deposition or erosion over much of the area. A disconformity 
between Miocene and older beds is present in eastern Tunisia. In 
some areas entire Paleogene was removed 

Oligocene Collision between Kabylie microplate and the 
African margin (Uplifting) 

The base of the Oligocene represented by angular unconformity. 
Fractured  
mobile terrane developed in the northern edge of the Pelagian  
Block, leaving the southern part (most of Pelagian  Block) as a 
passive platform attached to African plate 

Early Eocene West-East or West-Northwest-to-East-
Southeast transfer  
faults were reactivated 

Faults have controlled the sedimentation of the Ypresian (lower 
Eocene) rocks reflect the orientation of these strike-slip faults. 
Carbonate sediments were deposited. 

L-Cretaceous to 
Paleocene 

Gentle uplift event Structural inversion, reverse or thrust faulting, and folding occurred 

Early late Cretaceous The African plate started to drift to-ward the 
north during the early Late Cretaceous, and 
this movement has continued  
to the present 

Rifting occurred along the northern margin of the African plate as a 
result of dextral shearing between the African and European plates, 
developing a complex horst and graben system. Grabens trend 
northwest to south-east and include Tarabulus 
 Basin, Misurata Valley, and Jarrafa Graben 

Early Cretaceous Rifting event continued associated with faults 
along the northern margin of the African 
plate, resulting in subsidence of the Saharan 
 Atlas and the Aures trough of northern 
Algeria and Tunisia. 

Alluvial sediments were deposited in the southern portion of the 
Pelagian.  
Open-marine clastic and carbonate sediments were deposited in the 
northern portion.  
In some areas, sediment thickness was sufficient to initiate flowage 
of Triassic evaporites continued to the Late Cretaceous 

Middle Jurassic The opening of the Tethys Ocean and rifting 
between the  
European and African plates associated with 
faults. 

Faults have controlled sedimentation from the Middle Jurassic to 
the present. 
Shelf carbonates were deposited. 
 

Middle-Late Jurassic The opening of central Atlantic Ocean 
between Laurasia and Africa, developing a rift 
zone between the African and European 
continents. 

Shelf carbonates were deposited in the Pelagian  Block area 

Triassic-Early Jurassic At this time an extension and subsidence 
events continued  
North-south- trending normal faults and east-
west-trending  
transfer faults developed 

In Triassic, clastic and carbonates were deposited with evaporites 
(halite and sulfates). The flowage of the evaporites resulted in 
vertical migration and formation of diapirs and subsurface salt 
walls.  
During the Early Jurassic, turbidites, shelf and pelagic carbonates, 
were deposited. 

Late Carboniferous-
Permian 

The initial break-up of Gondwana and the 
opening of the Tethyan That have resulted in 
as extension event   

Formation of several rift basins and grabens in the northern margin 
of the African plate.  
Upper Carboniferous and Permian sediments were deposited 

Carboniferous The Hercynian event “Laurasia collided with 
Gondwana” 

Paleozoic section was folded, uplifted, and eroded 

Cambrian to 
Carboniferous 

The Pelagic block and NW offshore Libya 
were a Passive continental margin 

Cambrian- Carboniferous clastic rocks were accumulated 

Pre-Cambrian Pan-African Orogeny  Uplifting and erosion  
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Table  2-3: Summarizes the main tectonic events influenced the northeastern part of Libya. (Hallett, 
2002); (El Hawat and Abdulsamad, 2004); (Hassan, 2010); (Rusk, 2001). 

Summary of the tectonic events in the Northeast Libyan region and their results 
Geological Time Tectonic Events and 

Geological Features 
Depositional Phases 

Quaternary Subsequent to the opening of the  
western Mediterranean Sea tectonic 
events 

Raised beaches, faulted wave-cut 
terraces. Lagoon clays, sabkha 
carbonates, evaporites, beach-dunes 
complex sediments 
 

Pliocene-Pleistocene Re-opening of the Mediterranean Sea 
at the connection to the Atlantic and 
the opening of the Red Sea to the 
Indian Ocean 

Silty-clay sediment  

Middle Miocene Up-arching event of Al-Jabal Al-
Akhdar 

Carbonate sediment  

Oligocene Al-Jabal Al-Akhdar region was 
uplifted  and diastrophic motion took 
place 

Carbonate sediment  

Late Eocene Al-Jabal Al-Akhdar region was a 
subject to several tectonic events and 
being unstable area. 

Carbonate sediment  

Early Eocene Extensive subsidence of the southern 
flank of Al-Jabal Al-Akhdar and 
uplifting the northern part. 

Carbonate sediment  

Paleocene Gentle uplift and erosional events Chalks were deposited 
Late Cretaceous Cyrenaican Orogeny (Right lateral 

displacement resulted in the inversion 
of Al-Jabal Al-Akhdar into uplifted 
horst . 

Chalk-limestones deposited 

Early Cretaceous Opening of the Mediterranean 
associated with rapid subsidence in 
northern Cyrenaica .Dextral shear 
between Eurasia and African plats 

Thick limestones, chalk, and chalk-
limestones and dolomitic-limestone 
were deposited 

Middle and Late  
Jurassic 

Opening of the Atlantic Ocean (left 
lateral movement of Eurasia relative to 
Afric).  Mediterranean started to open 

Marine sedimentations: Limestone, 
shale, and dolomite were deposited 

Late Triassic- 
 Early Jurassic 

Rifting phase associated with the 
separation of Apilia and Turkey from 
north African margin 

Marine carbonates were deposited 

Late Carboniferous-  
Early Permian 

Hercynian Orogeny-Intraplate uplift 
(Lauras collided with Gondwana 

Regression event resulted in deposition 
of classtic sediments 

Devonian Counting of uplifting events Classtic sediments deposited 
Silurian Caledonian uplift events Sequence of Shales, Siltstones and 

Sandstones were deposited 
Cambro-Ordovician Post-Cambrian uplift and events of 

erosional 
Fine-to-Medium sandstones and shales 

Cambrian The southern region of Libya was 
uplifted 

Mixed Paleozoic marine and non-
marine sediments   
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2.4. Paleolatitude During Rifting 
Libyan tectonic settings have been broadly controlled and influenced by the 

evolution of Gondwana and Pangaea in the Paleozoic and early Mesozoic (Hallett, 

2002). The Pangaea super continent formed in the mid-Paleozoic as a result of the 

northern motion of the Gondwana from a southern high-latitude position and collided 

with Laurasia (Hallett, 2002; Stampfli et al. 2013) (Figure 2-5).  

 
Figure  2-5: The super continent of Pangaea during the early Permian: [During the Ordovician, 
Gondwana was located in the southern high latitude then moved northwards during Silurian, Devonian 
and Carboniferous times. In the late Paleozoic, it collided with Laurasia and formed the Pangaea 
Supercontinent. During the early Permian, the Palaeo-Tethys Ocean was developed. A spreading ridge 
became active along the margin of eastern Gondwana and extended into the eastern Mediterranean 
region. A shear zone began to develop between western Gondwana and Laurasia] (Hallett, 2002). 

 

The climate of the Triassic and the geologic activity were influenced by the 

breakup of Pangaea. In general, the continents were of high elevation compared to 

sea level, and the sea level did not change drastically during this period. Due to the 

low sea level, flooding of the continents to form shallow seas did not occur. Much of 

the inland area was isolated from the cooling and moist effects of the ocean. The 

result was a globally arid and dry climate. By the end of the Triassic and the 

beginning of the Jurassic, Pangaea continued to break apart, inevitably affecting the 

climate (Frakes, 1979; Behrensmeyer et al. 1992; Parrish, 1993) 

The middle Triassic apparently was a time of great latitudinal expansion of 

evaporite deposition and of reef building. The Triassic evaporites are the most 
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abundant in the history of the earth, require extreme aridity over two subequatorial 

bands between 10° and 40° latitude (Kinsman, 1969; Frakes, 1979; Parrish, 1993). 

For this reason, mid-Triassic climates are considered to have been relatively warm 

and, possibly, the most arid in earth history. Especially, modem evaporite deposits 

occur at latitudes of 15° to 35° and are directly related to the descending dry air of 

the subtropical conditions. 

The Jurassic evaporites are somewhat less abundant than Triassic ones, but 

they seem to occupy a slightly broader latitudinal zone (Gordon, 1975; Parrish, 

1993). The best climatic indicators among sedimentary rocks that found in the 

Jurassic are evaporites (Frakes, 1979; Parrish, 1993). Substantial deposits of 

evaporites (notably gypsum, anhydrite, and halite) indicate conditions of both 

warmth and aridity, more equable than that of the present day, with tropical-

subtropical conditions.  

During the Triassic-Late Jurassic, North Africa was situated at the Equator 

with a wide shallow shelf forming a passive margin of the Neo-Tethys Ocean 

(Figures 2-5&2-6). Carbonate sediments accumulated on the shelf. Moreover, Hallett 

(2002) and Klett, (2001) documented that the opening of the Tethys seaway has 

caused a sinistral transtensional event in the Tunisian offshore and NW offshore 

Libya, which resulted in the break-up of the Triassic and Jurassic platform sequences 

and created flowage within the Triassic salt deposits. In the Tarabulus Basin, Triassic 

and Jurassic rocks are well developed and evaporites are present in the late Triassic 

in the western portion of the basin indicating the predominant arid with dry tropical-

to-subtropical conditions. 
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Figure  2-6: A map showing the Paleolatitude of the Tarabulus Basin during the rifting time. [During 
the Triassic Pangea has begun to rift starting in the Tethys Sea, which spreads westward into Pangea 
forming Laurasia and Gondwana in the Triassic. For most of the Triassic](Stampfli et al., 2008). 
 

2.5.  Eocene Lithostratigraphy in Cyrenaica Basin 

Detailed stratigraphic knowledge of northeastern Libya is limited to the outcropping 

sections that range from the Cretaceous to late Miocene. The northeast onshore 

exposed area is made up of thick Cretaceous-Paleogene carbonate strata and the 

Eocene carbonate successions form the main exposed portions in the area. 

Stratigraphic nomenclature that is used nowadays was first established by Gregory 

(1911). This classification was slightly modified and developed by some authors 

(Barr and Hammuda (1971), Jorry et al. (2003), and El-Hawat and Abdulsamad 

(2004)) and remains in use until now (Figure 2-7). The entire lithostratigraphic units 

in the Cyrenaica Basin are summarized in Table 2-4. 

Three Eocene formations were defined in the first version of the stratigraphic 

nomenclature. These formations were named after three old cities of Apollonia, 

Dernah, and Salonta. Later studies of the stratigraphy of this area by El-Hawat and 
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Abdulsamad (2004) and Imbarek (2008) have combined the Dernah and Salonta 

Formations into one formation represented as the Dernah Formation (Table 2-4 and 

Figure 2-7).  

Table  2-4: summarising the lithostratigraphy from Late Cretaceous to Miocene in Cyrenaica Basin. 
Age Formations Lithology Comments References 
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It is subdivided into two 
members: The upper Algal 
Limestone and the lower 
Shahat Marl members 
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Light-brown to grayish, 
massive nummulitic limestone 
with local interbeddings of 
dark-grey dolomitic limestone 
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Soft, white chalk-limestone, 
with chert nodules interbedded 
with dark-brown mudstones 

Pa
le

oc
en

e 

Al-Uwayliah 

Chalk, pelagic limestone with 
interbedded green-gray marls 

V
er

y 
lim

ite
d 

an
d 

on
ly

 
fe

w
 

m
et

er
s 

of
 

th
ic

kn
es

s 

(B
ar

r,
 

19
68

; 
B

ar
r 

an
d 

B
er

gg
re

n,
 

19
80

) 

L
at

e 
C

re
ta

ce
ou

s M
aa

st
ri

ch
ti

an
 

Al-Athrun 

Chalk pelagic limestone with 
cherty and slump structures 

O
ld

es
t u

ni
ts

 e
xp

os
ed

 in
 N

E
 L

ib
ya

 a
nd

 
en

co
un

te
re

d 
al

on
g 

th
e 

sh
or

el
in

e.
   

(B
ar

r,
 1

96
8;

 B
ar

r 
an

d 
H

am
m

ud
a,

 1
97

1;
 B

ar
r 

an
d 

B
er

gg
re

n,
 1

98
0)

 

C
on

ia
ci

an
 

Al-Hilal 
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Qasr Al-Abid 

Greenish to yellowish, thin-
bedded marl, with rare 
interbeddings of argillaceous 
limestone 
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Figure  2-7: Chart representing the lithostratigraphic units in northeastern Libya (Source: Hassan 2010). 
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2.6.  Eocene Lithostratigraphy in the Tarabulus Basin 

The northwestern offshore Libya lithostratigraphic framework was established firstly 

by Hammuda et al. (1985) (Figures 2-8&2-9 and Table 2-5). Stratigraphically, the 

oldest rocks encountered in the offshore of northwest Libya are of Triassic age 

(Table 2-5). The oldest rocks in the basin were penetrated by the Well-A1-38, which 

was drilled along the coast near Sabratah City and yielded rocks of Triassic-Jurassic 

age. These rocks are overlain by the Cretaceous and Paleogene rocks, which are 

encountered in most drilled wells in the basin (Hammuda et al. 1985). The 

lithostratigraphic units in the Tarabulus Basin were summarized in Table (2-5). 

The Tarabulus Basin contains thick carbonate strata of predominantly Late 

Cretaceous-Paleogene age. Sbeta (1991) divided the Eocene rocks into two 

lithostratigraphic groups. The Early Eocene Farwah Group is represented by three 

formations: the Bilal, Jirani, and Jdeir Formations. The Jdeir and Bilal Formations 

are mainly limestones rich in larger benthic foraminifera and the Jirani formation is a 

dolomite in lithology (Hammuda et al. 1985 and Sbeta, 1991). 

The upper Tellil Group is composed of three formations, the Harsha, 

Dahman, and Samdun Formations which are not included in this study (Figure 2-8) 

and (Table 2-5). The Eocene rocks are also encountered in the onshore and offshore 

of Tunisia (Bishop, 1985; Fournié, 1978). In addition, the Eocene rocks crop out 

further inland in northeastern Libya. The general Eocene stratigraphy in the 

Tarabulus Basin and its correlation with the Cyrenaica Basin and Tunisian is 

summarized in Figs 2-8 & 2-9.  

The Farwah and Tellil Groups cover the central and western parts of the 

Tarabulus Basin (Hammuda et al. 1985 and Sbeta, 1991). The lateral equivalents of 

these groups are the Ghalil and Hallab Formations, which are distributed mainly in 

the northern and northeastern portions of the basin. However towards the eastern 

portion of the basin, the Eocene shallow water facies of the Tajoura Formation is 

encountered in a few wells and considered to be an equivalent to Farwah Group 

(Hammuda et al. 1985 and Sbeta, 1991) (Figure 2-9). 
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Table  2-5: summarising the lithostratigraphic units from Late Triassic to Miocene in Tarabulus Basin. 
Age Groups and 

Formation 
Lithology Comments References 
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Miocene Al-Mayah Sandy shale interbedded with 
wackestone and packstone with 
abundant planktic forams 

850m of thickness and 
it is present over much 
of TB.  
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Oligocene Dirbal  Fossiliferous wackestone, 
packstone, shales and marls 

limited to southern of 
TB and is 870m in 
thickness 

E
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en
e 

T
el

lil
 G

ro
up

 
  

Samdun Shales with minor siltstones, 
dolomites and anhydrites 

This group is 
distributed widely in 
the TB. The Harsha 
Fm is ~230m, Dahman 
is 40m, and Samdun is 
~260m in thickness 

Dahman Chalk, nummulitic 
limestone 

Harsha Dolomitic limestones, marls, 
dolomites and anhydrites 

Fa
rw

ah
 G

ro
up

 

Jdeir nummulitic-rich packstone-
grainstone and of bioclastic, 
fossiliferous packstone-
wackestone and grads up at 
some intervals to floatstone and 
rudstone 

This group is widely 
distributed in the TB 
and was penetrated by 
most of the drilled 
wells. Bilal Fm is 
~135m in thickness. 
Jirani Fm is ~45m and 
Jdeir Fm is 131m. This 
Group forms the main 
reservoir in the TB.  

Jirani Crystalline dolomite, 
dolomitic-limestone with minor 
anhydrite, 

Bilal Finely fossiliferous 
wackestone-packstone 

Paleocene Upper Al-Jurf shales, and locally carbonates The total thickness is 
414m. Widely spread 
in offshore Libya and 
Tunisia  

  
L

at
e 

C
re
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ce

ou
s 

Lower Al-Jurf Grey to black shale, locally 
sandstone, and limestones 

Bu Isa mudstone, fossiliferous 
wackestone 

290m of thickness with 
wide distribution 

Jamil Grey shales In southern and central 
of TB with thickness of 
500m 

Makhbaz Mudstone/wackestone, in 
places dolomitic and shaley 

184m and penetrated 
by many wells 

Alalgah Dolomites and anhydrites 178m in TB widely 
distributed in TB 

  
E

ar
ly

 C
re

ta
ce

ou
s 

Masid Shales with thin limestone 
bands 

370ms in TB and 
extends into Tunisia 

Turghat Fossiliferous packstone, 
wackestone and grainstone. 

~1026m in few wells 
in TB and may extends 
to the west in Tunisia  

Upper Kiklah Dolomitic sandstone, siltstone 
and shales 

~110 ms of thickness 
in the basin of Kiklah 
Fm 

Mid-late Jurassic Lower Kiklah  Sandstone with shale and 
dolomite. In the middle 
dolomite and limestone and 
dolomite, siltstone in upper part 

Late Triassic- 
Early Jurassic 

Bir Alghanam Evaporite (gypsum and 
anhydrite) 

>1000m Triassic 
rocks; thickens 
northwards to ~1500m. 
Early Jurassic rocks ~ 
700m of evaporites 
forming salt structures. 
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The Farwah Group is mainly composed of a thick succession of carbonate, 

locally shaley dolomite and evaporite. It is underlain by the Paleocene shales of the 

Al-Jurf Formation in the northern sector. In the central part of the basin, limestones 

and shales of Bu Isa and Jamil Formations of Late Cretaceous unconformably 

underlie the Farwah Group. Hammuda et al. (1985) and Hallat (2002) documented 

Early Cretaceous age volcanic intrusions that overlie Early Cretaceous sediments. In 

the far south, the Farwah Group overlies the Early Cretaceous volcanic intrusions as 

the Paleocene is missing. This unconformity is widely recognized, but it is less 

apparent in the north and east where the contact between Farwah Group and the 

underlying rocks of Paleocene is gradational. The Farwah Group is conformably 

overlain by the Tellil Group. Laterally towards the north and east, it passes into a 

single formation (Tajoura or Hallab). The thickness of Farwah Group ranges from 

over 426m at H1-NC-41 in the central portion of the basin and thins towards the 

north and south, where it reaches only 2m at Ll-l37 and locally at Ml-NC-41 the 

Farwah Group is absent (Hammuda et al. 1985, Sbeta, 1991 and Mriheel, 2000).  

 
 

Figure  2-8: Summary of lithostratigraphy in northwestern Libya. Source: (Hammuda et al., 1985). 
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Figure  2-9: Correlation of the Eocene lithostratigraphy throughout the onshore and offshore Libya and their equivalent in Tunisia from Imbarek (2008) after 
[(Barr and Hammuda (1971), Hammuda (1973), El Hawat and Shelmani (1993), Jorry et al. (2003), and El Hawat and Abdulsamad (2004)]. 
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2.7. Petroleum Systems 
Libya has a considerable number of important hydrocarbon areas in the Sirt, 

Ghadamis, Tarabulus, and Murzuq Basins (Figure 2-10). It was reported by Sbeta 

(1990), Mriheel (1995) and Mriheel and Anketell (2000) that major hydrocarbons in 

Libya were sourced from the Silurian and Late Cretaceous shales and the major 

reservoirs range in age from Paleozoic to the Eocene. Sbeta (1990); Bernasconi et al. 

(1991); Mriheel and Anketell (2000) and Imbarek (2008) are among the researchers 

who have studied and summarized the petroleum systems in Libya. Four principal 

petroleum systems are recognized. These are: 1) The Middle and Upper Devonian 

petroleum system mainly in the Murzuq and Ghadamis Basins, 2) The Upper 

Cretaceous Petroleum System in the western part of the Sirt Basin, 3) The Paleocene 

petroleum system in the central and western parts of Sirt Basin, and 4) The Eocene-

Oligocene petroleum system including the Farwah Carbonates in the Tarabulus Basin.  

The Cyrenaica Basin was the first area that attracted oil companies for 

hydrocarbon exploration because it contains large folds, which were thought to be 

promising areas for exploration activities. The only commercial hydrocarbon 

discovery to date in this basin is the Ash Shulaydimah petroleum system. Hallett, 

(2002) has documented that since 1956, 77 exploratory wells drilled in Cyrenaica, but 

the findings were disappointing despite the presence of several oil or gas shows. The 

absence of commercial accumulations of hydrocarbons was referred to the source 

rock quality and maturity and the lack of effective seals (Hallett, 2002). It might also 

be due to the tectonic complexity of the structures in the region. In this region, source 

rocks have been identified in the Jurassic and Lower Cretaceous shales (Duronio et 

al., 1991; Hallett, 2002; Hammuda and Sbeta, 1988). However, the Upper Cretaceous 

and Paleogene-Neogene rocks of Cyrenaica contain promising potential reservoir and 

seal rocks but lack of good source rocks (Figure 2-10). 

Exploration in the Tarabulus Basin began in early 1970s (Hammuda and 

Sbeta, 1988; Rusk, 2001). The NC-41 block represents the most important 

hydrocarbon producing area in the basin including the Al-Bouri Oilfield with 800 

million barrels of proven oil reserves (Rusk, 2001). The main reservoir rocks in the 

basin are the Upper and Lower Cretaceous carbonate and siliciclastic sediments of the 

Kiklah, Turghat, Alagah, Makhbaz Formations and the Eocene nummulitic-

limestones and the porous dolomitic-limestones of the Jdeir and Jirani Formations. 

They are sourced by Cretaceous shales of the Turghat, Masid, Jamil Formations and 

the Lower Eocene carbonates of Bilal Formation (Sbeta (1990; Hallett, 2002). 
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Figure  2-10: Geological map of Libya illustrating the main hydrocarbon sedimentary basins and the petroleum system in each basin. It also shows the oil and gas production and reserves in Libya and in each basin (information are 
collected from: [Mriheel and Anketell (2000)and Hallett (2002)]. (Base map is from Abouessa et al., 2015).



 31

2.8.  Foraminifera 
This section provides a general introduction to the foraminifera fossils. In general, 

forams are predominantly marine heterotrophic protists that are made up of 

chambered tests. Foraminifera belong to the Kingdom Protista, Subkingdom 

Protozoa, Phylum Sarcomastigophora, Subphylum Sarcodina, Superclass Rhizopoda, 

and Class Granuloreticulosea (Flügel 2004). Foraminifera contribute significantly to 

microfacies analyses; provide time markers for biozonations of shallow and deep 

marine carbonates, and help in the understanding and reconstruction of the 

depositional environment. It has also been known that shelf carbonates are built up of 

the shells of benthic forams since the Late Paleozoic. On the other hand, pelagic 

limestones were formed by the shells of planktic foraminifera from the Late 

Mesozoic on-ward (Murray 1991; Flügel 2004). It has been reported that 

foraminifera can be found in a wide range of environments including shelves, 

platforms, ramps, reefs, slopes and basins. They either live on or within the seafloor 

sediment (benthic), or float in the water column at various depths (planktic) (Murray 

1991). 

In regards to foraminiferal shells size, they normally range from 0.1 to 1 mm. 

However, some other foraminifera groups are represented by large tests 

(Nummulites). The range of size between the smaller foraminifera and larger 

foraminifera is about 0.6 mm to 20 cm (Flügel 2004). Morphologically, foraminifera 

tests generally consist of multi-chambers, which are arranged in whorls. They may 

be uniserial that form a single linear series, or multi-serial, which forms two or more 

chambers per whorl (Murray 1991; Flügel 2004).  

2.8.1 Foraminifera Environmental Constraints 

Benthic and Planktic foraminifera have environmental constraints and characteristics 

to tolerate varying depths and substrates, salinity and temperature. The following two 

tables summarize the main constraints of both types of forams.  

Table  2-6:  Summary of the main constraints and characteristics of the benthic foraminifera (Murray 
1991; Flügel, 2004; Swei, 2010 and Jorry, 2004). 

Constraints Characteristic Tolerances 

Salinity 

One of the important controls on the diversity of foraminifera is the 
salinity of the water. Foraminifera tests tolerate normal marine water with 
salinity of 35 %o. Decreasing in water salinity results in decreases of the 
foraminifera diversity. For example, low salinities such as in coastal 
lagoons favour low-diversity assemblages however; high carbonate 
concentrations in hypersaline marine waters favour high-diversity. 

Temperature 
Warm-water, temperate and cool-water settings can be distinguished by 
using benthic foraminifera. For instance, cold-water foraminiferal 
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Constraints Characteristic Tolerances 
associations live in the shallow waters of high latitudes or the cooler 
waters of the deep ocean. The solubility of calcium carbonate is lower in 
warmer than in cooler waters, thus foraminifera accumulations are more 
common in carbonate platforms of low latitudes.  

Oxygen and 
nutrients 

Zones with normal oxygen concentration are favourable for benthic 
foraminifera; nevertheless, the deep-water forms may tolerate very low 
oxygen levels. The oxygen-poor and nutrient-rich waters influence the 
slope and outer shelf foraminiferal faunas considerably which results in 
specific faunas that can only occur in the oxygen-minimum zone of the 
continental slope. 

Substrate 

Different shell morphologies and taxonomic composition associations are 
tolerant of various types of sea bottom. “Microenvironments around the 
sediment-water interface provide distinct substrate-controlled 
microhabitats for benthic foraminifera living free or attached to 
sedimentary grains, algae and sea grass, hard substrates or as infauna at 
depths between 0.5 to about 10 cm” (Flügel, 2004)  

Water depth 

Generally, foraminifera are found in the photic zone. This is because of 
their endosymbiotic associations or they favour habitats within algal and 
sea grass meadows. Endosymbiotic foraminifer depth distribution is 
depending on the type of endosymbionts. For example, foraminifera with 
green or red symbionts are restricted to shallower depths than those with 
diatoms which can tolerate greater water depth.  

 
Table  2-7: Summary of the main constraints and characteristics of the planktic foraminifera (Murray 
1991; Flügel, 2004; Sewi, 2010 and Jorry, 2004). 
 

Constraints Characteristic Tolerances 

Salinity 
Planktic foraminifera are tolerant of marine waters with salinities of 30-
40%o  

Temperature 

Planktic foraminifera are adapted to different oceanic layers with particular 
temperatures. The morphology of planktic forams is controlled by 
temperature. This includes the shape, size and coiling direction of the 
species.  

Substrate 
Planktic foraminifera prefer to live below fair-weather wave base. Several 
authors have attributed variations in test size of fossils to changes in 
substrate, which is related to changes in water depth.  

Water depth 

Planktic foraminifera live in distinct portions of the water column. Most of 
these forams occupy the upper part of the water column representing the 
upper 50 to 100 m near the surface in the photic zone where there is light. 
The planktic foraminifera is absent below 200 m of the water depth.  

 

2.8.2 Nummulitic-rich carbonate deposits 

This section will introduce the nummulitic-rich carbonates and their distribution in 

the Tethys region and in the northern Libya specifically. In terms of their forms, the 

nummulitic banks they form and the hydrocarbon importance of the nummulitic-rich 

limestones, a brief introduction will be given including the discovered oil and gas 

plays of such accumulations. The main factors that control the nummulite 

distribution and control the nummulite morphology (shape and size) will be 
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described. This section will focus on the Eocene nummulitic-rich accumulations and 

their associated larger benthic foraminifera. In addition, this section will highlight the 

symbiotic relationship between the larger foraminifera and photosynthetic symbionts. 

Moreover, the physical and chemical influences such as nutrient supply, substrate, 

water energy, salinity, temperature and taphonomic processes will be introduced 

(Table 2-9 and Figure 2-11). 

Most of the studies regarding the nummulitic-rich deposits have documented 

that there is no recent counterpart for the prolific accumulations of Nummulites 

(Jorry, 2003). Nummulites appeared during the late Paleocene, and then largely 

developed in the Eocene occupying the Tethyan margins and then disappeared during 

the Middle Oligocene (Jorry, 20003 and Sewi, 2010). The diameter of the 

Nummulite tests can reach several centimeters (Flügel, 2004). Leutenegger, (1984); 

Krüger, (1994); Hohenegger, (2004); Hallock et al., (1991) have reported that the 

photoautotrophic symbionts are the only food source for Large Benthic Foraminifera.  

Racey, (2001) reported that the most noticeable fauna that are associated with 

nummulitic-rich deposits include: coralline algae, echinoderms, molluscan, small 

benthic foraminifera and larger benthic foraminifera such as Alveolina, Orbitolites, 

Discocyclina and Assilina. These fauna have adapted to light changes. The main 

characteristics that helped such organisms to tolerate such environments include 

mobility, morphology changes to maximize the surface area available to incident 

light or enable soft substrate dwelling and detritus feeding strategies. Other factors 

such as water depth, energy levels and sediment grain sizes, also affected the 

dominant biota present (Wilson and Lockier 2002). 

The size, shape and thickness of the nummulites tests and the other associated 

large benthic foraminifera are significantly controlled by environmental factors 

including light intensity, which is based on water depth and water turbidity, as well 

as the hydrodynamic conditions (Hallock, 1979, 1981; Hallock et al., 1986; 

Hohenegger et al., 2000). They also have concluded that the transportation of the 

nummulite tests is fundamentally controlled by their hydrodynamic behaviours 

which mainly depends on the size, shape and density of the tests. Jorry (2004) 

reported that after death of the larger foraminifera, their tests could be transported 

easily. This is because of the decay of organic material, which produces gases that 

are trapped in their chambers resulting in buoyancy of the tests. Racey (2001) 

reported that the distribution of the nummulites is not principally controlled by the 
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water depth. However, he suggested that environmental factors that are influenced by 

depth are more important than the water depth itself. These factors include 

temperature, light intensity, water energy, turbidity and substrate type (Figure 2-11). 

Racey, (2001) and Jorry, (2004) have reported that the shape and wall 

thickness of nummulite and larger foraminiferal tests is a good depth indicator. They 

have concluded that the shallow and turbulent environments represented by thicker-

tested forms whereas thinner nummulite tests occupies the low water energy and/or 

deeper water settings.  

Morphologically, the characteristics of nummulitids are large, lenticular 

(lens-shaped) and flattened to sub-globular tests, which contain a single planispirally 

coiled layer subdivided into many simple chambers, which are separated by septa 

(Figure 2-14) (Appendices 3,4, and 5) (Brasier, 1995). Previous studies by 

Beavington-Penney (2004) and Beavington-Penney and Racey (2004) have grouped 

the nummulite tests in two forms based on their asexual and sexual generations 

which are respectively: (1) small A-Form or megalospheric form, and (2) large B-

Form or microspheric form (Appendix 3). The A-Form is distinguished by a large initial 

chamber and small test diameter. The B-Form on the other hand, is distinguished by a 

small initial chamber and large test diameter (Figure 2-14) (Appendices 4and 5). Their 

studies have shown that the B-form is usually characterized by high energy settings 

of the nummulitic-banks where the water is shallow and the energy is high. On the 

other hand, the flanks of the banks are dominated by the A-form of nummulitids and 

large flattened Discocyclina where the water is deeper and the water energy is lower.  

Morphological changes in nummulite tests and the other associated large 

benthic foraminifera are mainly response to their adaptation to light level, which is 

based onto two main factors including: (1) changing in water depth and (2) 

increasing of turbidity. Several authors including (Hallock, 1985; Hallock & Glenn, 

1986; Titlyanov & Latypov, 1991; Rosen et al., 2002) reported that the large 

flattened growth forms of benthic foraminifera generally develop a larger surface 

area in order to receive more light. Hallock (1985) and Hallock & Glenn (1986) have 

reported that larger benthic foraminifera tests increase their diameter because of the 

reduction of the incident light. This is basically as a result of increasing the water 

depth (Hallock & Glenn, 1986).  Moreover, the storms or waves cause turbidity 

within the water column, which reduces the depth of the photic zone, resulting in the 

increase of the test’s diameter. The reworking of the foram tests from shallow water 
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to deeper water will cause increase in their diameter to adopt low light zones 

(Hallock & Glenn, 1986; Titlyanov & Latypov, 1991; Rosen et al., 2002).  

Nummulite tests were classified based on their shape and size, which can be 

estimated by measuring the tests width (W) and thickness (Th) (Racey, 2001; Jorry, 

Davaud, and Caline, 2003). These authors have established a schematic diagram 

representing the different types of nummulites test based on the width and the 

width/thickness (W/Th) ratio. According to the proposed diagram in Figure 2-14 C, 

the nummulite tests can be group in four types, which are:  

(1) Small robust nummulites (SR): (A forms with width less than 1cm and 

W/Th ratio less than 2),  

(2) Small flattened nummulites (SF) (A forms with a width less than 1cm and 

W/Th ratio greater than 2),  

(3) Large robust nummulites (LR) (B forms with width greater than 1cm and 

W/Th ratio less than 2), and  

(4) Large flattened nummulites (LF) (B forms with width less than 1cm and 

W/Th less than 2).  

Aigner (1982) and Racey (2001) have reported that the physical processes 

including the winnowing of matrix material and of smaller A-forms are one of the 

most important factories in the formation of nummulitic-rich accumulations “banks”. 

The physical processes produces sedimentary structures such as the size sorting of 

tests (well to poorly sorted), the packing and imbrication of tests which helps in 

interpreting the hydrodynamics and depositional environments.  

Jorry (2004) documented that nummulitic-rich sediments are considered as 

autochthonous deposits or para-autochthonous to allochthonous deposits. 

Autochthonous deposits are characterized by packstone to wackestone textures, in 

which macrospheric forms (A-form) are much more frequent than microspheric ones 

(B-form). The para-autochthonous and allochthonous deposits are characterised 

mainly by grain-supported and monospecific forms (B-form) and result from 

landward or seaward transportation or in-situ winnowing. Racey (2001) summarized 

the main features that were produced by physical processes and are indicative of a 

para-autochthonous to allochthonous, which are: 

1. The richness in larger B-forms, and smaller A-forms and mud matrix has 

been removed by winnowing. 

2. Scattered broken nummulite tests are common. 
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3. Encrustation of nummulite tests is rare, suggesting continual movement by 

wave or other currents. 

4. High-energy sedimentary structures and imbrication of nummulite tests are 

common. 

5. Grainstone and packstone dominate. 

Flügel (2004) proposed that if in the natural populations small foraminifera (A-form) 

dominate over large tests (B-form), four assemblages could be distinguished to help 

describe the autochthony or re-deposition of the foraminiferal test as well as help in 

recognizing the depositional environment (Table 2-8). These are: 

 

Table  2-8: Summary the four assemblages of the larger foraminifera tests based on A/B ratio (Flügel, 

2004) 

Assemblages A/B ratio Description 

Undisturbed 10: 1 or more 
Wackestone and mudstones; back-bank 
environment, 

Parautochthonous 7: 1 
Poor sorting, packstones; most fines are 
removed by in-situ winnowing caused by 
wave action; abundant in bank facies 

Residual 
Mainly B-forms but 
A-forms still  present 

Dominance of imbricated B-forms suggests 
selective removal of smaller A-forms and 
enriching of B-forms, creating a residual lag, 
 

Allochthonous almost only A-forms Indicating sorting and selective transport 
 

 
 

Racey (2001) concluded that foraminifera with a flattened shape such as 

discocyclina represent relatively deep-water water of the outer ramp settings with 

water depth ranging from 50 to 80m. Smaller sized lenticular in shape (lens-shaped), 

nummulites with alveolina and orbitolites occupy shallow to intermediate settings 

forming a nummulitic banks. Racey also documented that ‘banks’ made up of 

medium to large-sized, lenticular- to globular-shaped Nummulites in the middle 

ramp to inner ramp settings. Robust nummulite tests live in shallow water with thick 

walls in order to protect them from the bright sunlight, which increases the 

photoinhibition of symbiotic algae within the test. The thick walls also protect the 

tests from damage in high turbulent water (Beavington-Penney and Racey 2004). 
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Figure  2-11: A flow diagram showing the relationship between the main factories that influence the 
morphologies and distribution of the larger foraminifera (from (Beavington-Penney and Racey 2004). 
 
 

Racy (2001) documented that a number of authors including (Blondeau, 

1972, Aigner, 1982, 1983 and 1985; Moody 1987) have assumed that the A-Forms 

and the B-Forms alternate, and give rise to an assemblage with an A/B-forms ratio of 

about 10:l.  Aigner (1983) concluded that deviation from this ratio can be used to 

define a “degree of winnowing” as well as to define autochthonous and 

allochthonous populations.  

Based on the shapes, size and the analysis of the associated biota, matrix and 

sedimentary structures, two environments can be assigned to the A-form nummulite 

test including the shallowest or deepest parts of the depth range of a particular 

species (Figure 2-12 A & C)  (Beavington-Penney, 2002). The B-forms are most 

common in intermediate intervals of a specific depth range (Figure 2-12B). This 

distribution could be because sexual reproduction is less likely to be successful in 

shallow, turbulent water, and the large sexual forms are restricted to deeper water 

environments, below fair weather wave base (Beavington-Penney and Racey, 2004). 

Moreover, Loucks et al. (1998) have documented that nummulitic-rich deposits are 

formed in moderately low-energy environments between fair-weather and storm 

wave base. However, recent workers such as Racey (2001); Hasler and Davaud, 

(2001); Jorry et al., (2003); Jorry, (2004) have postulated that nummulite tests could 
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have been reworked in high-energy environments such as shoals, fore-reef-channels 

and storm deposits. Aigner (1985) has concluded that the nummulitic-rich 

accumulation can be formed by three main process including (1) Undisturbed record 

of a prolific biocoenosis, (2) Transportation by wave- or tide-induced currents, and 

(3) Concentration of tests after repeated winnowing. 

 
Figure  2-12: Is showing the variation in test shape along the palaeoenvironmental gradient. A-form 
Nummulites deposited in the shallowest and deepest environments & B-forms are most common in 
intermediate intervals of a specific depth range. (From Beavington-Penney, 2002). 
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Table  2-9: Summary of the main physical and chemical factories that influence the nummulite accumulations (Beavington-Penney and Racey 2004, Flügel, 2004; Jorry, 2004 
and Swei, 2010) 

PROCESSES IMPACT ON NUMMULITES ACCUMULATIONS REFERENCES 

SYMBIOTIC 

Larger foraminifera including nummulites symbiotically lived with photosynthetic algae. 
This could evidence that nummulites occupy warm, clear and shallow waters within the 
euphotic zone with about 120m depth and 25ºC. In terms of the symbiotic relationship, 
normally the nummulites provide a shelter and protection for the algae and receive oxygen 
and nutrients that was produced by the algae as a bi-product of photosynthesis. Large 
foraminifera such as nummulitids, orbitolites and alveolinids forms of complex internal 
chamber morphologies, which are thought to be related to the presence of photosynthetic 
symbionts. It has been reported that algal symbiosis in nummulites is comparable in terms of 
growth and calcium carbonate fixation to that in hermatypic corals.  

(Reiss and Hottinger, 
1984, Racey, 2001,  
Hallock and 
Schlager, 1986, 
Haynes, 1965, 
Hottinger, 1983; 
Hallock, 1984 and 
Ross, 1972) 

LIGHT 
INTENSITY 

AND WATER 
ENERGY 

Most important factors that control the distribution of nummulites are light and water energy.  
The nummulite tests shape is controlled by the interaction between the algal symbiosis 
metabolic requirements, hydrodynamic factors and light intensity and availability (Figure 2-
13). It has been evidenced that the nummulite and the larger foram tests thin and flatten as 
the light intensity decreases when the water depth increases.  This results in a larger surface 
area of the tests for the photosynthetic symbionts to receive enough light. On the other hand, 
forams in the shallower water depth are characterized by oblate and thicker tests as the light 
is available and they can tolerate higher energies related to wave and current activities. Two 
nummulite subspecies were identified including the flattened and robust forms, which are 
attributed to the effects of water energy, light intensity and substrate. 

(Racey, 2001, 
Haynes, 1965, 
Hottinger and 
Dreher, 1974; 
Hallock and Hansen, 
1979, Hallock, 1979, 
Trevisani and 
Papazzoni,1996)   

SUBSTRATE 

It has been reported that the extant nummulitids prefer to develop below the fair-weather 
wave base (FWWB) on coarse sandy substrates. A number of researchers related the changes 
of nummulite tests size to the variations in the substrate, which is related to changes in water 
depth. Other authors reported that the size of nummulite tests was smaller in the deeper clay 
dominated substrate and were larger in shallow-water calcareous and sandy substrate. Two 
A-form nummulite populations were identified associated with seagrass-vegetated 
environments in the Middle Eocene Seeb Formation of Oman.  

(Hohenegger et al. 
2000, Pomerol, 
1981, Beavington-
Penny, 2002) 
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PROCESSES IMPACT ON NUMMULITES ACCUMULATIONS REFERENCES 

SALINITY 

In the offshore settings, a salinity variation has minor ecological significance; however, it is 
of considerable importance in controlling foraminiferal distribution in the nearshore settings. 
Large size foraminifera were abundantly and diversely found in the Gulf of Aqaba with 
salinity ranges from 40-to-41‰. It was reported that, the large foraminifera (rotaliids) are 
typically stenohaline, that tolerant the range of 30-45‰ salinity. Salinity has a noticeable 
influence on the nutrient availability. 

(Hottinger, 1984; 
Hallock and Glenn, 
1986) 

TEMPERATURE 

Physical and chemical properties and biological processes are highly influenced by 
temperature changes in the marine settings. Larger foraminifera assemblages diversity is 
controlled by temperature.  More than 10 species of larger foraminifera were found in 
tropical to subtropical, shallow-water. On the other hand, very warm and warm temperature 
shallow-water settings represent fewer species. Hollaus and Hottinger (1997) have reported 
that the distribution of larger benthic foraminifera is restricted to temperature ranging 
between 16 and 18ºC that is related to the minimum temperature requirements for the growth 
of their endosymbionts.  

(Beavington-Penney 
and Racey, 2004; 
Murray, 1991; 
Hollaus and 
Hottinger (1997) 
Langer and 
Hottinger, 2000) 

TAPHONOMIC 

It has been observed by Beavington-Penney (2004) that the Eocene nummulite tests can be 
damaged by large bioeroders including fish and echinoids, as well as the turbidity currents. 
Moreover, bioerosion, dissolution, and compaction have contributed to extra damage of the 
nummulites tests.  

(Beavington-Penney, 
2004) 
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Figure  2-13: Skitch diagram is illustrating the change of the shape in three Indo-Pacific species of 
Amphistegina (LBF) in a respond to the change of water energy and light intensity. These are (1) A. 
lobifera, high-energy, high-light environment; (2) A. lessonii, moderate-energy, high-light 
environment; (3) A. lessonii, low-energy, moderate-light environment; (4) A. lessonii, low-energy, 
low-light environment; and (5) A. papillosa, low-energy, very low-light environment (From 
Beavington-Penny and Racey, 2004). 
 
  

The southern margin of Tethys is one of the well-known areas of Eocene 

nummulitic-rich carbonate deposits including the area of study of this project. They 

mainly contain nummulitic-rich grainstones and silt-sized nummulithoclastic 

packstones (Jorry, 2004). These accumulations are abundant in the Mediterranean 

region, the Middle East, North Africa, and the Indian Subcontinent (Figure 2-15) 

(Racey, 2001 and Jorry, 2004). In northern Africa, nummulitic-rich deposits are 

distributed along the southern margin of the Mediterranean Sea extending from the 

western desert of onshore Egypt. Huge amounts of carbonate deposits rich with 

nummulitids are intensively exposed in the northeastern part of Libya. The same 

lithofacies of nummulitic-rich carbonates extends towards the west to the subsurface 

of Sirt Basin which is in turn extends into the subsurface of the Tarabulus Basin. 

Similar accumulations are found in offshore Tunisian waters and are exposed on-land 

in the eastern part of central Tunisia. It can be recognised that the nummulitic-rich 

lithofacies forms a belt-like trend from east to west along the northern portion of 

Africa (Figure 2-15).  

Nummulitids in northern Africa range in age from late Paleocene to Eocene 

and the early Oligocene times. However, the greatest diversity of Larger 

Foraminifera and in particular nummulitids is realized mainly in the Eocene Epoch. 

Beavington-Penney and Racey (2004) have proposed that temperature plays an 
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important role in controlling larger foraminifera diversity. For example tropical to 

sub-tropical, shallow-waters are characterized by more than 10 species. However, 

very warm and warm-temperate, shallow-water environments between 31°C to 20°C 

generally contain fewer species. 

Nummulitic-rich limestones have been recognized lately as one of the most 

important hydrocarbon-bearing accumulations forming excellent oil and gas 

reservoirs in many places around the world (Jorry 2003). They represent exploration 

targets in some parts of North Africa, the Mediterranean Sea including Libya, 

Tunisia, and Egypt and the Middle East including Oman as well as in Italy, Iran, and 

Pakistan. These rocks form the main hydrocarbon reservoirs in most of the oilfields 

in the offshore region between Tunisia to the west and in the offshore waters of 

Libya (Mriheel and Anketell 2000). It has also been reported that there are some 

discoveries in the Sirt Basin producing oil and gas from a nummulitic-rich unit of the 

Eocene Gialo Formation. This formation is very similar to the Jdeir Formation in 

terms of the lithology and their faunal contents (Sewi and Tucker 2012).        

Previous studies and laboratory experiments have proven that the 

nummulitic-rich accumulations are characterized by good to excellent porosity 

ranging approximately between 10% to 26% and permeability ranging from 10-50 

md (Racey 2001 and Jorry 2003). The quality of the nummulitic-rich reservoirs is 

mainly controlled by the preservation of intra-skeletal porosity of the nummulite tests 

(Racey, 2004). In the Jdeir Formation, offshore northwestern Libya porosities reach 

up to 40% (Mriheel and Anketell, 2000). The chance of forming high quality 

hydrocarbon reservoirs in nummulitic-rich accumulations increases if compaction 

and cementation by late burial cements, nummulithoclastic debris and lime-mud are 

not present. The sorting of the nummulite tests should be well to moderate for high 

quality reservoirs (Racey, 2001). Diagenesis including dissolution, dolomitization, 

fracturing, cementation and compaction are the main control on increasing or 

decreasing the porosity in nummulitic-rich accumulations (Mriheel and Anketell, 

2000 and Racey, 2001). 
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Figure  2-14: Poster illustrates detailed aspects of the Eocene Nummulitids. (A) Shows the external and internal structures of Larger B-Form nummulite tests (From(Beavington-Penney and Racey, 2004) . (B) shows the main two generation forms of Nummulites: 
The small asexual, A-form and larger sexual B-form (From: (Racey, 2001)). (C) Shows the classification of Nummulites based on their size and shape (re-drawn after (Jorry et al., 2003). Photographs are from this study. 
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Figure  2-15: (A) geographic distributions of the Eocene nummulitic-rich carbonate deposits (after 
Racey, 2001). (B) the Eocene carbonates facies distribution in northern Libya. The photos show the 
nummulitid lithofacies in diferent places. Tunisia and Sirt Basin data are from (Imbarek, 2008 after: 
Abadi et al. 2008, Jorry et al. 2003 and El-Hawat 1980). 
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Chapter 3 : DATA COLLECTION AND METHODOLOGY 
3.1. Introduction 

Different methods have been employed at different scales in this study (Figure 3-1). 

Seismic interpretation, (to study the reservoir geometry and distribution and salt 

tectonics phenomena), core analysis, outcrop analogue studies (to study lithofacies, 

sedimentological reservoir characteristics, reservoir analogues), and petrographic 

analysis (to study lithofacies, reservoir characteristics, diagenetic processes, and 

fauna components) were collectively applied. Petrographic analyses were conducted 

on 330 samples from exposed Eocene successions as well as from the cored wells 

 

Figure  3-1: A chart summarizing the main objectives of the study and the methods applied in the 
geophysical and sedimentological approaches. 
 

 

3.2. Geophysical data and Methods 

The geophysical data-set used in this study encompassed a network of 70 2D seismic 

sections with a total line length of approximately 800 km covering the entire NC-41 

block with a large line spacing of (A75-200m). Seismic surveys A 78 and 94 were 

acquired with a smaller line spacing over specific structures (A-78 with 50m line 

spacing and D-94 with 26.67m line spacing ) (Figure 3-2) and (Table 4-1).  
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Figure  3-2: [1] NW offshore Libya location map showing the NC41 block and the Al-Bouri Oilfield 
(redrawn after Mriheel et. al. 2000), [2] a map showing the well location in the NC41, [3] a map 
showing the seismic network and the cored wells selected in this study. 
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Seismic data was shot in different years including 1975, 1978, and 1994 with 

different sources and parameters, different gridded networks and different directions 

over the entire study area, depending on the exploration purposes. The shot point 

location map of the various seismic lines is shown in Figure 3-2. Additionally, 33 

drilled hydrocarbon exploration wells, most of which penetrated the Eocene 

successions in the offshore area, were tied to the seismic sections. Synthetic 

seismograms built from the acoustic logs of the available wells were constructed. All 

the tops of the penetrated formations were used with the synthetic seismograms in 

order to achieve an adequate seismic interpretation and accurate horizon picking and 

tracking (Figure 3-2 [3]). The digital (SEGY format) lines were loaded into Kingdom 

and Petrel software in order to pick the horizons, faults, and identify the salt-related 

structures. 

3.3. Sedimentological Data and Methods 
3.3.1. Core Description 

Core analysis was involved in this study in order to determine the subsurface 

lithofacies and observe the diagenetic components that have modified the lithotypes 

and affected the reservoir quality positively or negatively. Sedimentary structures, 

fauna components, subsurface lithofacies and diagenetic features were taken into 

account during the core investigations.  

The study consisted of detailed logging of seven drilled and cored wells 

through the Eocene succession in the subsurface of Tarabulus Basin. These wells are 

B2, B4, B7, C3, C7, C8, and H1 (Table 3-1 and Figure 3-2). Five supplemental 

cores, previously logged by Dr. Minas, were examined by the author and are 

included in the study. Cores were chosen from carefully selected wells throughout 

the NC-41 block to represent the entire study area (Figure 3-2). Cores were examined 

at the ENI Core House in Tripoli, Libya. Cored intervals penetrating the Eocene 

carbonate rocks were chosen to document the nature of lithofacies across the study 

area. Depositional fabrics, biologic components, sedimentary structures, and 

lithologies were recorded at a scale of 1:10 based on a template originally created by 

the author based on an initial core inspection. Digital logs were created using 

CorelDraw and Strata-Draw programs. Core photographs were taken with a Digital 

Sony Camera in order to illustrate a detailed sedimentological interpretation and to 

determine the most common lithofacies at different depths, which were then used to 

determine the environments of deposition. 
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Table  3-1: This table showing the described wells location and the length of the cored intervals (From 
INE Oil Company) 
 

Well 
Name 

Longitude Latitude 
Described Core 

Length (m) 
Cored Units 

B2 12°34'10.806" 
 

33°55'40.170" 
 170 Farwah Group 

B4 12°39'02.581" 
 

33°55'19.060" 
 240 Farwah Group 

B7 12°42'40.050" 
 

33°55'23.840" 
 120 Farwah Group 

C3 12°37'22.310" 
 

33°44'10.943" 
 

200 
Farwah Group+ 

Harshah Fm. 

C7 12°25'41.542" 
 

33°40'31.951" 
 

150 
Farwah Group+ 

Harshah Fm. 

C8 33°46'00.62" 
 

12°50'45.838" 
 120 Farwah Group 

H1 12°43'10.333" 
 

33°26'09.971" 
 60 

Farwah Group + 
Bu Isa Fm. 

 

3.3.2. Outcrop description 

Outcrop studies are very important tools in modern petroleum geology research to 

understand and explore the subsurface hydrocarbon reservoirs and their lithofacies 

by applying the outcrop reservoir analogue techniques (Flügel, 2004). Three field 

trips were organized to the field area for the purpose of collecting as much data as 

possible. To aid in the field study, topographic maps and vertical aerial photographs 

were obtained from the Research Institute of the Ministry of Industry (RIMI) in 

Tripoli and from the Geological and Environmental Department of Al-Mergib 

University in Libya. 

The first visit to the field area in the Al-Jabal Al-Akhdar region was four days 

long during the summer of 2006 a reconnaissance visit of the sections and for initial 

observations of the Eocene successions (Figures 1-1 and 1-2). During this excursion, 

the nummulitic-rich unit was observed and thought to be a very good outcrop 

reservoir analogue to the nummulitic-rich units in the subsurface of northwest 

offshore region as the outcrops and the cores represent similar nummulitic-rich 

accumulations (Figure 3-3). Data collected during this trip was initially used in the 

master project submitted to Dalhousie University (Imbarek, 2008) to describe the 

Eocene sections. An intensive 10 days field trip to the study area was held in 2009 in 

association with Professor Minas from Al-Mergib University in Libya. During this 

trip, descriptions of the Eocene outcrops were completed on selected sections 
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covering most of the area. These sections were logged at a scale of 1:10 and sampled 

for understanding the sedimentological characteristics. The most recent field trip to 

the study area was executed in March 2012. This field trip was implemented to 

collect some missing information encountered by the author during the analyses of 

the previously collected data. Thus, additional outcrop sections were selected and 

described in detail including sampling and field sedimentological and stratigraphic 

logging. During the fieldwork, sedimentary structures, on-site grain size analysis 

using grain size scale and hand lens were documented and supported by 

photographic documentation. Photos were used to show and trace the boundary 

surfaces between the detectable lithofacies and delineation of the outcrop reservoir 

analogue geometry and continuity. A large number of samples (600) were collected 

in order to establish detailed petrographic studies.  
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Figure  3-3: Illustrating the similarity between the Eocene nummulitic-rich rocks in the outcrops and in the subsurface. 
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Seven stratigraphic sections shown in Figure 3-4 and listed in Table 3-2 were 

measured in the field along the Al-Jabal Al-Akhdar escarpment and the vicinity of 

Dernah area where more detailed sections were measured for lithofacies 

interpretations along the road cut linking Dernah and Al-Qubah cities (Figures 3-4). 

The measured sections range from 24 to 460 meters. Outcrop observations were done 

on m-to-cm-scales in order to obtain detailed description of the Eocene successions. 

Beds and lithofacies thicknesses were measured using a metric tape.Detailed 

columns of the outcrop sections were constructed and illustrated digitally using 

CorelDraw program supported by the Strata-Draw software based on textures, 

sedimentary structures, fossils content and their associations.  

 

Table  3-2: Summary of the measured sections from northeast Libya showing the location and the 
encountered formations and their thickness. 

  

Sections 

 
Location 

Thickness 
Al-

Athrun 
Fm. 

Ras Al-Hilal 
Group Al-

Baydah 
Fm.  

Latitude 
 

Longitude 
Apollonia 

Fm. 
Dernah  

Fm. 

Al-Marj 
 

32°33'25.00"N 
 

21° 4'8.29"E 
24m   * * 

Shahat -
Susah 

 
32°49'47.06"N 

 
21°52'2.01"E 

460m 
  * * * 

Al-Hilal 
 

32°54'18.13"N 
 

22° 9'56.77"E 
120m  *   

Pyramid 
Peak 

 
32°52'2.53"N 

 
22°20'54.12"E 

70m * * *  

Wadi Al-
Athrun 

 
32°51'53.24"N 

 
22°16'52.60"E 

33m * *   

Ain Al-
Dabusseyah 

 
32°50'40.77"N 

 
22°16'54.95"E 

300m 
  * *  

Dernah-Al-
Qubah 

 
32°47'18.34"N 

 
22°30'32.71"E 

170m 
   * * 
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Figure  3-4: Maps of outcrop area (showing the measured sections. One section is showing on (A) and 
Six section in (B). (A) General view of northeast area and Al-Jabal Al-Akhdar up-lift between 
Benghazi and Dernah cities. (B) A close up of the study area of the northern flank of Al-Jabal Al-
Akhdar Uplift showing the six measured sections and it is showing the main three lithostratigraphic 
units. (C) A close-up of western Dernah road cut and the detailed measured sections of Dernah 
Formation along the outcropped cliffs. Maps B and C are re-drawn and modified from Imbarek 
(2008). DMS: Dernah Measured Sections 
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3.3.3. Sampling 

In this project, a total of 600 samples were collected from the subsurface and outcrop 

successions. In particular, the lower, middle and upper portions of each lithofacies 

were sampled with extra sampling if required for the most important lithofacies. A 

large number of samples were collected during the last field trip in order to cut and 

polish them to provide a polished surface to recognize the fossils and some of the 

small-scale sedimentary structures (Figure 3-5). A total of 330 carbonate rock 

samples were thin sectioned for microscopic analysis. Samples were taken for 

petrographic analysis based on the diversity of faunal component in the Eocene 

lithofacies. Samples of large fossils including nummulitids, gastropods, bivalves, and 

echinoderms were collected. These samples showed the good preservation of these 

fossils in the Eocene rocks.  

 
Figure  3-5: Cut and polished outcrop samples showing the large and small flattened types of 
nummulite tests (S-F-Numm: small flattened nummulitids, L-F-Numm: large flattened nummulitids). 
 

3.3.4. Petrography and Scanning Electron Microscopy 
Petrographic examination techniques have been employed to reveal microscopic 

sedimentological characteristics of the rock samples, by using high quality 

microscopes (Wilson, 1975 and Flügel 1982, 2004). This includes texture, fauna 

components, nummulite types, rock minerals, reservoir rock properties (porosity and 

permeability), microstructure and diagenetic features.  

2cm 
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The thin-sections were produced by the author in the geological labs of ENI 

Oil Company and the Department of Geological and Environmental Studies of Al-

Mergib University. The thin sections were examined in terms of their petrographical 

and textural criteria by an optical microscopy (Olympus BH-2) with a high quality 

digital camera linked to a windows-based computer with high specifications. 

JMicroVision Image Analysis software was installed on the computer for image 

interpretation and determining the porosity (Figure 3-6).  

Scanning Electron Microscopy (SEM) is one of the most powerful methods 

for studying diagenetic features and pore systems in reservoir rocks (Flügel 2004). 

SEM was used to characterize the micro pores in the nummulite tests and to briefly 

examine the influence of diagenetic processes especially the calcite cements that fill 

pore-spaces within the nummulite tests. These samples were selected after 

completing the optical microscopic work.  The SEM analysis was performed at the 

Research Institute of the Ministry of Industry (RIMI) in Tripoli. 

The percentages of the main fossils components have been quantitatively 

analysed for each lithofacies based on the thin section and hand samples 

investigations, which helps in establishing the depositional models. Moreover, the 

nummulite test types including large and small flattened and robust have been 

established.  The A- and B-forms of the nummulites in a number of samples and thin 

sections were counted and classified using JMicroVision Image Analysis software 

(Figure 3-6). This is in order to calculate the relative density of each form and the 

A/B ratio. This in order to compare the results with the “normal” A/B ratio for a 

nummulite limestone, which is traditionally reported as 10:1 (Racey, 2001).  

Image ProPlus computer software was used to provide a rapid method to 

acquire, process, and analyze images. Image-Pro Plus provides a digital method to 

measure the porosity in selected samples. This technique was firstly introduced by 

Imbarek (2008) where only few samples from the outcrop sections were evaluated. 

Images were captured by the camera and then imported into a PC equipped with a 

graphics card and the Image Pro Plus software. Porosity then was measured 

following the steps illustrated in figure (3-7). Magnification, light source, light 

intensity, and light polarity were standardized so that measurement techniques were 

comparable on all thin sections. Images were then saved as “TIF” image files. 
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Figure  3-6: Print-screen view of the JMicroVision Image Analysis software showing the point counting method used to classify the nummulite types and find out the 
percentages of each fossil component if the lithofacies.  
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STEPS & ILLUSTRATION DESCRIPTION 
Select a particular color 
from the tools bar to 
identify the porosity (Red)  

Place the cursor on pores 
and click on them. The 
software fills the pores 
with selected color. Keep 
repeating this step to make 
sure that all pore spaces 
are tallied.  
 
 

Then a new color 
(Yellow) should be 
selected with the cursor 
and place the cursor on 
the matrix and keep 
clicking until all matrix 
identified and tallied. 

1 

2 

3 
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STEPS & ILLUSTRATION DESCRIPTION 

 

After that, click on count 
button, and then select the 
Range Statistics tool. 

 

the Range Statistics tool 
will automatically give the 
average of porosity 
percentages. 

 

These results can then be 
exported and saved as an 
Excel file for further 
analysis including 
mapping. 

Figure  3-7: Screen capture using of Image Pro Plus software. This is a screen capture in color-
segmentation mode. The cursor was placed on any pore (Red). Pixels of that red color as well as other 
pixels of that color in the image (other pores) were then identified. [1] Color selection, [2] classes 
color selection, [3] segmentation, [4&5] Range statistics, [6] exporting data into Excel file. P: Pore 
space and N: nummulitids grain or cement. The total porosity seen in an image (abundance) is the 
ratio of the sum of all pore areas to the area of the entire image.  

4 

5 

6 
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Chapter 4 : SALT-RELATED TECTONIC ACTIVITY IN THE 
TARABULUS BASIN 

Hallett (2002) and Sbeta (1991) have reported that the Upper Triassic-Lower Jurassic 

section of the Tarabulus Basin contains evaporites that form thick salt deposits. 

These evaporites were deposited during the rifting stage of basin evolution. Salt 

structures are evident on seismic sections and the main discoveries in the Al-Bouri 

Oil Field are producing from Eocene nummulitic-rich carbonate rocks, which were 

developed on salt-supported structures (Hallett, 2002). The National Oil Corporation 

of Libya (NOCL) with other oil companies has documented a great deal of 

geological information about the Tarabulus Basin, but information about the 

development of the salt tectonics and salt diapirs in the basin has not been published.  

4.1. Introduction: 
This chapter presents the results of seismic interpretation in the NC-41 concession in 

the Tarabulus Basin (Figure 4-1). The current study is established to investigate the 

salt tectonics in the basin more adequately and to focus on the main structures that 

were produced by the salt movements as well as the deformation, development and 

the growth of the salt and its upward movement. 

The aims of the seismic reflection study presented in this thesis are: Firstly, to 

give a regional picture of the structure of the study area, locating the salt-related 

structures, folds and faults. Secondly, to investigate the extent of the salt structures, 

their configuration and particularly their influence on the development of overburden 

sedimentary sequences by extracting a geo-seismic cross-sections from the seismic 

profiles. This helps understanding the effect of salt tectonics on the petroleum 

system. Thirdly, produce contour maps of the Farwah Group (Figure 4-2). 

4.2. Seismic Interpretation: 
The interpretation described in this study is of reflection seismic data of 70 2D 

seismic lines. Eight of these seismic lines were initially investigated in the Master’s 

Degree (Imbarek, 2008). These lines belong to different surveys that were carried out 

over a period of time including between 1975and 1994 (Figure 4-1). Table 4.1 

summarizes the source types and recording parameters of these surveys and their 

quality. For seismic interpretation, the Seismic Micro-Technology (SMT) Program 

(Kingdom Software 8.8) and Petrel were used for geophysical and geological 

interpretation in 2D and 3D display modes (Figs 4-1 and 4-2). Wells were also 

loaded into Kingdom and Petrel software and were used to tie the seismic 

interpretation to the stratigraphy observed in the wells using synthetic seismograms 

(Figs 4-3 and 4-4). 



59 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4-1: Showing a 3D view of the seismic survey in NC-41 Block in Tarabulus Basin. To the right it is showing a 2D view of the survey and a closed loop. 
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Table  4-1: Seismic source and recording parameters used in the surveys (From INE Oil Company). 

 
 
 
 
 

 
 
 
Figure  4-2: Generalized flow-chart adopted for this chapter illustrating the main results of the 
interpretation of the Geophysical Data used in this study. 
 

 

Sonic log, density log, resistivity log, and seismic wavelet were used to 

created synthetic seismogram. Time-depth (TD) charts are made from well check-

shots and used as local TD charts to generate the synthetic seismograms. The created 

synthetic seismograms were compared with traces extracted from the 2-D seismic 

volume near a specific well. They were used to obtain a close match between seismic 

reflection and formation tops. Well-seismic ties were achieved by correlating 

reflections on the seismic section with the synthetic seismogram through good visual 

matching of individual peaks and troughs and their patterns (Figs 4-2, 4-3 and 4-4).  

Parameters A-75 A-78 D-94 

Shooting date 1975 1978 1994 

Group interval 50m 50m 13.33m 

Line spacing 200m 50m 26.67 m 

Sample rate 4 ms 4 ms 4ms 

Quality Good to very good good Very Good 
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Figure  4-3: seismic section showing the tie-up between two wells (B2 and D2) with a seismic section. 
Formation tops are posted along the wells and match with the seismic reflectors. 

 
Figure  4-4: Two synthetic seismograms constructed for B4 / B8-NC41 wells showing the top of 
Farwah Group (FW). 
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In order to minimize the uncertainty in picking horizons, seismic tie lines and 

closing loops techniques around survey were used (Figures 4-1 and 4-5). This is 

based on the quality of the data, the shooting parameters, and the data sources. The 

seismic lines from 1994 (D-94) survey in the northern part of NC-41 concession 

represent good to high quality data. Most of the wells were tied to the seismic 

sections and a series of closed loops have been achieved, and no mis-tie was 

observed. The 1978 (A-78) seismic lines are close together; and they represent 

different scale sections, which were tied with the other sections. For the 1975 (A-75) 

seismic lines, most of the loops of the picked horizons have been closed. 

 
Figure  4-5: Showing an example of seismic tie lines and closed loops representing a drilled salt-
related structure (anticline fold). 
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Table  4-2: Showing the stratigraphic names and the formation tops (from ENI Oil Company) 
 

 
 

4.2.1. Horizon Picking 

The procedures used to identify the seismic reflectors commenced by examining the 

entire seismic profiles that intersect with one of the drilled wells. Most of the 

reflectors were identified, picked and tracked based on the formation tops provided 

with the wells (Table 4-2). A top-to-bottom approach was applied, that is principally 

based on interpreting the reflectors at the top of the seismic sections and working 

toward the bottom. This is because the reflectors clarity is much better and the 

resolution of the data is higher at the top of the section. 

Most of the recognized horizons were tracked as full colored lines. In the case 

of uncertain interpretation (doubtful correlation/poor reflection), the lines were 

drawn as dashed lines. All displayed interpreted horizons were then identified in a 

color-coded legend (Table 4-1).In this study, selected seismic sections were used to 

illustrate the picked horizons (Figure 4-6). Several horizons were detected and 

identified along these seismic sections between the top of the salt structure and the 
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lowermost horizon, which could be readily distinguished. The Eocene Farwah Group 

horizon is the only horizon that was interpreted across the entire data set and the 

remaining horizons were interpreted on selected seismic profiles in order to created 

geo-seismic sections (Figure 4-6). A subsurface counter map of the top Eocene 

Farwah Group horizon was generated and interpreted (Figure 4-10). 

 

Table  4-3: The main picked horizons and the color codes 
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Figure  4-6: Locality map of northwest offshore Libya showing (1) Tarabulus Basin, NC-41 Block, and Al-Bouri Oilfield and the most important tectonic elements in the area. 
(2) Enlargement of NC-41 Block showing the seismic survey and the drilled wells used in this study (Red lines are the selected seismic sections). 
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4.3. Seismic Stratigraphy 
This section represents the main stratigraphic packages that have been identified 

along the seismic sections. Particular attention was given to the Eocene packages as 

they are the main target of this study. Figures 4-7, 4-8 and 4-9 show the structural-

stratigraphic evolution along the NC-41 concession. The deepest seismic horizons 

picked belong to two formations of Late Cretaceous age including the Al-Alalgah 

and Abu Isa Formations. The seismic reflectors of the two formations were fairly 

strong which allowed them to be tracked along the seismic sections. The Upper 

Cretaceous is represented by thick packages in the central part of the NC-41 which 

thin towards the north and the south covering the Triassic-Jurassic salt mass. These 

packages have been faulted and folded adopting the top of the salt intrusion. The 

Paleocene reflector is fairly good and is represented by moderately thick package of 

the Al-Jurf Formation. These packages have also strongly adopted the fold structures 

in the central part and are similarly thick in the center and thin south and north 

wards.  

The top of the Lower-Middle Eocene Farwah Group is represented by strong 

and continuous seismic reflectors along the seismic sections in the NC-41 

concession. This has allowed tracking the top Eocene horizon all the way along the 

seismic sections and around the closed loops. It attained its greatest thickness in the 

central part of the concession where there is a complete section and thins toward the 

north are south. Internally, the Eocene packages forms prograding clinoforms that 

onlap the top of the fold structures. These packages strongly corresponded to the fold 

structures and were impacted by some faults (Figures 4-7 & 4-8). The Lower to 

Middle Eocene interval on some seismic sections showed a rapid seismic character 

change with the nearby carbonates forming a bank or reef-like morphology. This 

feature is imaged on several lines but was accurately seen at the Al-Bouri Oil Field.  

The Upper Eocene Harsha and Dahman Formations also show strong and 

continuous seismic reflectors. They represent almost same thickness along the 

sections and they have adapted to folding structures in the central part of the 

concession. They are characterized by forming clinoforms onlapping the folded 

highs. The Eocene packages are followed by a very thick succession of the 

Oligocene-Miocene. These packages are represented by very strong, almost flattened 

and continuous seismic reflections. They do not show a clear influence by the fold 

structures.  
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Figure  4-7: S-N seismic section illustrating a generalized seismic structural-stratigraphy section in NC-41 Block in Tarabulus Basin. On the right of the figure is a close up of the some seismic characteristics (For location see figure (4-3 [1])). 
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Figure  4-8: Representing a seismic section with the horizons picked throughout the line and sketched in (D) as a geological cross-section. (A) Location of the seismic line, (B &C) Un-interpreted and interpreted seismic section, (D) Sketched cross section. 
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Figure  4-9: Seismic section and sketched profile showing the Eocene Farwah Group and the main faults that are associated with salt movements and the tectonic activity. (F-F`) is 
a listric fault associated with antithetic faults. 
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Figure  4-10: (a) and (b) are an S-N seismic section and a subsurface couture map of the top Eocene Farwah Group showing three salt-related structures (C, B and 
D) and their E-W trend which have been formed as a result of salt intrusion. The salt dominated part, in the western and northern portions, the continental shelf part 
in the southern portion, and the thick sediments part in the eastern portion. 



71 
 

4.4. Structural Styles 
At first glance to the N-S oriented seismic sections show three main structural 

elements: (1) the northern high, (2) the southern high, and (3) the subsiding basin in 

the central part of the seismic sections (Figure  4-7, 4-9, 4-10). The central part of the 

concession is represented by thick sedimentary successions and dominated by 

structural highs of contractional salt-cored folds sandwiched by several mini-basins 

(Salt withdrawal basins) which are the main structures observed along the seismic 

sections. Faults were recognized and picked along the seismic sections.  

4.4.1. Faults 
 

Different types of faults have been observed along the seismic sections in the study 

area, in the southern, central and northern portions of the N-S trending seismic lines. 

The observed faults in the subsurface of the Tarabulus Basin can be broadly 

categorized into two main types from the deep parts of the seismic sections to the 

shallower parts (Figure 4-7) including:  (1) Normal faults that influenced only the 

basement of the basin and in some cases penetrate through the sedimentary sections 

which might be as a result of an early rifting regime. Such faults are significantly 

representing an effect of extensional settings in the basin. These extensional events 

might be a result of the rifting system that occurred during Triassic-Jurassic time. (2) 

Reactivated faults affecting the shallower sedimentary sections.  

Several selected examples of seismic sections have been interpreted in order 

to illustrate the faults. For instance, the seismic sections that was shown in Figure 4-7 

and Figure 4-9 representing a major feature of faulting. A listric fault was 

represented in the southern part of the seismic sections (L). This fault has probably 

influenced the entire section from bottom to top. This type of fault might have 

resulted from overburden subsidence in the central part of the concession. The 

curvature of the listric fault (L) encouraged some antithetic faulting to form which 

have created grabens that have been observed along the shallow sections.  

4.4.2. Salt-related Structures and their Morphologies 
 

Three types of salt-related morphologies have been interpreted and in the Tarabulus 

Basin based on their types, style, and morphology including: (a) Salt diapirs, (b) Salt 

walls, and (c) Salt pillows. These structures were developed as a single and multi-salt 

stock.  
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4.4.2.1. Salt Diapir Structures 

In petroleum geology, the term diapirs are defined as an intrusion of salt into the 

overlying sedimentary layers. Formation of diapir structures is thought to be as a 

result of unequal loading of a layer of material of small equivalent viscosity (Hudec 

and Jackson, 2007). The best known diapiric materials are salt which may be less 

dense than the overlying compacted rocks. Therefore, when the salt diapir formed the 

buoyancy forces tend to elongate the vertical deformation of the overlying 

sequences, which is based on the amount of the surrounding sedimentary rocks. The 

deformed overlying layers around and above salt diapirs forms potential petroleum 

traps (Hudec and Jackson, 2007). Development of one salt diapir could initiate a 

whole series of other types of the salt related-structures (Parker and McDowell, 

1955), (Hudec and Jackson, 2007) and (Fossen, 2010).  

The most easily recognized salt-related structures in the NC-41 block are the 

salt diapirs, which are seen along most of the seismic sections. A number of seismic 

sections have been selected to illustrate this type of salt structures. In this study also 

seismic interpretation has shown that salt has been developed as a single salt 

structure in some places and as multi salt diapirs in other places.  

Seismic sections in Figures 4-11, 4-12, 4-13, 4-14 and 4-15are located in the 

western part of the basin and trend NW-SE and N-S. They illustrate the salt diapirs 

especially in the northern and central parts of the profiles. These salt diapirs are 

assigned as SDl, SD2, and SD3. The salt diapirs SDl and DS2 are asymmetrically 

developed and they are coupled with some faulting along the sides and separated by 

thick sediments (Figure  4-12 and Figure  4-13). The salt diapirs formed a series of 

contractional folds. The salt diapirs are located at the positions of wells B2-NC41, 

D2-NC41, and C4-NC41 ((SDl) and (SD2)), whereas the salt pillow (SP) is sited at 

the B8-NC41 location (Figure  4-8, Figure  4-12). 

Seismic sections conducted in different directions with a smaller line spacing 

have showed the characteristics and geometries of the salt diapirs in different 

directions. These salt diapirs are developed and deformed in association with several 

faults (F) on either side of the diapir as well as at the top (Figure  4-12, Figure  4-13). 

Graben-like structures (GS) were seen in the shallower parts of the section on top of 

the diapirs (Figure 4-15). The flanks of the salt diapirs are filled with a thick 

sediment sequences and formed a rim-syncline (RS) as the underlying salt is 
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displaced up-ward (salt withdrawal) resulting from late deposition. The piercements 

of the salt continues up to the sea floor as some emerging fold structures were seen 

(Figure 4-11).The on-lapping configuration features of the Paleogene unconformity 

(PU) position is showing in the Figure  4-12.  

The diapiric features disappear toward the eastern part of the study area 

where the salt diapirs existence is best observed on the north and northwest sides of 

NC-41. However, toward the eastern part of the concession, the depth is gradually 

increased and the sediments are thick resulting in the salt diapirs starting to disappear 

and join with the salt pillows (Figure 4-8).  

The configuration of the salt diapirs are in general elongated in an E-W 

directional trend  as shown on the map in figure 4-10 as well as the associated faults. 

This trend is parallel or sub-parallel to the trend of most of the structural elements in 

the study area including the Coastal Fault System and Jifarah Fault System as well as 

the configuration of the Tarabulus Basin itself. 

 

 
Figure  4-11: N-S seismic section showing three salt diapirs DS1, DS2, and DS3. These salt diapirs 
created contractional folds and salt withdrawal basins. Merging folds and reactivated faults are present 
in the shallower parts of the section. (SD: Salt Diapir) (For location see figure (4-3 [2]))
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Figure  4-12: NW-SE seismic section showing an example of two salt diapirs SD1 and SD2. The two diapirs are bounded by normal faults, which probably have 
been generated as a result of the salt intrusion. (PU) is the position of the Paleogene Unconformity. (A) Location of the seismic line, (B &C) Uninterpreted and 
interpreted seismic section, (D) Sketched cross section. 
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Figure  4-13: A 3D illustration of enlarged seismic section showing two symmetrical salt diapirs SD1 and SD2 and the mapped horizon of Farwah Group. The top 
of the salt diapirs is faulted which might be as a result of the upward salt movement (For location see figure (4-3 [4])). 
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Figure  4-14: A general S-N seismic section showing different aspects of the seismic characteristics that have been observed in Tarabulus Basin including: a 
contractional fold belt where folds are cored by salt. Several faults and salt withdrawal basins are associated with the salt movement. Influences of some of the 
folds have probably continued up to the sea floor and faults have been reactivated (For location see figure (4-3 [line-6])). 
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Figure  4-15: A seismic section showing a typical example of well-imaged salt diapir and the 
development of nummulitic-rich bank at the top. 
 

4.4.2.2. Salt Wall Structures 
The other type of salt morphologies that have identified in the study area is 

represented by a bifurcation of salt walls. This type is generated from the 
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development of the salt diapirs.Salt wall structures are shown in Figure 4-16 and 

Figure 4-17 which illustrates seismic lines crossing the salt walls in an N-S direction 

and others in an E-W direction. Some of the seismic lines show a single diapiric salt 

walls and others illustrate multi salt wall structures. In some cases salt walls have 

piercement all the way through to near the sea floor (Figure 4-16). In this figure two 

salt walls SW1&SW2 sandwiched by sediment sequences and their flanks are 

influenced by faults. The salt wall SWl is at a greater depth than the salt wall SW2 

approximately 2250m whereas the SW2 is shallower, extending to approximately 

400m beneath the sea floor. Two separate diapiric salt walls have been illustrated in 

the seismic section in Figure 4-18. This type of salt structure is restricted to the 

western portion of the study area and disappears towards the eastern part. However, 

they are widely developed in the adjacent Tunisian waters (Zouaghi et al., 2005). 

These salt walls follow the same E-W trend parallel to rest of tectonic 

features in the basin. In comparison with the salt diapirs, salt walls are not a common 

type of salt structures but they are associated with salt diapirs, which evidenced the 

development of multi-salt structures. 

 

 
Figure  4-16: (A) The location of the seismic line (B) is showing two salt walls (SW1 and SW2) the 
SW1 is deeper in relative to SW2. 
 



79 
 

4.4.2.3. Salt Pillow Structures 

Salt pillow structures are also present in the study area, as shown in Figure 4-17 and 

Figure 4-18 and are commonly observed along most of the seismic sections 

particularly in the eastern portion of the area. Salt pillows are commonly 

characterized by low relief highs and have not intensively influenced the overlying 

packages in the basin because they have not penetrated the overlying sediments and 

are not associated with faulting. 

Therefore, three stages of salt-related structures were recognized (Figure 4-8). 

These stages are: (1) salt pillow (SP). (2) salt diapirs (SD) and (3) salt walls (SW). 

The main defining features of the recognized salt structures are summarized in table 

4-4. 

Table  4-4: summarises the main defining features of the salt structures in the basin. 
Salt 

Structures 
Abbreviation Defining Features 

Salt Pillows SP 

 Salt pillow is the first stage of the formed salt 
structures. 

 Salt showed lateral movements of the salt and 
have not highly influenced the overlying 
sedimentary packages. 

 Characterized by low relief with sub-circular to 
elongated shape with a concordant overburden 

 No faults associated 
 Mainly observed in the eastern portion of the 

area 

Salt Diapirs 
SD, SD1, 
SD2, and 

SD3 

 Salt moves vertically piercing out the overlying 
sedimentary packages  

 High relief dome-like structures   
 Salt diapirs are shaped as elliptical to sub-

circular. 
 Associated with faults especially on their flanks 

and at the top forming Graben-like structures   

Salt Walls 
SW. SW1, 
and SW3 

 Generated by the merging of the salt diapirs  
 High relief and the contacts with overlying is 

discordant. 
 Salt walls are commonly cylindrical. 
 Associated with faults on their flanks 
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Figure  4-17: A seismic section showing a very good example of the development of salt structures from SP-to-SD-to-SW in an EW direction. (A) Location of the seismic line, 
(B &C) Uninterpreted and interpreted seismic section, (D) Sketched cross section. 
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Figure  4-18: 3D views of two intersect seismic sections showing the development of salt structures from 
SP-to-SD-to-SW (For location see figure (4-3 [5] for E-W line and [5`] for S-N line)). 
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4.5. Effect of Salt Structures on the Overlying Successions 

Salt-related structures have strongly influenced the configurations and the 

characteristics of the overlying successions including their thickness, continuity, 

truncations, clinoforms, and on-lapping/down-lapping signatures over and on the 

flanks of the salt structures. These features have all been observed and identified 

along the seismic sections (Figure 4-19). Seismic observations have evidenced that 

the sequences from Upper Cretaceous have been influenced by the salt tectonics and 

the formation of the anticline folds where most of the horizons have adopted to the 

configuration of these fold structures. The influence of the salt has continued up to the 

sea floor where some folds were identified at the uppermost parts of the seismic 

sections. The salt diapirs have the most effect on the overlaying sedimentary packages 

as they have developed high relief structures and growth vertically driven by 

increased sediment load causing onlapping at their flanks and thinning at the top. The 

salt pillows however, are characterised by lower relief structures where the overlaying 

packages adopted and keep almost the same thickness at the flanks and at the top.  

From the seismic interpretation and well data analysis, the Eocene Farwah 

Group is thick in the central part of the concession and thins toward the north and 

south, and southwest (Figure 4-7, Figure 4-19 and Figure 4-20) (Appendix 5 ). In the 

western part of the basin where the salt tectonics is active, the group is thin.  

It has been noticed from the seismic interpretation that the development of salt 

related structures have created the most favorable shallows for the nummulitic-banks 

to develop. These structures were drilled and most of the hydrocarbon accumulations 

in the area were discovered in these structurally high areas. In the Bouri oilfield, the 

highest porosity is developed at the top of structurally-higher levels. This can be 

interpreted as the underlying Triassic salt tectonics created areas of topographic-high 

relief, which caused emergence of the nummulitic-rich banks to subaerial exposure 

conditions. Therefore, the meteoric waters have influenced the exposed crestal 

portions of the banks resulting dissolving and leaching of the unstable materials and 

micritic matrix causing the development of vuggy and mouldic porosities. It can be 

concluded that the palaeo-salt-structural highs were a favourable place to develop 

high porosity, which in turn create high quality reservoir in the nummulitic-rich 

deposits of the Jdeir Formation.  



83 
 

 
Figure  4-19: Two seismic sections showing examples of on-lapping, truncations and clinoforms formed 
on the flanks of the salt-related structures. 
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Figure  4-20: Illustration of seismic line showing the thickness variation in north to south direction. (A) Location of the seismic line, (B &C) Uninterpreted and 
interpreted seismic section, (D) Sketched cross section. 
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4.6. Discussion 

From seismic interpretation, the NC41 area is subdivided into three distinct 

parts which are: (1) salt tectonics part (in the west), (2) a thick sediment part (in the 

center and north), and (3) the continental shelf (in the south) (Figure 4-21).The Salt-

dominated part was mainly developed in the western part of the Tarabulus Basin in 

an east-west direction. Different stages of salt piercement have been observed 

including (a) Salt Pillows, developed to (b) Salt Diapirs, which merged to form (c) 

Salt Walls. The salt domain contains the most hydrocarbon discoveries, which are 

mainly salt-related structures.   

The continental shelf part is located in the southern part of the area, which 

consists of a part of the African continental margin, which developed during Late 

Triassic or Early Jurassic time. This has been affected by extensional faults related to 

rifting regime and is characterized by considerable subsidence and volcanic activity 

(Hallett, 2002). The thick sediment part is located in the east-central part of the area; 

where the reflection data for this area indicates a complete section of Upper 

Cretaceous deposits and a thick Paleogene-Neogene basin. The salt migration was 

probably occurred from the eastern part to the western part of the study area, under 

the overload of the thick sediment sequences in the east.  

According to the seismic interpretation, the western portion of the Tarabulus 

Basin near the borders with Tunisia was influenced by a strong salt tectonics (Figure 

4-21). Salt tectonics in the basin are related to the Triassic-Jurassic time where thick 

evaporites were accumulated in the area. These salt accumulations were influenced 

by different tectonic activities during the evolution of Tarabulus Basin including the 

Cretaceous compression regime, which formed a series of salt-cored anticline folds 

as a contractional fold belt forming the salt diapiric phenomenon in the basin.  
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Figure  4-21: A map showing the salt-related structures distribution in the study area associated with 
hydrocarbon accumulations (Oil and Gas Fields). It was summarized based on the seismic 
interpretation of the salt tectonics in the current study. 

 

Based on the brief seismic interpretation in my master’s project (Imbarek, 

2008), it was proposed that salt in the Tarabulus Basin has been deformed and 

developed mainly by halotectonic activity in response to the tectonic activity that 

have formed and influenced the basin. In the current study and based on the detailed 

seismic interpretation, a close relationship between faults and the observed salt-

related features was also noticed along the seismic sections. The observed 

arrangements of salt-related structures in the basin are following the same direction 

of the main tectonic features in northwest Libya region, which is in an E-W to NW-

SE trend. This direction might indicate that the movement of the salt is in relation 

with the east-west direction of the strike slip pull apart faulting which is responsible 

of the formation of the Tarabulus Basin. According to this, the commencement of 

salt movement and the generation of the salt diapirs has been controlled by tectonic 

forces as a halotectonic process, although in some cases they have been controlled by 
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a gravitational forces as a halokinetic processes especially if the faults are not 

present. 

The Listric growth faulting (L) is associated with antithetic faults (E), in the 

step-faulted area, which might be related to up-slope salt flow and subsidence 

effects. The sedimentary overburden subsidence sequence deposited on this passive 

margin is seen in the middle of the north-south seismic sections.  

Moreover, in the current study the contractional salt-cored folds observed 

along the seismic sections especially in the N-S direction in the western portion of 

the basin, were formed as a result of the Late Cretaceous compressive regime which 

has deformed the salt in the basin forming this kind of salt-cored anticline fold belt 

(Figure 4-22). The dissolution of the invading salt and collapse of the overburden 

sediments at the top of these salt-cored folds have resulted in the deformation of the 

overlying sediment. Shallow structures including grabens, normal faults are present 

on the top and the both sides of the salt diapirs. In some cases, the development of 

salt reaches the sea floor due to overloading of the thick sediments separating the salt 

walls. 

Seismic sections also showed that the action of the Triassic salt mobility 

probably commenced in the Upper Cretaceous (below the Alalgah Formation). This 

has been noticed from the clear reflector of the Alalgah Formation horizon and its 

continuity at the lower parts in both sides of salt diapirs (Figure 4-22). The Miocene 

reflector is thought to be the latest horizon that has been influenced by the salt 

diapirism. This is based on the fact that the Alalgah Formation is the deepest 

reflector and has been interpreted as a primary peripheral sink (the depression in the 

surface of a mobile salt layer), thus, seismically the movements of the salt and the 

formation of the salt diapirism could have been commenced in the Early Cretaceous 

and continued up to the Paleogene. 

According to the current PhD study, the salt was firstly deformed as a result 

of halotectonic processes (tectonic forces; mainly the Cretaceous compressive regime 

influenced the salt accumulation within the stratigraphic section). This is because 

most of the salt features are corresponding to most of the structural features in the 

area, and then derived and developed by halokinetic processes (autonomous, isostatic 

salt; “Gravitational”) due to overloading of the thick sediments where the salt layers 

are overlain by thick sedimentary section (Figure 4-22). 
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Figure  4-22: Schematic sequence of diagrams representing the development and growth of the salt 
tectonics in the Tarabulus Basin.  It is showing the upward movement and the squeezing upward of the salt 
as a result of the weight of the overburden. Two main salt-related structures are developed including the salt 
pillow and the salt diapirs. 
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4.7. Summary 
Detailed seismic interpretation has been carried out on a completed seismic survey 

network in the NC-41 Block in the Tarabulus Basin. The Upper Triassic-Lower 

Jurassic salt deposits in the basin are characterized by salt diapirs especially at the 

borders between Libya and Tunisia. The main salt-related structures identified in the 

NC-41 include :( a) Salt Pillows, developed to (b) Salt Diapirs, which merged to 

form (c) Salt Walls. The commencement of the salt movement was by halotectonic 

processes during the Late Cretaceous time where a compressive tectonic regime 

dominated the area that resulted on the start of the deformation of the Triassic-

Jurassic salt and then deformation by halokinetic processes as a result of the load by 

the overburden sediments. This deformation has influenced the sedimentary 

successions above and at the flanks of the salt-cored folds. 

From the seismic interpretation, the main tectonic trends of the area are: (1) a 

major west-east (WNW-ESE) salt tectonics trend associated with a major fault trend, 

which is parallel to the Coastal Fault System of the continental shelf area. (2) A 

west-east salt tectonic trend in the northern part. These salt-related structures are 

related to halokinetic and /or halotectonic processes of the Triassic salt rocks. (3) A 

major west-east coastal fault system, (southern part), sub-parallel to the Jifarah fault 

system. Generally, the study area is characterized by W-E to WNW-ESE salt tectonic 

and fault system trends (in the Late Triassic-Early Jurassic and Mid-Upper 

Cretaceous), which were sub-parallel to the Jifarah fault system (Permian-Triassic 

age). Toward the north, the basin has continued to subside and received a huge 

amount of sediments.  
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Chapter 5 : SEDIMENTOLOGICAL DESCRIPTION AND 
LITHOFACIES ANALYSIS 

5.1. Introduction 

Lithofacies and microfacies analyses are important to provide detailed and 

substantial sedimentological data to describe hydrocarbon reservoir lithofacies and 

their characteristics. Such data also assist in the understanding of palaeoenvironment, 

climatic influences, sea-level fluctuations, sequence stratigraphic framework, and 

lithostratigraphic analysis (Flügel, 2004).  

This chapter presents lithofacies descriptions from Eocene age outcrops in 

Cyrenaica Basin and cores from wells in NC-41 Block in Tarabulus Basin. This 

includes their lithological characteristics and biological spatial arrangements. The 

depositional environments of these lithofacies were interpreted mainly based on the 

presence of the large benthic foraminifera, the other fossils associated with each 

lithofacies, sedimentological criteria and to a limited extent, the sedimentary 

structures. Comparison between the outcrop and the subsurface Eocene lithofacies is 

also presented.  Figures 5-1 and 5-2 show the main criteria and steps that have been 

adapted to identify and analyse the Eocene carbonate rocks.            

 Wilson (1975) and Flügel (1982, 2004) have introduced several methods to 

identify, study, classify, and analyse the lithofacies and microfacies of the carbonate 

rocks. These methods will be used to investigate the Eocene rocks in the area of 

study. The terminologies of Dunham’s (1962) classification for carbonate rocks and 

its modifications by Embry and Klovan (1971) are used. The clarified Dunham 

classification system by Lokier and Al Junaibi (2016) has also been and used to 

describe the lithofacies. Macroscopic and microscopic sedimentological aspects, 

outcrop and core visual observations, and the occurrence of diagnostic fossils are 

used to define and interpret each lithofacies (Figures 5-1 and 5-2). 

 The Eocene sections in the Cyrenaica Basin, northern Libya have been 

introduced in a previous Masters project (Imbarek, 2008). Outcrop-based lithofacies 

classification was established for the Eocene Apollonia and Dernah Formations 

based on measured sections mainly restricted to the Dernah area. The following 

lithofacies were defined:  

(A) Apollonia Formation: 

1. Mudstone (AP-F1) 

2. Chalk (AP-F2) 
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3. Glauconitic-Phosphatic Unit 

(B) Dernah Formation 

1. Nummulitid grainstone-packstone facies (D-F1) 

2. Nummulitid-orbitolitid-alveolinid packstone-grainstone facies (D-F2) 

3. Algal-nummulitid-orbitolitid wackestone-grainstone facies (D-F3) 

4. Coral-nummulitid-algal packstone facies (D-F4) 

5. Discocyclinid-algal-coral wackestone-packstone facies (D-F5)  

6. Orbitolitid-miliolid-echinoderm grainstone-packstone facies (D-F6) 

7. Echinoderm-molluscan-nummulitid packstone-grainstone facies (D-F7) 

8. Orbitolitid-nummulitid-algal packstone facies (D-F8) 

9. Dolomite-discocyclinid-nummulitid wackestone facies (D-F9) 

Core-based lithofacies classification of the Eocene section of the Farwah Group in 

the Tarabulus Basin was conducted for well B2-NC41. The following lithofacies 

were defined:   

(A) Bilal Formation 

1. Dolomicrite-mudstone facies (BF1) 

2. Mudstone-wackestone facies (BF2) 

(B) Jirani Formation 

1. Dolomitic-mudstone facies (JF1) 

2. Dolomitic-wackestone-anhydrite Facies (JF2) 

(C) Jdeir Formation 

1. Alveolinid-orbitolitid-discocyclinid wackestone-packstone Facies (EF1) 

2. Nummulitids-assilina packstone-grainstone Facies (EF2) 

3. Nummulitids wackestone-grainstone facies (EF3) 

4. Orbitolitids-wackestone facies (EF4) 

 
In this study, a new and/ or modified classification of the lithofacies for both 

outcrop and subsurface sections has been established based on newly measured 

sections, additional cored wells, and a large number (600) of newly collected 

samples. Up to date publications of larger benthic foraminifera rich deposits, their 

characteristics, and depositional settings were reviewed. Therefore, these lithofacies 

have been re-described, re-interpreted and were re-organized in terms of their 

stratigraphic positions. This new classification is presented in the following sections 

of this chapter. 
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Figure  5-1: A flow chart summarizing the main steps of the lithofacies analysis of the Eocene carbonate rocks from both regions (Man for scale 175cm).
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Figure  5-2: Flow chart representing the main criteria that have been used to identify the main lithofacies in both outcrops and subsurface sections. 
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5.2. Outcrop Sedimentology and Lithofacies Analysis 

Examining the lithofacies at outcrop scale is one of the most powerful 

sedimentological tools for understanding the lithofacies and their characteristics, 

especially their vertical and lateral continuity, distribution, their geometry and 

architectural relationship between one another (Flügel, 2004). Studying the 

expressions of the lithofacies at outcrop-scale is also considered as an important key 

to improve the understanding of the hydrocarbon reservoir characterization in this 

study. Accurate lithofacies analyses can be achieved from field studies, which in turn 

will guide more accurate understanding of the hydrocarbon reservoirs in the 

subsurface where less information can be collected and lithofacies cannot be traced 

for any distance, as it is limited to few centimetres represented by the cores (Garland, 

2012).  

5.2.1. Importance of the Selected Outcrops 

The high degree of similarity of the Eocene units in the Cyrenaica Basin to the 

subsurface Eocene units in the Tarabulus Basin, the good exposure, the excellent 

vertical and lateral continuity, the availability and accessibility of these outcrops and 

their fossil diversity were the main factors to select them in this study (Figs 5-3 and 

5-4 and Appendix 6). Most of the sedimentological characteristics of each lithofacies 

were taken into consideration during field work and from microscopic observations 

including fossil contents, lithotypes, thickness and lateral continuity, color, 

composition, grain size, bedding features, sedimentary structures, the relationship 

with the overlying and underlying, trace fossils, and post-depositional features 

(Figures 5-1 and 5-2). These outcrops are extremely and predominantly rich in 

diverse types of larger foraminifera, especially the nummulitids that are common in 

the essential hydrocarbon reservoir in the Al-Bouri Oilfield. Hence, studying these 

outcrops was essential in order to compare and understand the nummulitic-rich 

limestone accumulations and their characteristics in larger scale than cores. 
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Figure  5-3: A panorama view of several merged field photographs showing the excellence and good-exposures of the Eocene carbonate rocks in the onshore of NE Libya. 
The top photograph is showing continuity of the outcrops along the shoreline of the Ras Al-Hilal Pay where the nummulitic-rich carbonates of Dernah Formation sit on the 
top of thick chalk and mudstone carbonates of the Apollonia Formation. (1) Well-exposed alternation of the chalk-limestone and mudstone of the Apollonia Formation. (2) 
Massive nummulitic-rich limestone of Dernah Formation. (the person in the photo is 175cm) 
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Figure  5-4: (A) E-W outcrop panorama view of the Ras Al-Hilal area (Photos are fade because they were taken in a highly foggy morning), (B) A tracing diagram drawn 
from the photo panorama highlighting the three main exposed formations., (C) A sketched cross-section from the field photo showing the lateral continuity. 



97 
 

5.2.2. Sedimentological Description of Outcrops 
Several outcrops were studied, investigated and sampled in detail. These outcrops 

were carefully chosen to represent and delimit the entire area of study to achieve the 

most of the field investigations (Table 2-1 and Figure 2-3). Seven major stratigraphic 

sections along the road-cut, sea cliffs, and wadis have been selected and measured at 

different scales depending on the change of lithology, fossil contents, color, and 

some sedimentary structures (Figure 5-1). These sections are: Al-Marj Section, 

Pyramid Peak Section, Wadi Al-Athrun Section, in (spring) Al-Dabusseyah Section, 

Al-Hilal Section, Dernah-Qubah section, Shahat-Susah Section (Figure 3-4). Most of 

the measured sections include the Eocene successions and in some of these outcrops, 

the underlying units of the Upper Cretaceous and the overlying units of the 

Oligocene are present and were briefly described. The major measured sections are 

described in the following sections from west to east.  

Al-Marj Section 

This section is representing a small outcrop of the Eocene Dernah Formation 

measuring 24 meters (Figs 5-5 and 5-6). This section contains gastropods and 

represents the first occurrence of the Eocene large nummulitids (Nummulite 

gizehensis). At the base, this section consists mainly of 3 meters of molluscan 

(gastropods and bivalves) skeletal wackestone and mudstone associated with wavy 

bedding that appears like ripple structures (Appendices 7, 8). This was overlain by 18 

meters of massive, randomly oriented, large and small-flattened nummulite tests 

associated with large echinoderms (Figs 5-5 and 5-6). The large flattened 

Nummulites tests represent the highest percentage with 31% of the nummulites with 

A/B ratio of 5:4. It represents a complex coarse-grained and fine-grained skeletal 

grainstone to rudstone (Figure 5-7). It represented gradation from small Nummulites 

to large Nummulites, which represent coarsening and fining upward cycles. The 

nummulite tests are arranged in cross-bedded structures (Figure 5-5). The upper part 

of the sections is represented by 2.5 meters of mudstones to wackestone with 

gastropods, bivalves, and scattered Nummulites. The nummulite tests are loosely 

scattered on and near the outcrop, which probably resulted from weathering of the 

matrix. At this section, Dernah Formation is showing a progradational clinoform 

features as showing in appendix (9) and low relief nummulitic banks (Figure 5-6). At 

this locality, the transition from wackestone and mudstones into coarse-grained 
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grainstone and rudstone suggested an overall shallowing up-section trend (Figs 5-5 

and 5-6). The contact between the beds is gradual to undulate.  

 
Figure  5-5: Sedimentological log of the Eocene Dernah Formation at Al-Marj section. [For location, see the 
map in Fig. (3-4)]. (Person in the photo is 180 cm & Hammer is 30cm).  
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Figure  5-6: Field photographs showing the upper most part of Dernah Formation at Al-Marj road-cut nearby the Al-Marj. This outcrop is dominated by large 
flattened nummulite tests. It is also dominated by wavy-like soft, fine-grained chalk limestone and includes scattered small nummulite test (Man for scale 
(180cm). 
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Figure  5-7: Field photographs representing accumulation of nummulite tests including small and 
large tests. Small-scale cross-bedding is highlighted. Dernah Formation at Al-Marj section. 
 

Shahat-Susah Section (Shahat Hill) 

The section of Shahat Hill was described along the road cut linking Susah and Shahat 

cities and representing a complete sequence from Eocene through the Oligocene to 
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the Miocene. The highest point in this section is at 600m elevation. This section is 

the thickest Eocene succession in the study area with about 460m composed entirely 

of carbonate rocks with abundant nummulitids (Figure 5-8). The most abundant type 

of Nummulites is the large flattened tests with 45% of the nummulites and A/B ratio 

of 2:3. This section begins with 40 meters of interbedded mudstone and chalk rich in 

planktic forams of the Apollonia Formation (Figure 5-8[1]). Bioturbation features are 

present in this interval. This is gradually passes upward into 35 meters of nummulite 

and discocyclina ranging in texture from wackestone to packstone. At some intervals, 

it is grainstones. This unit is characterised by small nummulite tests and shows small 

scale cross-bedding (Figure 5-8 [2]). A nummulite rich unit measuring 4.2 meters in 

thickness is abruptly overlies this and the nummulite tests are small in size and 

dolomitized in some localities. It is a packstone to grainstone in texture (Figure 5-8 

[3]). This is succeeded by 30 meters of cross-bedded orbitolite packstones (Figure 5-

8[4]) which is overlain by 31 meters of planktic foram-rich, well-bedded mudstones 

with scattered Nummulites. 43m of large and small nummulite grainstone overlies 

this. The nummulite tests are poorly sorted and randomly oriented (Figure 5-8 [5]). 

This is overlain by 7 meters of discocyclinids and some gastropods packstone to 

grainstone in some places. Gastropods are large and well preserved. This is 

succeeded by 25 meters of red algae and orbitolitic wackestone-packstone, which is 

overlain by 19 meters of mudstones rich with planktic forams. This is overlain by 50 

meters of well-sorted, randomly oriented, large flattened nummulite tests and ranging 

in texture between wackestone to packstone, which is overlain by 27 meters of algae-

rich packstone with Nummulites. This unit is overlain by 35 meters of orbitolite-rich 

wackestone with Nummulites and red-algae in association with common gastropods 

and echinoids. This is overlain by 45 meter of nummulite-rich grainstone deposits 

and divided into successive low-relief bank and convex-up banks in some places, 

which are generally separated by thin horizons of large-flattened imbricated 

Nummulites (Figure 5-8 [6]) (Appendix 15). It is mainly composed of large and 

small well-to-poorly sorted nummulite tests and small scale cross-bedded 

Nummulites. The large size nummulite tests are well-preserved. In some intervals, 

the large-flattened nummulite tests are concentrated in pocket-fill like structures 

which could be interpreted as bioturbation (granulometric sorting), or as coarse-

grained accumulations in erosive pocket-like structures (Figure 5-9 B). It is overlain 

by 10 meters of echinoid-rich packstone to grainstone. In this section, the Eocene 
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sequence is topped by a tidal bar feature and a sharp boundary represented by the 

occurrence of oysters, which marks the start of the Oligocene. This outcrop is 

representing an overall shallowing-upward trend. At top of this section on the side of 

the road cut, well-preserved burrows similar to Thalassinoides burrows (Prof. Ian 

West: email communication), which thought to be produced by crustaceans such as 

crabs, lobsters, and shrimp, were observed (Figure 5-9 (A)). These burrows occurred 

parallel to the bedding plane and are extremely abundant in rocks. However, the 

exact stratigraphic position of these burrows was not located but they probably 

belong to the lower member of the Oligocene formation. In the same rock unit there 

are small horizontal and U-shaped burrows (Figure 5-9 (A)). These are like 

Rhizocorallium, but they seem very small so they are likely Thalassinoides burrows 

(Prof. Ian West).  
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Figure  5-8: Sedimentological log of Shahat- Susah section represents the Eocene Apollonia and Dernah Formations [For location see the map in Fig. (3-4)]. The 
black triangle arrows like symbols represent a covered interval.  
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Figure  5-9 (A) Showing well-preserved burrows of the Thalassinoides burrows (Hammer 30cm). (B)  
pocket-fill-like features. 
 

A 

30c

B 
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Al-Hilal Section 

This section was measured along a road cut located to the south of Ras Al-Hilal 

Town. It mainly represents the Eocene Apollonia and Dernah Formations (Figure 5-

10). The first 30 meters of this section is dominated by well-bedded mudstone and 

chalk rich with planktic forams and scattered Nummulites of the Apollonia 

Formation (Figure 5-10 “1”). The contact between the Apollonia and Dernah 

Formations is gradual along this section. This is overlain by 8 meters of large 

gastropods and bivalves with small size nummulite tests packstones (Figure 5-10 

“2”). It was overlain by 18 meters of large and small nummulite packstones to 

grainstones with echinoid shells (Figure 5-10 “3”) which is overlain by 5 meters of 

red algae rich deposits associated with small size nummulite tests. This unit ranges 

from packstones to grainstones in texture (Figure 5-10 “4”). These facies are overlain 

by 10 meters of echinoid rich wackestones to packstones accumulations with 

different sizes of Nummulites, alveolinids, and miliolid (Figure 5-10 “5”). A linear 

accumulation of large flattened nummulites with small nummulites is repeated with 

chaotic stacking imbrication structures along this section. This could indicate a wave 

dominated high-energy environment.   
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Figure  5-10: Sedimentological log of the Eocene Apollonia and Dernah Formations of the Al-Hilal Section 
[For location see the map in Fig. (3-4)]. (Man is 180 cm & Hammer is 30cm) 

 

 

Pyramid Peak Section  

This section is located 10km to the east of the Al-Athrun Village along the southern 

side of Dernah-Susah paved road.  This section is positioned on the north side of a 

pyramid-shaped hill overlooking the Mediterranean Sea, is referred to as the 

"Pyramid Peak" by El-Hawat (1998). This section was initially measured by the 
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author for the MSc project; however it has been re-measured and combined with 

another small nearby exposure (presented in the MSc thesis as Ras Al-Hilal Bay 

section) that represents the upper most part of the section in this thesis. 

The main Eocene unit exposed at this section is the Apollonia Formation, 

which is represented by a thick, spectacularly exposed succession. It is the thickest 

outcrop of this formation in the study area. At this locality, the base of the formation 

is not exposed. However, 122m of Apollonia Formation was measured (Figure 5-11). 

It is conformably overlain by 8m of Dernah Formation. 

The lowermost 14 m of this section were measured in the wadi below the 

road-cut; the next 15 m along the road cut, and the remaining 93m along the slope of 

the hill above the road-cut (Figure 5-12 A, B, C). Lithologically, the Apollonia 

Formation at this section consists predominantly of alternating thin-bedded, 

moderately soft, white, chalk and hard tan to light brown mudstone (Figure 5-11 and 

5-12 D). Beds range in thickness from 2cm to 50cm with undulated contact in most 

of the cases and occasionally the contact is sharp. Large chert nodules occur along 

the section at different levels and 15cm of chert bed in the uppermost part of the 

section which is laterally continuous for a distance (2km) (Figure 5-12 E) (Appendix 

9). Small-scale cross bedding was observed at about 35m above the base of the 

section. Samples contain abundant planktic foraminifera, which indicate that the 

entire section is Lutetian in age (El-Hawat 1998). Nummulites are rare with few 

bivalves and gastropods.  
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Figure  5-11: lithological log of the Eocene Apollonia Formation at the Pyramid Peak section [For 
location see the map in Fig. (3-4)]. (Man is 175cm). 
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Figure  5-12: Field photographs showing spectacular exposures of the main sequence of the Eocene Apollonia Formation at Pyramid Peak section (A, B and C). 
(D) A close-up of the alternation between the dark, hard, brown mudstone and white chalk. (E)Chert nodules, which have been observed throughout the section 
and extended to a distance. [For location, see the map in Fig. (3-4)] (From Imbarek, 2008). 
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Wadi Al-Athrun Section 

This section is located at the town of Al-Athrun along the eastern side of the Al-

Athrun Valley. This section was measured during the course of the MSc project; but 

it was also re-visited and quickly re-measured in order to confirm the thickness of 

each unit and also was re-photographed in this thesis. 

It is 67m thick with carbonate strata of the Upper Cretaceous Al-Athrun 

Formation and the Lower Eocene Apollonia Formation (Figure 5-13 A). The lower 

portion of Apollonia Formation in this section (33.5 m) is Ypresian in age based on 

the well-preserved planktic foraminiferal faunas (El-Hawat, 2004). The lower most 

part of the section at the base of the Wadi is represented by 7 meters of deformed and 

slumped white chalk of the Upper Cretaceous rocks, which are unconformably 

overlain by 20 m of well-bedded, tan to white chalk with mudstone rich in planktic 

forams in the lower 8 meters. This is followed by two major unconformities (El-

Hawat, 2004). This lower unconformity is marked by glauconitic, phosphatic clasts 

and pebbly bed (Figs 5-13C, D, 5-14). The upper unconformity marks the Ypresian-

Lutetian boundary with a sedimentary hiatus of 3 million years (El-Hawat, 2004). 

Layers with dark grey chert nodules were also distinguished along the section every 

0.5 to 1.5 m associated with two very prominent beds containing nodules up to 2.5m 

in length near the top (Figure 5-13B). Four meters of a highly contorted and 

deformed slump feature or intra-formational slide is overlying the well-bedded 

interval (Figure 5-13E). This slumped unit is very beautifully represented on the 

western wall of the Al-Athrun Valley facing toward the west where the town of Al-

Athrun is located. This structure is very similar to the contorted units that were 

observed in the underlying Al-Athrun Formation at the mouth of the Al-Athrun 

Valley (Figure 5-15). 

The upper 43m are also characterized by a well-bedded carbonate rocks and 

nummulitic-rich limestones. However, petrographically, planktic foraminifera are 

rare or absent in the upper section and the benthic foraminifera are difficult to 

identify. Chert is present but less than the lower portion. The change from an 

abundance of chert nodules to their absence obviously has important environmental 

significance and is easily recognized in the field. The glauconitic grains and sporadic 

phosphatic clasts were observed mainly at two horizons in the Al-Athrun Valley and 

forms <1% of the formation (Figs 5-13 C, D and 5-14). This unit varies in thickness 

from several centimetres to several meters. Glauconitic material is present only in the 
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Al-Athrun Valley section. Glauconite and phosphate content varies from a few grains 

to about 40%. Glauconite identification is based on hand sample examination and 

was verified by thin sections. It is generally restricted to marine environments and 

precipitates during subxoic diagenesis [Peir Pufahl Pers. Comm.) and (Burst, 1958)]. 

 

 
 
Figure  5-13: Illustration showing the measured section of the eastern side of Wadi Al-Athrun at the town of 
Al-Athrun. It is showing a field photograph of a large scale beautifully exposed slumped Eocene unit (A) and 
showing two main unconformity surfaces that were determined by (El Hawat and Abdulsamad, 2004). (B 
and C) Glauconite and phosphate grains are illustrated. (D) Chert nodules (F) Upper Cretaceous-Eocene 
Unconformity surface. [For location, see the map in Fig. (3-4)](Redrawn and modified Imbarek, 2008). 
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Figure  5-14: (A, B) photomicrographs showing the glauconitic grains and (C, D) showing sporadic 
phosphatic clasts (from Imbarek, 2008). 

 
Figure  5-15: Outcrop photographs of the highly deformed Upper Cretaceous slump structure at the 
mouth of Wadi Al-Athrun. This slump unit was observed along the shoreline near the Al-Athrun 
Village.  It represents large scale of slumped, faulted unit made-up of white, soft chalk limestones. 
These slumps were probably formed as a result of tectonic activities during and after the deposition 
(Man is 175cm). 
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Ain (spring) Al-Dabusseyah Section 

This section was described along a newly cut paved road to the east of the Al-

Dabusseyah Natural Spring. The Eocene series are beautifully exposed along the 

southern side of the road (right hand as you drive up the hill) (Figure 5-16 “1”). It is 

a very good section representing nummulitic-rich carbonate accumulations. The 

Apollonia and Dernah Formations contact at this locality is a gradational. Scattered 

small nummulitids of the lowermost part of Dernah Formation were found in the 

uppermost part of the typical Apollonia Formation.  

Apollonia lithofacies were deposited at the bottom of this section and are 

represented by 40m of interbedded mudstones with chalk associated with different 

sizes of chert nodules. Some of the chert nodules include dissolved or silicified 

nummulite tests (Figure 5-16 “1”). Nummulitic packstones to grainstones are 

associated with discocyclinids floating in a fine-grain matrix gradually increasing in 

abundance over 11m. This is overlain by 4 m of wackestone rich with planktic 

forams, which is overlain by 14 meters of nummulitic-rich packstones to grainstones 

deposits (Figure 5-16 [2]). The nummulite tests are randomly orientated, poorly 

cemented in a fine-grained carbonate matrix. These nummulite tests are large with 

less frequent small tests. Large flattened nummulite tests form pocket-fill structures 

in some places. 

The nummulitic-rich unit is overlain by chert nodules with fine-grained, 

laminated chalks interbedded with marlstone which contain planktic foraminifera and 

nummulitids 40 meters in thickness (Figure 5-16 [3]). This is followed by 20m of 

nummulitic-rich grainstones interbedded with chalk (Figure 5-16 [3]). It is 

characterized by the dominance of large flattened nummulite tests (with 47% of the 

nummulites and the A/B ratio is 2:5) and similarly represents pocket-filling 

structures. This is succeeded by 2 meters of gastropods and bivalves rich packstones 

representing fair to good mouldic and vuggy porosity. 30 meters of small 

nummulitic-rich packstone-to-wackestone unit was deposited on the gastropod-

bivalve rich unit (Figure 5-16 [4]). This is overlain by about eight meters of 

discocyclinid packstones to grainstones with silicified nummulite tests and red alga, 

which is followed by ten meters thick of red-algae rich grainstone unit with some 

nummulite tests and discocyclinid (Figure 5-16). The Eocene-Oligocene 

unconformity marks the top of the Eocene succession with undulated contact surface. 
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Figure  5-16: sedimentological log of the Eocene Apollonia and Dernah Formations at Ain Al-Dabusseyah [For location see the map in Fig. (3-4)] (Man is 175Cm 
& GPS is 15Cm). 
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Dernah-Al-Qubah section 
This section represents the exposed Eocene carbonate rocks along the newly made 

road linking between the city of Dernah and the village of Al-Qubah.  Broadly, this 

section can be described as a nummulitic-reefal-dominated section. It is generally 

made-up of well-preserved, highly concentrated, small and large types of 

nummulitids, molluscs, and well developed red-algae, discocyclinids, orbitolitids, 

dolomitized beds, and massive build-ups of coral reef in the upper portion of the 

section (Figure 5-17) (Appendices 10, 11, 12, 13, 14). The most abundant type of 

Nummulites is the large flattened tests with 34% of the nummulites and the A/B 

ration is 9:10. 

The lowermost part of the section is characterized by well-bedded chalk and 

mudstone of the Apollonia Formation, which is characterised by well-jointed and 

large-scale caves with thin layers of chert (Figure 5-17 [1]). Gradually, this unit is 

succeeded by 5 meters of the lowermost part of Dernah Formation, which is 

dominated by wackestones and packstones (Figure 5-18). This unit is composed of 

different fossils including gastropods, nummulitids, and bivalves (Figure 5-17[2]). 

This is overlain by 16m of massive accumulation of nummulitic grainstone to 

floatstone in a lenticular (lens-shaped) low relief bank associated with gastropods 

and discocyclinids. These nummulite tests are characterized by poor sorting, random 

orientation and good preservation (Figure 5-17 [3]). Pocket-fill like structures of 

large-flattened nummulite tests were observed within these nummulitic banks which 

could be considered as bioturbation structures. 10m of red-algae packstone 

associated with discocyclinid beds associated with some nummulitids overlies this. 

This unit is then succeeded by five meters of coral debris in small branching corals 

(Figure 5-17[4]). The texture in this unit is represented by grainstone to floatstone.  

Dolomitized beds represent the lower half of the upper part of this section measuring 

5 meters in thickness (Figure 5-17[5]). The matrix of these beds is dolomitized and 

the pore spaces are filled-up with dolomicritic limestone. Porosity ranges between 

30% and 40%. The dolomite beds are overlain by 10 meter thick coralgal grainstone 

to floatstone unit characterized by build-ups of reef which are characterized by large, 

branching and massive coral bioherms associated with nummulitids, red-algae, 

bivalves, and echinoids (Figure 5-17[6]). This unit is succeeded by 8m of large, 

flattened nummulitic wackestone to packstone associated with gastropods and 

echinoids; which are overlain by 6m of large and small nummulitic packstones 

associated with red-algae. Porosity is between 15% and 20% (Figure 5-19). 
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Discocyclinids with red algae packstones is abruptly occurred in association with 

nummulites. This unit dominate the uppermost portion of the section measuring 

7meters (Figure 5-17[7]). The bed contact between the units along this section is 

abrupt or sharp and in some cases is irregular. The section is capped by the Eocene-

Oligocene unconformity which is represented by a palaeosoil and terra rossa 

development (El Hawat and Shelmani, 1993) (Figure 5-17[8] and Figure 5-

20).Reworked fragments of Dernah Formation including Eocene nummulitids are 

found in the lowermost part of the Oligocene Al-Baydah Formation. 
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Figure  5-17: Sedimentological log of the Eocene Apollonia and Dernah Formations at Dernah / Al-Qubah road showing the entire section of the Eocene and 
Oligocene succession. This is a composite section of the small measured sections around Dernah area [(DMS1, DMS2, DMS3, DMS4, DMS5, DMS6, DMS7, 
DMS8; Appendices 21-28).][For location, see the map in Fig. (3-4)] (Hammer is 30Cm). 
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Figure  5-18: Field photographs illustrating the gradual transition contact between Apollonia and Dernah Formations at Dernah / Al-Qubah road cut (Hammer is 
30Cm & Pen is 15Cm). 
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Figure  5-19: Field photographs showing different types of nummulitic tests were observed along the Dernah 
section. (A and B) Poor sorting, random orientation and well-preserved small A-form and large B-form. (C and 
D) External surface of large nummulite Gizehensis. (E) External and internal sides of large nummulite 
Gizehensis.  (G and F) Well-preserved large nummulite Gizehensis showing the internal structure of nummulite 
tests with small biomoulds fabric of dissolved small nummulite tests (Australian 50 € is 3.15cm). 
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Figure  5-20: An outcrop view illustrating the Eocene-Oligocene unconformity at different places along the road linking between Al-Qubah and Dernah cities. (A) A general view of the outcrop highlighting the main features along the section including the 
unconformity surface and (D) is a close up of the unconformity surface between the Oligocene and Eocene rocks. (B) Shows a large scale of cross-bedding and the unconformity surface in the middle of the section. (C) Shows the unconformity surface further 
south. (E & F) are showing the unconformity contact at the upper most portion of the section (Hammer is 30cm & Man is 177cm & Car is 4m in length and 144.5cm). 
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5.2.3. Nummulite tests morphology classification along the sections 
The measurements were made on the outcrop sample-images where the short and 

long axes of the nummulite tests were estimated. This was established using the 

computer-base JMicroVision software. The measurements were active manually 

where the nummulite tests were selected. The short and long axes of each nummulite 

in the sample were determined using the computer mouse by clicking and dragging a 

line along the axes and the software gives the lengths of the axes in a table. The 

collected data from outcrop samples showed that large flattened nummulite tests are 

the most dominant in the study area, especially in the Ain Al-Dabusseyah, Shahat –

Susah, Dernah-Al-Qubah measured sections (Plate 5-1) (Table 5-1). Generally, it 

was noticed that there was a variation in the presences of each type of the nummulite 

tests that ranges from 5 % to 47%  of the nummulite population at the outcrops 

(Table 5-1) (Chart 5-1).  

 From the table 5-1 and the charts in the plate 5-1, it can be 

summarized that the percentage of small robust nummulite tests (SR) in the 

measured section range from 5% to 34% and the Dernah-Al-Qubah section contains 

the highest percentage with 34% whereas the lowest percentage is found along 

Shahat-Susah section with 5%. The percentage of large robust nummulites (LR) 

varied from 13% to 24% in the measured sections. The large robust nummulites are 

fairly presented along the outcrop sections. The highest percentage of this type of the 

nummulite tests is found at the Ain Al-Dabusseyah section with 24% and the lowest 

percentage was along the Al-Marj section with 13%. The small flattened 

nummulites (SF) are usually associated with large flattened ones. In the outcrops, 

the (SF) represent the highest percentage at Shahat-Susah section with 35% and their 

lowest along the Dernah-Al-Qubah section with 13%. The most abundant type of 

nummulite tests recognized in the outcrop sections are the large flattened 

nummulites (LF) as they vary from 31 % to 47 %.  The highest percentage is 

represented along Ain Al-Dabusseyah where they represent 47% of this type of 

nummulites and is 31% at the Al-Marj section.  

These measurements helped in calculating the relative density of the A and B 

forms of the nummulites and the A/B ratio, which is in turn used to compare the 

results with the “normal” A/B ratio for a nummulite limestone, which is traditionally 

reported as 10:1 by Racey (2001). Moreover, this classification assisted in 

determining the most abundant type of the nummulite tests along the outcrop 

sections. Generally, along most of the measured sections, the (LF) also represent the 

highest percentages. This indicates that the nummulitic-rich accumulations in the 
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area are para-autochthonous and/or allochthonous deposits as they are characterised 

mainly by grain-supported and monospecific forms (B-form) which resulted from 

landward or seaward transportation or in-situ winnowing.   



123 
 

 
Plate  5-1: Includes tables and pie diagrams showing the nummulite classification and the A-Forms &B-form along several elevations of the measured 
outcrops. It also includes a chart representing the average of A/B ratio in each section 
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Table  5-1: Summarizes the calculated percentages of the nummulite tests size (small and large) and 
shape (flattened and Robust) along the outcrop sections   
 

 

 

 
Chart  5-1: Representing the percentages of the four types of the nummulite tests along four selected 
measured sections in NE Libya 
 

5.2.4. Outcrop-Based Lithofacies Analysis 

In the current study, which is based on a closer examination of Eocene outcrops 

along the measured sections in northeast Libya as well as the petrographic study of 

the thin-sections, ten lithofacies have been distinguished based on their lithology, 

fossil content, and sedimentary structures. The recognized lithofacies can be grouped 

into two main lithofacies associations. The first one is the Apollonia lithofacies 

association, which mainly occurs in the Apollonia Formation and has been described 

along the sections of Pyramid Peak, Ras Al-Hilal Bay, and Wadi Al-Athrun. The 

second group is the Dernah lithofacies-Association, which belongs to Dernah 

Formation that has been mainly investigated in the area between Al-Baydah and 
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Dernah cities and in the Al-Marij quarries near Al-Marij City. Eight other sections 

were measured in detail during the course of the MSc project (Imbarek, 2008) along 

sea cliffs around Dernah City for lithofacies correlation. This including sections 

DMS1, DMS2, DMS3, DMS4, DMS5, DMS6, DMS7, DMS8 (Appendices 16-23). 

These sections have been re-examined during the course of the PhD thesis and a few 

changes have been made as a consequence of the intensive outcrop investigations. 

The following sections represent a description and interpretation of each individual 

lithofacies of the Eocene succession and a lithofacies scheme is summarised in Table 

5-2. 

5.2.4.1. Apollonia Lithofacies Association 
The Apollonia Formation mainly represents the lowermost part of the Eocene 

succession in northeast Libya. It is made up of soft, white chalk, with chert nodules 

interbedded with dark-brown mudstones (Barr, 1968; Barr and Hammuda, 1971; 

Barr and Berggren, 1980,  Jorry et al. 2003, and El-Hawat and Abdulsamad, 2004).  

In the current PhD study, the Apollonia Formation is divided into two main 

lithofacies including the mudstone and chalk lithofacies. These lithofacies are 

described and re-interpreted in the following sections. 

5.2.4.1.1. Mudstone-wackestone lithofacies (AP-LF1) 
Observations 
The lithofacies was found at the base of most of the described sections, and forms 

about 60% of the exposures of the Apollonia Formation. The mudstone lithofacies is 

lithologically characterized mainly by fine-grained and hard brown to yellowish grey 

to pale orange mudstones and in rare places it grades into wackestones when 

scattered nummulites are present (Figure 5-21). This lithofacies is represented at 

most of the outcrops by less than 2m of horizontal beds ranging in thickness from 

0.5m to 1.5m. This lithofacies was easily traced throughout the exposures for long 

distances. For example it can be traced for up to 6Km along the area of Al-Hilal and 

for 3Km along the outcrops that are exposed near Dernah City to the east. This 

lithofacies is very rich with planktic foraminifera with rare benthic foraminifera 

(mainly A-Form nummulites), bivalves, and gastropods. In the upper parts of the 

outcrops, this lithofacies includes nummulitid fossils (A-forms and less B-Forms) 

associated with different shapes and sizes of chert nodules ranging in size from 2cm 

to more than 60cm. Chert lenses also have been observed along the Al-Hilal section 

and they are up to one meter long. Layers of chert were encountered at the uppermost 

part of the Pyramid section and in east Dernah area. These layers are 30cm in 

thickness and can be traced up to 1 km (Appendix 12). At Wadi Al-Athrun section, 
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this lithofacies includes glauconitic, phosphatic clasts and pebbly bed (Figures 5-13 

and 5-14). 

 Laminated bedding, contorted bedding, planar lamination, small scale 

inclined structures and cross-bedding were observed at some intervals (Figure 5-21). 

Horizontally, well-bedded stratification with minor biomoulds porosity fabrics of 

dissolved small (A-Form) nummulite tests were also observed in this lithofacies at 

the uppermost part of Apollonia Formation (Figure 5-21). Moreover, some 

bioturbated features associated with vertically and horizontally orientated burrows 

have also been observed. The burrows have been assigned to three ichnofabrics as 

shown in figure (5-22) including (1) Arenicolites ichnofabric which is a vertical J-

Shaped burrows that might be part of the U-Shaped”. (2) Planolites ichnofabric 

which is horizontal to sub-horizontal straight burrows or can be found as slightly 

contorted horizontal burrows (e.g. (D))” and (3) Skolithos ichnofabric which is 

simply vertical burrows”. These burrows range in size from 0.5cm to 30cm. Matrix 

in this lithofacies is composed of high amount of micrite and finely fragmented 

bioclasts. Porosity in this lithofacies is poor ranging between (3-7%).  

Interpretation 
The thick, laterally continuous fine-grained laminated mudstones, the abundance of 

chert nodules, the richness of the planktic foraminifera, the smooth small (A-form) 

nummulite tests are all indicative of deep-water, low energy settings below the 

normal storm wave base (SWB). The occurrence of nummulites usually indicates 

shallow areas, but nummulite tests can tolerate deeper water settings. Moreover, this 

lithofacies contains bivalves that are slightly silicified and half-filled with lime-mud. 

Both valves are intact and well preserved indicating a burial in their growth position 

in a deepwater quiet environment. In addition, the presence of green glauconitic and 

yellowish phosphatic grains and clasts at Wadi Al-Athrun section, indicate marine 

settings. Allen et al. (2001) have documented that the outer-ramp settings consisted 

of mudstones, marls, with abundant planktic, bivalves and few scattered nummulite 

tests. Based on all that, this lithofacies was deposited in the deeper parts of the ramp 

ranging from outer-ramp environment. 
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Figure  5-21: showing the mudstone lithofacies of the Apollonia Formation. (A) Photograph showing the 
typical bedding and cross-bedding in the mudstone lithofacies. (B)  Biomoulds porosity fabrics in the 
uppermost part of the formation. (C, D) showing a planner lamination. (E) Contorted bedding. (F) Large 
chert nodules (G) Fine-grained micritic limestone with good intercrystalline porosity (B, C are from 
Imbarek, 2008) (Hammer is 30cm & GPS is 15cm). 
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Figure  5-22: (A) Arenicolites ichnofabrics “a vertical J-Shaped burrows which could be part of the U-
Shaped”. (B) Planolites ichnofabrics “Horizontal to sub-horizontal straight burrows they could be 
slightly contorted horizontal burrow ((D))” and (C) Skolithos ichnofabric “Simply vertical burrows”. 
 

5.2.4.1.2. Chalk lithofacies (AP-LF2) 
Observations 
This lithofacies is composed of fine-grain laminated, white, soft chalk, associated 

with large chert nodules (Figure 5-23). The petrographic texture of this lithofacies 

ranges from mudstone to wackestone. The beds are typically 50cm to 1m thick and in 

some places, the bedding planes are filled by dark brown cherts (Figure 5-23”D”). In 

other places beds are inclined forming small scale cross bedding (Figure 5-23”B”). 

Wavy laminations have been observed in this lithofacies at Ras Al-Hilal area (Figure 

5-23”C and E”). Vertical fractures have been observed in different places along the 

outcrops especially near Dernah City (Figure 5-23”A”). This lithofacies forms 40% 

of the exposures of the Apollonia Formation. According to the petrographic 

investigation, the chalk lithofacies is mainly characterized by a small proportion of 

nummulite tests (A-Form) and is very rich in planktic foraminifera. According to 

Barr and Hammuda (1970), the Eocene white chalk unit in NE Libya is composed of 

planktic foraminifera, coccolithophores and chert nodules. Porosity is low in this 

lithofacies between 2-5% and it is mainly microporosity. The matrix in this 

lithofacies is made-up of fine-grained micrites and a small portion of fragmented 

clastics.  

Interpretation  
The richness of the planktic foraminifera in a variety of types indicate that this 

lithofacies is most likely was deposited in deep-water conditions. Additionally, the 
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poor-nummulite content is suggesting a deposition far from the nummulite 

accumulation environments possibly in distal outer ramp settings below the normal 

storm wave base (SWB). Moreover, the presence of the coccolithophores (Barr and 

Hammuda, 1970), chert and several intervals of slumped units suggests accumulation 

on an outer-ramp to distal outer-ramp settings (Appendix10).   

 
Figure  5-23: Showing the chalk lithofacies of the Apollonia Formation. (A) Typical chalk lithofacies 
with vertical fractures. (B) Inclined chalk bedding, (C) showing wavy lamination at the lower part of 
chalk bed and small vugys at the upper part. (D) Bedding plane filled with chert nodules. (E) Cross-
lamination, (F) large chert nodules within chalk (G) Photomicrograph showing the richness of planktic 
forams (B, C, D, E, F, G are from Imbarek, 2008) (Man is 175cm & Libyan 25dirham is 2cm). 
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5.2.4.2. Dernah Lithofacies Association 

The Dernah Formation represents most of the upper portion of the Eocene 

successions in the onshore area. The formation is widely distributed in northeast 

onshore and offshore Libya as it was encountered in all of the measured sections in 

the area. The formation is divided into eight lithofacies based mainly on their fossil 

contents (Chart 5-3). The chart is representing the percentages of the dominant 

components of each lithofacies as well as the percentage of the other associated 

bioclasts. The names of the lithofacies were determined based on the highest 

percentage of fossil content and the other types of components were described in the 

observations. From the chart, nummulites are the most diverse bioclastic in most of 

the lithofacies and they are observed in all lithofacies. The main fossils components 

in the Dernah Formation include the larger foraminifera such as nummulitids, 

orbitolitids and alveolinids, discocyclinids, coral, gastropods, red algae and 

echinoderms. The other bioclasts include miliolids, planktic foraminifera, bivalve 

and fragmented nummulitid and undefined fossils (Chart 5-3).  In the following 

sections, these lithofacies have been sorted, described and organized in terms of their 

relationship to one another, their stratigraphic position, and interpreted in detail. 
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Chart  5-2: Representing the percentages of the dominant fossils (of the total fossil contents) of each lithofacies as well as the percentage of the other associated 
clastics  in Dernah Fm.  
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5.2.4.2.1. Gastropods-Packstone-Grainstone Lithofacies (DR-
LF1) 

Observations 

This lithofacies occurs in the western and eastern parts of the area along the Al-Marj, 

Shahat-Susah, and Dernah-Qubah sections and ranges in thickness between 4 and 11 

meters. Its thickness diminishes rapidly between the measured sections and is not 

present toward the middle part of the area. In terms of the lithology, it is composed 

of a very pale orange color with yellowish stained packstones to grainstones 

dominated by well-preserved small and large types of gastropods (up to 65%) 

associated with orbitolitids (10%), echinoids (10%), and nummulitids (10%) and 

(5%) of other bioclasts (Chart 5-3) (Figure 5-24). The grain size ranges between 0.06 

and 2 mm. Bedding is thick, generally exceeding one meter, and bedding planes are 

irregular surfaces. This unit was encountered at the base of the nummulitic banks 

where B-form nummulites tests were present. The matrix in this lithofacies is micrite 

associated with fossil fragments. Porosity is mainly presented by large moulds of the 

gastropod shells ranging from 7-12%. Dolomite and halite both are found in lenses in 

some areas especially in the western parts of the area. Shallow water fossils are 

abundant in this lithofacies including gastropods and bivalves, echinoids, and 

nummulitids. Shallow inner-ramp back bank orbitolitids and miliolids are present 

(Figure 5-24). 

Interpretation 

Outcrop and petrographic investigations have shown that this lithofacies is 

dominated mainly by well-preserved gastropod poorly sorted orbitolitids and 

nummulitids. These fossils indicate a deposition in shallow water, relatively 

moderate energy environments of the inner ramp. In addition, it contains lenses of 

finely crystalline dolomite. Wilson (1995) reported that the large gastropods and 

bivalve fauna provides evidence of a restricted environment. This lithofacies is 

associated with echinoid fragments, which are indicative of normal marine 

environments. The presence of nummulite tests could suggest development in middle 

ramp settings, however, it was documented that nummulites could be found in quite a 

wide range of environments as they tolerate different conditions by changing their 

shape and size. However, the occurrence of the orbitolitids is strongly supporting a 

shallow inner-ramp setting. Thus, based on the fossils found in this lithofacies 

especially the gastropods and the orbitolites as well as the dolomites, it can be 
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concluded that this lithofacies was deposited in shallow water inner-ramp, back bank 

settings mostly restricted lagoon settings, landward of FWWB (Table 5-2).  

 
Figure 5-24: Gastropods-dominant-Grainstone Lithofacies of the Eocene Dernah Formation. (A) Field 
view of the gastropods-rich lithofacies showing different types of Eocene gastropod moulds and 
gastropod casts. (B) Close-up of two very well preserved gastropod casts, (C) A large complete 
internal cast of a gastropod with worm tubes. (D, E) photomicrographs of gastropods (D is from 
Imbarek, 2008) (Hammer is 30cm & Libyan 50 Dirham is 2.8cm). 
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5.2.4.2.2. Nummulitids-Wackestone-to-floatstone lithofacies (DR-
LF2) 

Observations 
This lithofacies is the most dominant and distinctive lithofacies in the Dernah 

Formation in the area as it has been encountered in most of the described sections 

and has received a considerable attention in this study. The DR-LF2 lithofacies 

represents the lowermost part of the Dernah Formation in most of the measured 

sections across the study area where LF1 is absent. Lithologically, this lithofacies is 

characterized by yellowish gray wackestone and packstone with grains ranging in 

size between 0.04 and 6 mm. It grades up into grainstone and floatstone in places 

especially when the grain size is greater than 2mm. Noticeably, the entire outcrop is 

made of small and large robust and flattened nummulite tests including A-Forms and 

B-Forms forming up to 80% of the fossil contents. At outcrop and thin section scale 

the nummulite tests are densely concentrated, stacked on top of one another, 

imbricated and have grain-to-grain contacts (Figure 5-25). Nummulithoclastic debris 

is significant within this unit and consists of fragmented nummulite tests (Figure 5-

25). The lowermost part of this lithofacies is represented by interbedded thin (10 to 

40 centimeter) and thick (1 meter or greater) beds whereas that the thickness of these 

beds increases upward with irregular bedding style. The most recognizable bedding 

features are the concentrations of the nummulite tests as they display fining and 

coarsening upward features (Figure 5-25) (Appendix 11). Well-preserved, large (B-

Forms) and small (A-Forms) tests of nummulite occasionally occur together (as poor 

sorting) and they are mostly randomly oriented. In some cases, nummulite tests form 

cross-beddings structures especially on a smaller scale (Figure 5-25 and 5-26).  

The lower half of this lithofacies is characterized by chert in the form of 

disseminated particles (0.01 to 0.04 mm in diameter). This kind of silica occurrence 

is a carryover of the environmental conditions of the Upper Apollonia Formation 

where chert, as nodules, layers and as disseminated particles, is present. In terms of 

the fossil content, this lithofacies is dominated by Nummulites; they form more than 

60% of the fossil contents on the average in the eastern portion of the study area, 

decreasing gradually westward to between 30 and 50% at the new road cut in the 

central parts of the study area. However, the percentage of the Nummulites increases 

again further toward the west along Susah and Shahat sections where it forms up to 

80% of the fossil contents (Figure 5-25). Near Susah City, the nummulite tests are 

imbrecated in a linear accumulation of large flattened nummulites (B-Form) with 



135 
 

small-flattened ones that are alternating with chaotically stacked large and small 

nummulite tests.  Present with the Nummulites, in smaller proportions but with local 

build-ups, are algae (5%), orbitolitids (5%), corals (5%) and other bioclasts including 

other benthic foraminifers, molluscs, and echinoids (~5%). Matrix in this lithofacies 

is mainly represented by bioclasts including mainly packstone nummulithoclastic 

fragments with grain size less than 2mm in the floatstone intervals and fine-grained 

micritic matrix.   

Porosity in this lithofacies is moderate to very good (20-35%) and includes 

interparticulate, intraparticulate, vuggy, mouldic, fracture and rare microfractures, 

pore spaces are connected with the presence of open fractures and stylolites. 

Interpretation 
The presence of well-preserved Nummulites in association with larger forams and 

echinoids are indicative of normal marine conditions, which prevailed during the 

deposition of this lithofacies. The large size of B-Forms of the nummulite tests and 

their random orientation, the poor to moderate sorting of the tests, the presence, the 

cross-bedding of the nummulite tests and some of the larger foraminifera, and the 

grain-supported texture suggesting high energy setting. Moreover and most 

importantly, the linear accumulation of large flattened nummulites (B-Form) with 

small-flattened (A-Form) ones that are alternating with chaotically stacked 

nummulites also indicates wave dominated high-energy environment.   

 This lithofacies is associated with discocyclina, which represent relatively 

deepwater in the fore-bank to outer-ramp conditions, which indicates a re-working 

and transportation of some of the deeper water contents into shallower water. The 

processes of deposition and accumulation of the nummulitids is known to be found in 

shallow marine settings especially above the structural highs where they form 

nummulitic banks in the middle ramp settings. These have been observed as the most 

favourable places for the nummulitids to develop.  

At outcrops and in thin-sections, the Nummulites are densely concentrated, 

imbricated and in grain-to-grain contact which suggest winnowed lags caused by 

hydrodynamic events and the reworking of the Nummulites resulting from small 

scale lateral transport by in-situ winnowing in shallow settings subjected to storm 

events. Nummulithoclastic and nummulithoclastic debris were observed where 

nummulite tests are broken and fragmented which indicate moderate to extensive 

transport and wave re-working. This could suggest that periodic high-energy events 

resulted in re-deposition in bank or back-bank areas. The nummulite breakage and 
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fragmentation can be a result of bioturbation and the transportation of the tests by 

turbidity currents, storms (Loucks et al. 1998; Beavington-Penney 2004). Moreover, 

the large benthic foraminifera can be reworked by waves and currents as was 

reported by Yordanova and Hohenegger (2002).  Aigner, (1982); Racey, (2001) have 

concluded that the hydrodynamic behavior controlled the distribution of the 

nummulites tests. However, the presence of micrite indicates deposition in lower 

energy conditions. The high degree of winnowing, and Nummulite tests breakage 

suggests are working by high-energy settings. Therefore and based on the 

sedimentological characteristics, the sedimentary structures and the fauna contents 

this lithofacies is interpreted as having been deposited as nummulitic banks in the 

middle parts of the carbonate ramp (Table 5-2).  
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Figure  5-25:Photographs and photomicrographs of (DR-LF2). (A) Photograph (near Susah city) showing large 
randomly oriented and poorly sorted nummulite tests, (B) close-up from (A) showing the floatstone texture of this 
lithofacies with large and small nummulite tests (2mm and more in size) stacked on top of one another. The large 
Nummulites are cracked on their external surface. (C) Filed photo (near Shahat city) showing well-preserved and 
well-sorted large flattened Nummulites. (D) Close-up from (C) showing tow huge nummulite tests. (E) Filed 
photo showing large flattened nummulite test, randomly oriented with a small Nummulites showing excellent 
mouldic and intergranular porosities. (G and H) photomicrographs showing nummulite tests in a micrite matrix. 
Good intragranular and vuggy porosity is showing in (H) (G is from Imbarek, 2008) (Hammer is 30cm & GPS is 
15cm & Australian 50€ is 3.15cm & Pen is 15cm). 
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Figure  5-26: Field photographs of the nummulitic-rich lithofacies showing (A and B) nummulite tests 
stacked on one another and oriented on a cross-bedding like structures. (C) Trough-like cross-bedding 
structure of Nummulites. (D) Wave ripples within the nummulitic-rich lithofacies. (E) Cross-bedding 
of nummulite tests (Hammer is 30cm). 
 
 

5.2.4.2.3. Discocyclinids Packstone-Grainstone Lithofacies (DR-
LF3) 

Observations 

This lithofacies overlies the DR-LF2 lithofacies with a well-defined and mappable 

sharp contact. The base of this lithofacies is a massive algal deposit about 16 meters 

thick in some places and 9 meters in other places of the road-cut. Lithologically it is 

characterized by yellowish gray to white packstone to grainstone rich in large, 
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flattened, and elongated discocyclinids (up to 55%) associated with nummulites 

(15%), algae (10%), corals (5%), and echinoids (5%) (Chart 5-3) (Figure 5-27). The 

nummulite tests are dominated by small B-forms. The grain size ranges between 0.06 

and 6mm. Bedding is massive, irregular and in excess of one meter of thickness. Due 

to the abundance of algae, this lithofacies is characterized by a nodular appearance. 

Chert is absent in this lithofacies, while pyrite and magnetite are present in modest 

amounts. Dolomite and halite are present only in negligible amounts. Small-scale 

structures with low angle cross-bedding are found in few places in this lithofacies 

(Figure 5-27). The large flattened discocyclinid tests, algae, nummulitids, corals, and 

echinoids are present in more abundance in the western portion of the study area than 

the central and eastern (Figure 5-27). The matrix is in this lithofacies is made-up of 

micrite associated with small fragmented bioclasts packstone including fragmented 

discocyclinids, nummulite tests and unclassified clasts. This lithofacies contains 8-

15% mouldic, vuggy, interparticulate and intraparticulate porosity. 

Interpretation 

The abundance of large flattened and elongated discocyclina and the presence of 

micrite in this lithofacies suggest that these deposits formed in low to moderate 

energy, middle to outer-ramp settings. Discocyclinids have previously been 

interpreted by Racy (1979) as having lived in broad environments including shallow 

fore-reef and back-reef environments in the photic zone. Moreover, it has been 

reported that the small, robust discocyclina tests lived in very shallow photic-zone 

settings in the middle ramp. On the other hand, large flattened and elongated tests 

lived in lower-light, deeper water settings which indicate an environmental control 

on test morphology (Geel, 2000; Loucks et al., 1998; Sinclair et al., 1998). 

Beavington-Penney et al., (2005) have reported that the richness of large elongate 

Discocyclina suggests deposition in the photic zone, but below FWWB. Thus, the 

abundance of larger benthic foraminifera including large flattened discocyclinids and 

large flattened nummulitids in this lithofacies suggest deepwater and quiet settings as 

the morphology of these tests changed with depth and light intensity. Moreover, the 

presence of echinoids and algae in this facies indicates deposition under normal 

marine conditions within the photic zone. Additionally, the presence of small-scale 

cross bedding in this lithofacies can be interpreted as deposition by moderate energy 

conditions in outer-ramp settings. Based on all that, this lithofacies can be interpreted 

to have been deposited in outer ramp settings, with the intact and fragmented 
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Nummulites present is this lithofacies having been reworked from middle ramp into 

outer ramp settings (Table 5-2). 

 
Figure  5-27: (A, B, C) photographs showing large-flattened Discocyclina tests. (D) Showing a small 
scale cross-bedding within (DR-FL3). (E) Photomicrograph showing large Discocyclina tests with 
Nummulites in a biolithoclastic and micritic matrix. (F) Photomicrograph showing very good vuggy 
and mouldic porosity in (DR-FL3). (G) Photomicrograph of large Discocyclina tests showing the main 
chamber with coral and nummulite fragments. (H) Photomicrograph showing large Discocyclina 
within biolithoclastic matrix (E, F, G are from Imbarek, 2008). 
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5.2.4.2.4. Red-Algal Packstone-Grainstone lithofacies(DR-LF4) 
Observations 

The (DR-LF4) lithofacies directly succeeds the previous (DR-LF3) lithofacies as it 

grades from it in some places; however, it is missing in section DMS5. This 

lithofacies ranges in thickness between 7 and 23 meters. Generally, it is a grain-

supported lithofacies dominated by red algae (rich in rhodoliths) associated with 

fragmented larger benthic foraminifera (Figure 5-28). Lithologically, it is dominantly 

composed of yellowish gray packstone and grainstone with rare microcrystalline 

dolomite as lenses measuring about 0.1 mm especially toward the western portion of 

the study area. The size of the grains in this lithofacies ranges between 0.04 and 6 

mm. Bedding features are obscure and the most conspicuous features are the large 

nummulitids  and orbitolitids which intensively crowd the outcrop surfaces and are 

randomly oriented. Orbitolitids and algae are more common to the west but 

nummulitids replace orbitolitids to the eastern part of the area. There is no 

stratification observed within this lithofacies except for a small scale of cross 

stratification found in few locations. Solution features in the forms of beds with 

porosity and selective leaching of fossil moulds are present. Matrix is made-up of 

micrite associated with small fragmented bioclasts packstone. Along the measured 

sections, encrusting red algae form the largest proportion of the fossil-content by 

volume as it accounts for up to 65% of the fossil content and is associated with 

nummulitids (5%), orbitolitids (20%), and echinoderms (4%) (Chart 5-3). The 

lithofacies includes 10-15% mouldic and vuggy porosity with some intraparticulate 

porosity. 

Interpretation 

Red algae are the most dominant fossils in this lithofacies in association with 

variable proportions of orbitolitids, which were found trapped into the encrusting 

algal mats, suggesting a shallow inner ramp settings (Figure 5-28). In some places, 

nummulitids, corals and echinoids are found with the orbitolitids, and other benthic 

foraminifera suggesting inner to middle ramps settings. Johnson (1961) reported that 

the presence of algae suggests deposition at depth ranging from the low tide level 

down to 10m whereas Newell et al. (1953) placed the algae in inner platform 

settings. It is inferred by Testa and Bosence (1999) that coralline algae are reliant on 

wave or current activity to clean their surfaces. They have also mentioned that the 

activity of epifaunal and infaunal organisms results in the periodic rotation of 
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rhodoliths which make them tolerate the unstable substrates. Johnson (1961) reported 

that the presence of algae suggests deposition at depth ranging from the low tide 

level down to 10m whereas Newell et al. (1953) placed the algae in inner platform 

settings. 

The nummulitid and orbitolitids tests in this lithofacies have no preferred 

orientation, which is probably suggests high-energy conditions, and is also supported 

by the presence of small-scale cross bedding. The lateral changes over short 

distances from Algal to Nummulitic-Orbitolites and back to Algal suggest that the 

lithofacies belt shifting laterally. Moreover, it suggests that algal masses were 

growing in shallow zones with the inter-algal areas being filled with nummulitids 

and orbitolitids debris. Hence, this lithofacies has probably accumulated in shallow 

marine environment in the inner ramp to middle ramp settings, between the FWWB 

and the SWB (Table 5-2).  
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Figure  5-28: Showing the Red-Algal Packstone-Grainstone Lithofacies. (A) Field photo showing a 
bed of concentrated rhodoliths. (B, C, D) Enlarge of the rhodoliths (algal balls), (E) small-scale cross-
bedding within the red-algal rich lithofacies. ((F, G, H, I) photomicrographs of different types of red 
algae associated with Nummulites and orbitolites in a biolithoclastic and micrite matrix (F, G, H, I are 
from Imbarek, 2008) (Hammers are 30cm & Libyan Coin is 2cm). 
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5.2.4.2.5. Dolomitized-Algal-Nummulitic lithofacies (DR-LF5) 
Observations 

This lithofacies occurs along the area of Dernah where it attains a thickness of 4 

meters and consists of dolomicrites (dolomudstones). Bedding is generally thick (one 

meter) and irregular. Bedding features are dolomitized algal balls (5to 10 cm. in 

diameter) and algal pellets (0.5 to 2 cm. in diameter) (Figure 5-29). It is composed of 

poorly cemented white dolomitic-limestone and brownish to greenish yellow 

dolomite, encompassing large dissolution cavities. Petrographically, the dolostone is 

micritic, microcrystalline, with no calcite spar. It was noticed that small dolomite 

crystals have partially replaced the micritic matrix and full replacement in some 

cases creating a complete dolomitized fabric with crystal sizes ranging between 0.01 

and 0.03 mm and euhedral shaped crystals (Figure 5-29). These crystals are also 

found in mouldic cavities, while internal biologic structures are preserved. The most 

common fossils in this lithofacies are algae (50%), nummulitids (30%) and echinoids 

(10%) which are mostly dolomitized. The texture is originally packstone to 

grainstone based on the presence of the fossils. The matrix of this facies is composed 

of small dolomicrite crystals (1-5μm). Evaporites including (gypsum) have been 

observed in the area associated with the dolomites. This lithofacies contains 4-10% 

of mainly intercrystalline, vuggy and mouldic porosity as result of dissolution 

activities. 

Interpretation 

The presence of dolomitized fossils within the dolomitic intervals and the remnants 

of precursor micritic matrix within the dolomite indicate that dolomites are not a 

primary deposits but formed as a result of diagenetic processes. The preservation of 

initial bioclasts indicates that dolomitization is an early dolomitization of the original 

sediment under evaporitic conditions and prior to the dissolution of calcitic elements.  

The presence of evaporites in the area is probably associated with the 

formation of the dolomites by evaporitic reflux processes in hypersaline marine 

lagoon conditions. Moreover, the presence of dissolution suggests the mixing of 

seawater with meteoric water, which led to dolomitization, and formation of the 

dolomite beds. In summary, based on the lithological characteristics and the bedding 

style, the presence of dolomitized fossils such as algae and nummulitids, and the 

occurrence of evaporites, this lithofacies was probably formed in a shallow marine, 



145 
 

inner-ramp setting to restricted lagoonal environment in the intertidal zone (Table 5-

2). 

 
Figure  5-29: Showing the Dolomitized-Algal-Nummulitic lithofacies. (A, B, C) Field photos of the 
dolomite beds observed along Shahat area.  (D) Dolomitic romboh, (E, F, G) dolomitic mosaic with 
intercrystalline and intracrystalline porosity (E, F are from Imbarek, 2008) (Hammer is 30cm & the 
man is 165cm). 
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5.2.4.2.6. Coral Grainstone-Boundstone Lithofacies (DR-LF6) 
Observations 

The lithofacies is represented by a framework of large coral bioherms. It is mainly 

dominated by patchy, branching and massive corals (Figure 5-30). The thickness of 

this lithofacies ranges between 4 and 21 meters and it is thickening in the western 

parts of the Dernah area (Figure 5-31). However, it is gradually thinning toward the 

east and showing a thickening upward trend (Figure 5-31). Lithologically it consists 

of yellowish gray to white and very pale orange boundstone to grainstone and grain 

size ranging between 0.5 to 3 mm or larger than 8 mm with a bioclastic packstone 

matrix made up of fragmented coral and nummulites. It is characterized by masses of 

algal growth in place, which are surrounded with debris of nummulitids in random 

orientation. It is also characterized by extensive but selective leaching, particularly 

pronounced in the brain corals (Figure 5-30).This lithofacies contains high mouldic 

porosity. No dolomite is present in this lithofacies; the halite content is very small 

and has been seen only in two sections, and is completely absent from all other 

sections.  

 This lithofacies contains corals (hermatypic) forming up to 75 % of the fossil 

contents, bivalves, small benthic miliolids, (B-form) nummulitids (5%), red algae 

(5%), and echinoderms (5%) with fossils fragment accumulations including algae, 

orbitolitids, benthic foraminifera, and echinoids. The algae and corals were, for the 

most part, growing in place when they were buried by sediments. Other fossils either 

were trapped by algal mats or are located in and around coral branches and bodies. 

This lithofacies is also restricted to the Dernah area and does not correlate across the 

Al-Jabal Al-Akhdar. Vuggy, mouldic, and intraparticulate porosity types have been 

observed within this lithofacies ranging between 20-25%. 

Interpretation 

Based on the presence of massive and branching corals, algae, and debris of larger 

flattened (B-form) nummulitids, this lithofacies has probably been deposited in 

outer-ramp to middle-ramp settings. Jorry (2003) interpreted the abundance of 

massive and branching corals as indicative of shallow conditions within the middle 

ramp (Table 5-2).  
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Figure  5-30: Showing the Coral Grainstone-BoundstoneLithofacies. (A, B, C, D) filed photographs showing 
different types of well-preserved corals with large vuggy cavnury porosity (D). (E, F) Photomicrographs of 
tabular corals with vuggy porosity (D, F are from Imbarek, 2008) (Pen is 15cm & GPS is 15cm). 
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Figure  5-31: Panorama view of about 20m thick and more than 100m lateral continuity of coral build-up capped by nummulitids-red-algae-coral unit. This outcrop is also 
showing a thickening up-ward pattern. 



149 
 

5.2.4.2.7. Orbitolitids Grainstone-Packstone Lithofacies (DR-
LF7) 

Observations 

This lithofacies extends across several sections continuously with a thickness of 5 to 

15 meters. It is mainly made up of orbitolitids in association with miliolids and 

nummulitids with algae (Figure 5-32). It is characterized lithologically by yellowish 

gray and white grainstone with grain size ranges between 0.06 and 3 mm. Bedding is 

generally thicker than one meter and bedding features are crinkling and variable 

fossil content. Silica is not present, and pyrite and magnetite form less than one 

percent of the rock potential. The most abundant fossils are the orbitolitids (up to 

65%) associated with miliolids, few nummulitids (10%) (small A-Form robust), red 

algae (5%), small benthic foraminifers, as well as fragments of echinoderms (5%) 

(Chart 5-3) (Figure 5-32). From the thin sections, the matrix in this lithofacies is 

represented by fine micrite with some wackestone bioclasts.  It contains 6-12% 

mainly mouldic, vuggy, and intraparticulate porosity. 

Interpretation 

Presence of orbitolites, small A-form robust nummulitids and algae in this lithofacies 

suggest lagoonal, back-bank settings in the inner part of the ramp. The occurrence of 

miliolids suggest deposition in inner shelf settings in water depths of 4-10 m 

(Cushman et al., 1954). Moreover, the larger foraminifer orbitolites are observed to 

be arranged in cross-bedded structures that indicate moderate conditions, maybe in 

inner-ramp settings (Table 5-2).  
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Figure  5-32: Showing the Orbitolitids Grainstone-Packstone Lithofacies.  (A, B, C)  Field 
photographs showing the Orbitolite tests with Nummulites and representing vuggy porosity. (D, E, F, 
G) Different photomicrographs of large orbitolite tests with miliolids and Nummulites (D, E, F are 
from Imbarek, 2008) (Pen is 15cm). 
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5.2.4.2.8. Echinoids-Nummulitids wackestone-grainstone 
Lithofacies (DR-LF8) 

Observations 
This lithofacies is 2 meters thick and lithologically consists of grayish yellow color 

wackestone to grainstone. It is dominated by well-preserved large echinoderms 

(70%) and nummulitids (10%) associated with gastropods (10%) and bivalves (Chart 

5-3)  and (Figure 5-33). The echinoderms in some places are broken apart and filled 

with the host sediments. However, other echinoderms are well-preserved and 

surrounded by large amount of nummulite tests (Figure 5-33). In places, it has a very 

distinctive weathering bluish gray manganese oxide stain due to its proximity to the 

Eocene-Oligocene unconformity in the area. In few samples, some of the 

echinoderms and their fragments are rimmed by syntaxial overgrowths cement. The 

grain size ranges between 0.03 and 3 mm. and bedding is thick, with irregular 

bedding surfaces. The most distinctive bedding features are the unconformity 

surface, which tends to be flat and bluish gray in color as well as the echinoid and 

gastropod moulds. No silica in the form of chert is present, but detrital quartz grains 

(about 0.03 mm, in diameter) are very common. Matrix in this lithofacies is 

composed of micrite and very-fine crystalline replacement dolomite. This lithofacies 

contains 5-7% mouldic, vuggy, interparticulate, and intraparticulate porosity.  

Interpretation 

The occurrence of well-preserved, abundant echinoids and nummulities indicates that 

normal-marine conditions prevailed during the deposition of this lithofacies. This 

lithofacies includes molluscs, especially gastropods that suggest inner ramp 

environment. The wackestone to grainstone texture suggests a range of energy 

conditions. The large size of the nummulite tests and grain-supported texture indicate 

a back-bank environment. Thus, this lithofacies was probably deposited in a back 

bank within the shallow inner part of the ramp (Table 5-2).   
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Figure  5-33: Showing the Echinoids-Nummulitids Wackestone Lithofacies. (A) Field view showing 
echinoid-rich lithofacies associated with nummulite tests. (B, C, D) well-preserved large echinoderms 
with large flattened nummulite tests. Echinoderms infilled with the host sediments (D). (E)Large 
echinoid fragment and a nummulithoclastic matrix, (F) Well- preserved echinoid showing zonetion 
and radiation (F is from Imbarek, 2008). 
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Table  5-2: Summary of the lithofacies of the Eocene rocks in Cyrenaica Basin (Table was extracted from the current study). 
Lithofacies 

Code 
Lithofacies Dominant fauna Sedimentary structures Porosity types 

Depositional 
environment 

Figures 

AP-LF1 Mudstone lithofacies 
Planktic and benthic 
foraminifera, bivalves, and 
gastropods 

Small scale inclined structures or 
cross-bedded, Horizontally, well-
bedded stratification, minor biomoulds 
fabrics, bioturbated features, vertically 
and horizontally orientated burrows  

Microporosity 
Mouldic, 
Intraparticulate 
Biomoulds 

Outer-ramp to 
Basin 

5-20 

AP-LF2 Chalk lithofacies 
Rich in planktic foraminifera, 
few nummulite 
 

Lamination, large chert nodules and 
beds 

Microporosity 
Fracture, Vuggy 
(large caves 
dissolution)  

Outer-ramp to 
Basin 

5-21 

DR-LF1 Gastropods-grainstone  
Gastropods, bivalves, echinoids, 
nummulitids 

Thick bedding, bedding planes are 
irregular  

Mouldic 
Inner to 
middle ramp 

5-22 

DR-LF2 
Nummulitids-wackestone-to-
floatstone  

Nummulitids, orbitolitids, corals 
and benthic foraminifers, 
molluscs, and echinoids. 

Cross-bedding, disseminated particles 
of chert, poorly-sorted Nummulites, 
randomly oriented.  

Mouldic, Vuggy 
Interparticulate, 
Intraparticulate 

Middle ramp 5-23 

DR-LF3 
Discocyclinids packstone-
grainstone  

Large discocyclinid tests, algae, 
orbitolitids, nummulitids, corals, 
and echinoids 

Bedding is massive, irregular 
Small cross-bedding, 
nodular appearance of the algae 
 

Mouldic, Vuggy 
Interparticulate, 
Intraparticulate 

Outer to 
Middle ramp 

5-25 

DR-LF4 
Red-Algal packstone-
grainstone  

encrusting red algae, 
nummulitids, discocyclinids, 
orbitolitids, and echinoderms 

Crowd large nummulitids and 
orbitolitids 
randomly oriented nummulite tests 

Interparticulate, 
Mouldic, vuggy 

Inner to 
Middle ramp 

5-26 

DR-LF5 Dolomitic-limestone 
discocyclinid and algae, with 
fewer nummulitids and 
echinoids 

dolomitized algal balls 
algal pellets 

Intercrystalline, 
Mouldic 
Vuggy 

inner ramp 5-27 

DR-LF6 Coral grainstone-boundstone  

corals, bivalves, miliolid, 
nummulitids, red algae, 
echinoderms, algae, orbitolitids, 
echinoid fragments 

randomly oriented nummulite tests 
branching and massive corals 
 

Mouldic, vuggy,  
intraparticulate 

Outer to 
middle ramp 

4-28 

DR-LF7 
Orbitolitids grainstone-
packstone  

Orbitolitids miliolid, 
nummulitids, red algae, small 
benthic foraminifers, fragments 
of echinoids. 

orbitolitids , miliolid, few nummulitids 
, red algae,  fragments of echinoderms 

Mouldic , 
Vuggy, 
Intraparticulate 

Inner ramp 5-29 

DR-LF8 
Echinoids-nummulitids-
wackestone  

Echinoderms, nummulitids, 
gastropods, bivalves 

Thick bedding, irregular bedding 
surfaces. Well-sorted  

Mouldic 
Vuggy 

Inner ramp 5-30 
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5.2.5. Outcrop Lithofacies Distribution and Correlation 

The field observations of the exposed Eocene carbonate rocks and the lithofacies of 

both the Dernah and Apollonia Formations are widely distributed across the study 

area (Figure 5-34). From the field observations and according to the measured 

sections, the Eocene lithofacies are highly diversified in terms of fossils content. The 

thickness of these lithofacies is higher along the measured sections in the western 

parts of the area than those in the east. Nevertheless, each lithofacies is distinctive in 

itself; the lithology, fossil content and sedimentological characteristics vary within 

each lithofacies, which have been applied to correlate these lithofacies.  

 The gastropods-dominated-grainstone lithofacies (DR-LF1) is widespread 

from east to west, which probably indicated that the Eocene shoreline was overall 

oriented in an east-west direction. The nummulitids-dominated wackestone to 

floatstone lithofacies (DR-LF2) can be distinguished by its lens-like architecture 

form in an east-west direction. Sedimentary characteristics and fossil content were 

the main criteria to track and correlate this lithofacies throughout the area and it has 

been noticed that this lithofacies represents the most typical characteristics of the 

Dernah Formation. This lithofacies can be correlated along most of the measured 

sections as it has been encountered along most of the observed outcrops. 

Homogenous masses of algal limestones, with abundant discocyclinids, orbitolitids 

and nummulitids are the main characteristics of the following lithofacies of the 

discocyclinids packstone-grainstone lithofacies (DR-LF3). The homogeneity of 

this lithofacies probably reflects a uniform condition of depth. It is thicker in the 

western and eastern directions and thinning in the middle.  

 The following lithofacies of the red-algal packstone-grainstone lithofacies 

(DR-LF4) is gradationally overlying the DR-LF3 and has a large-scale lenticular 

shape. This lithofacies was probably developed around the flanks of the topographic 

protuberances, which probably represented masses of organism growth or patch reefs 

in the DR-LF6 lithofacies. The east-west correlation throughout the measured 

sections has shown that this lithofacies is represented as a continual belt except it is 

missing in one section. However, it was difficult to track it in a north-to-south 

direction because of the nature of the outcrops. The algal mounds have probably 

occupied the highest parts of the palaeotopography, whereas the orbitolitids and 

Nummulites debris covered the slopes. The following lithofacies is dolomitized-



155 
 

algal-nummulitic lithofacies (DR-LF5). This lithofacies is mainly characterized by 

an intensive dolomitization and dissolution events. It is characterized by hard, dark 

brown or poorly cemented white Dolomitic-limestone layers associated with casts of 

larger foraminifer. Dolomitized beds originally contained nummulitids and large 

discocyclinid tests as well as some red algae fragments. These fossils have been 

dissolved and filled with dolomicritic. Moreover, the matrix has also been 

dolomitized. Such dolomitization could be a good indicator of evaporitic conditions. 

 Coral-rich isolated deposits dominated the following lithofacies of the coral 

grainstone-boundstone lithofacies (DR-LF6). Corals are characterized by a 

noticeable and clear vertical dimensional-growth. This lithofacies has probably 

supplied a good and favorable substrate for the following lithofacies, which 

generated hospitable conditions for the growth of coral colonies, which in turn 

perhaps favored the growth of brain corals. The following lithofacies is the 

orbitolitids grainstone-packstone lithofacies (DR-LF7). This lithofacies is the 

most distinct lithofacies to be distributed uniformly throughout the area as a blanket-

like deposit made-up mainly of orbitolitids, nummulitids, and other fossil debris. The 

last lithofacies is the echinoids-nummulitids wackestone lithofacies (DR-LF8) 

which was highly localized and capped most of the measured sections and has been 

correlated across the area. It has also been observed that some of the lithofacies are 

interfingering especially at Dernah-Al-Qubah road-cut (Appendix 14). 
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Figure  5-34: A lithofacies correlation diagram of the small measured sections around Dernah City where lithofacies were identified. It is also showing the variation in 
thickness from E-to-W. The map is showing the location of the correlated measured sections along the northern flank of the outcrop and along the shorelines of Dernah City. 
The upper diagram is modified and updated from Imbarek (2008). The correlation has been flattened to the Eocene-Oligocene contact instead of the Apollonia-Dernah contact 
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5.2.6. Outcrop analysis of the sedimentary architectural 
elements 

 

The oldest exposed rock units in the area are the Upper Cretaceous Al-Athrun 

Formation. They are not in the scope of this project, but they represent a spectacular 

and one of the finest slump structures which is worth a brief observation and 

description. These units are highly deformed and display a large scale of folding 

(including overturned and recumbent folds) related to slumping associated with 

faulting (Figure 5-15). These structures have probably formed as a result of gravity-

driven or earthquake forces in soft-sediments or sediments that have not been 

consolidated yet. Such structures are widely used in order to interpret the direction of 

the palaeoslope.  

The two Eocene formations (Dernah and Apollonia Formations) are 

unconformably overlain the Upper Cretaceous Al-Athrun Formation. These 

formations have a vertical gradational contact that is also diachronous with part of 

the Dernah Formation in the south being laterally equal to the Apollonia Formation 

in the north. (Figs 5-35 and 5-36). The Dernah Formation represents a shallow 

carbonate inner, middle to outer ramp setting. On the other hand, the Apollonia 

Formations represents an outer-ramp to basinal settings. The Apollonia Formation is 

exposed along the coastal area as a thick section measuring about 100m and thins 

toward the south where it measures only 10m whereas the Dernah Formation is 

represented by thin section along the coastal, measuring about 5m and thickening 

toward the south where is measures about 175m (Figure 5-36).  

The Apollonia and Dernah Formations and their lithofacies represent two 

different architectural styles. The lower Apollonia Formation is characterized by 

horizontally, laterally continuous, well-bedded mudstone and chalk beds containing 

some intervals of large and small scales slumped units and small-scale inclined or 

cross-bedded set of layers (Figure 5-13). The Eocene slumped units are in continuous 

large-scale structures particularly in the section of Wadi Al-Athrun in a north-south 

direction (Figure 5-15). On the other hand, the overlying Dernah Formation is 

distinguished by massive bedding of limestones with less sedimentary structures 

along the central part of the study area. In the western and eastern portions of the 

study area, large-scale of prograding, sigmoidal clinoforms, trough-like and draping 

primary nummulitic bodies have been observed (Figs 5-37, 38). 
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Figure  5-35: Field-view showing the lateral interfingering between Dernah and Apollonia Formations 
(Man is 164cm).  

 



 

Figure  5-36: Sketch cross-section diagram showing the Eocene mudsto
Formation is dying southward while it represents a very thick sequence northward along the shoreline. It is 
also showing the development of Dernah nummulitic
the north. Some field photographs showing this variation in thickness from north to south. Satellite image 
(from Google Earth) is showing the approximate location of the cross
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Plate were identified and interpreted to be formed as a result of a sea-level drop by 

Maurer et al. (2013). In the study area, clinoforms were most likely formed as a 

result of the late Ypresian sea-level drop. 

These large-scale prograding clinoforms of the Dernah Formation, have 

probably been developed on the margin of the outer ramp and laterally pass into the 

prograding clinoforms of the Apollonia Formation, which are dominated by 

mudstone. 

 

 
 
Figure  5-37:  Field-view showing a large-scale of prograding chalk and mudstone clinoforms of 
Apollonia Formation and a large scale of prograding nummulitic-rich body of Dernah Formation. 
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Figure  5-38: Outcrop panorama view showing successive prograding clinoforms of the nummulitic-rich carbonates. In addition, it is representing the lenticular (lens-shaped) 
like shape of the nummulite banks. (A) Field panorama photo, (B) Tracing over the field photo the bedding and the clinoforms, (C) a cross section showing the progradation. 
[For location, see the map in Fig. 2-3]. 
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Along the road-cut of Shahat and near Dernah City the Dernah Formation 

additionally is characterized by one of the most significant sedimentary element, 

which is the bank complex system. This bank is distinguished by a series of 

coarsening and thickening up-ward trends, which are represented by small robust 

Nummulites grading upward into a large flattened nummulite tests (Figure 5-39). 

The Dernah Formation is also characterized by lens-shaped nummulitic-rich bodies.  

Large and small channels have been identified incised the nummulitic-bodies 

in different locations including Susah, Ras Al-Hilal, and near Dernah (Figure 5-40). 

These channels are mostly large and flat in shape, which may be produced by 

submarine erosion. The channels are often filled by nummulites and reworked 

nummulites especially along the Ras Al-Hilal and Susa areas. However, along 

Dernah Al-Quba section the channel is mainly filled with reworked nummulites, 

small rhodolites with large Discocyclinid, and large amount of complex reworked 

Oligocene Algae. Channels are orientated north-south cutting into the Eocene 

successions deepening to-wards the north. Fining upward trend was noticed for the 

observed channels.  

Channels in carbonate systems are important conduits for redistributing the 

sediment from shallow- to deep-water settings. Nummulite tests can be removed and 

transported toward the landside or seawards during storm events (Bassi et al., 2013). 

The presence of high-energy facies within the lagoon (red algae grainstones) suggest 

that the barrier reef was probably constituted by isolated reef structures, leading to a 

connection between restricted and open marine zones. Some of these are represented 

by channels, which erode the fore reef depositional facies, i.e. the nummulite 

deposits. These erosional structures are filled up with lagoonal material (large 

discocyclinid and red algae).  

The Eocene-Oligocene boundary is followed by up to 20m of a thick, 

massive, fining-up, debris flow channel unit that contains of reworked Eocene 

material mixed with Oligocene material. It suggests that the tectonic conditions that 

uplifted the area at the end of the Eocene also continued to overprint the Lower 

Oligocene transgression. 
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Figure  5-39: (A, B) Filed photos at Shahat section showing the nummulitic-rich bank complex in 
Dernah Formation (notice the coarsening upward) (C, D) Field photos near Dernah City showing the 
coarsening and thickening upward trends in Dernah Formation (Man is 177cm & Hammer is 30cm). 
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The main measured stratigraphic sections along the Eocene successions from 

west to east were correlated and a cross section was created. The cross section shows 

that these sections vary in their total thickness and the thickness of each separate 

lithofacies based on the locality of each section where the thickest sections are in the 

western portion of the study area and they are thinning toward the eastern portion of 

the area (Figures 5-41). The fossils are also different from one section to another 

indicating the lateral lithofacies distribution from east to west and north to south. 

Moreover, the thickness of the sedimentary cycles changes vertically and 

horizontally. Most of the observed sedimentary cycles are thicker in the western 

sections of the study area than the eastern sections. 
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Figure  5-40: Different outcrop panorama views at different locations showing channels within the Eocene interval.  Channel in the nummulitic-rich rocks at Susah section (A/A`). 
Channel in the Apollonia Formation at Ras Al-Hilal (B/B`). Channel-fill at the uppermost part of Dernah Formation at Dernah/ Al-Qubah road-cut (C/C`) (Man is 177cm & Car is 
4m in length and 144cm in high) 
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Figure  5-41: E-W correlation between the measured sections in the field area showing the thickness increasing toward the western portion of the area. 
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5.2.7. Core-based Sedimentological and Lithofacies Analysis 

The sedimentological and lithofacies analyses in the subsurface of the Tarabulus 

Basin, northwest offshore Libya have been carried out in detail on seven cored 

wells(B2, B4, B7, C3, C7, C8 and H1) (Figure 2-2)(Appendices 24-to-33). These 

wells have been selected to represent the entire area. The selected wells were 

described in less than 1 meter scale and on the basis of clear changes in lithology, 

color, fossil content, and sedimentary structures (Figures 5-42). ~300 core chips were 

picked, thin-sectioned, and petrographically analysed. A number of lithofacies have 

been recognized predominated by diversity of fossils mainly of larger benthic 

foraminifera and associated with other shallow marine environment fossils.  

Wells have been examined in terms of the sedimentological and fossil 

characteristics. The observed characteristics vary from one well to another depending 

on the location of each well. Most of the described wells are dominantly 

characterized by larger foraminifera limestones especially the nummulitids.  

5.2.8. Nummulite tests morphology classification in the wells 

Core sample-images were selected in order to measure the size and define the shape 

of the nummulite tests. The short and long axes of the nummulite tests were also 

estimated for the core samples using the computer-base JMicroVision software (see 

section 5.2.3). The collected data from subsurface samples has shown that large 

flattened nummulite tests are the most dominant in the offshore area, especially in 

the NC41 block wells such as B2, B4, B7, C3 and exceptionally in the C7 well where 

the small flattened nummulites tests are the most abundant (Table 5-3). The variation 

in the presences of each type of the nummulite tests in the subsurface is ranging from 

2 % to 77% (Tables 5-3).  

These measurements helped in calculating the percentages of each form of 

the nummulite tests and the A/B ratio, which assisted in comparing the results with 

the “normal” A/B ratio for a nummulite limestone, which is traditionally reported as 

10:1 by Racey (2001). Moreover, this classification assisted in determining the most 

abundant type of the nummulite tests in the wells. In this study, the (LF) also 

represent the highest percentages in the wells. This indicates that the nummulitic-rich 

accumulations in the offshore area are also para-autochthonous and/or allochthonous 

deposits as they are characterised mainly by grain-supported and monospecific forms 

(B-form) which resulted from landward or seaward transportation or in-situ 

winnowing.  
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Plate  5-2: Includes tables and pie diagrams showing the nummulite classification and the A-Forms &B-form along several depths of the described wells. It also 
includes a chart representing the average of A/B ratio in each well  
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Table  5-3: Summarizes the calculated percentages of the nummulite tests size (small and large) and shape 
(flattened and Robust) along the wells 

 

 

 
Chart  5-3: Representing the percentages of the four types of the nummulite tests along the wells in the 
NC-41 block 

 

From the table (5-3) and the charts in the plate (5-2), it can be summarized 

that the percentage of small robust nummulite tests (SR) in the studied wells range 

between 3% and 25%. They largely distributed around B2-NC41 well in the El-Bouri 

Oil Field whereas the lowest percentage of the SR is found along B7-NC41 well. The 

percentage of large robust nummulites varied from 2 % to 11 % in the wells. The 

large robust nummulites in the studied wells are not well represented and represent 

the lowest abundance in the area. The highest percentage of this type of the 

nummulite tests is found in the C7-NC41 well with 11%  and the lowest percentage 

of the LR is appeared in the C3-NC41 with 2%. The small flattened nummulites 

are usually associated with large flattened ones. The highest percentages of this type 

of nummulites are present in C7-NC41, C3-NC41 and B4-NC41 wells with 54%, 

32%, 29% respectively. The other two wells represent the lowest percentage 
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including B7-NC41 and B2-NC41 with 10% and 14% respectively. The most 

abundant type of nummulite tests recognized in the wells is the large flattened 

nummulites as they vary from 27 % to 77 %.  The highest percentage is represented 

along most of the wells except the well B7-NC41, which represent 77% of this type 

of nummulites whereas the C7-NC41 represents the lowest percentage with 27%. 
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Figure  5-42: Core description of B2-NC41 well (redrawn and modified from Imbarek 2008). 
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5.2.9. Subsurface lithofacies analysis 

The Eocene Farwah Group in the subsurface of the Tarabulus Basin is divided into 

three formations including Bilal, Jirani and Jdeir. In the masters project of Imbarek, 

(2008) the subsurface lithofacies did not receive much attention. They were very 

briefly described, classified, and interpreted using only one well (B2-NC41).  Eight 

lithofacies were defined for the three formations of the Eocene rocks. In the current 

PhD study closer examination of seven cored wells in the offshore area has led to 12 

lithofacies, being recognized based on their fossils, lithology, and sedimentary 

structures Table 5-4. The lithofacies of these formations are described in the 

following section and are summarised in Table 5-4.      

5.2.9.1. Bilal Formation (B-LFA) 

The Bilal Formation is mainly representing the lowermost portion of the Eocene 

sequence in the Tarabulus Basin. This formation is composed of finely fossiliferous 

wackestone-packstone. However, it is characterized by an appreciable variation in 

lithologies that include mudstone, wackestone, and packstone. In less amount shale, 

marl, dolomite, anhydrite, and phosphate are also present. This formation was not the 

main target of this research project so it has not received detailed attention. 

Previously, the Bilal Formation was divided into two lithofacies. In the current study 

this formation is described in one main lithofacies, as it was hard to distinguish the 

two lithofacies in the other wells. 

5.2.9.1.1. Well-laminated Mudstone-wackestone Lithofacies (B-LF) 
Observations 

This lithofacies is represented by well-laminated fine-grained mudstone-wackestone, 

which locally grades into packstone (Figure 5-43). It is interbedded with some shale 

and dolomitic-limestone and is locally associated with chalk, anhydrite and 

glauconitic grains. Brown to dark brown and light gray are the main highlighted 

colors that have been determined from the core analysis. This lithofacies is 

associated with small size echinoderms and mollusca fragments. In addition, planktic 

foraminifera, small benthic foraminifera, phosphatic remains, and glauconitic 

nodules are occasionally presented.  

From the core description, the northern part of NC-41 Block in and around 

wells D2-NC-41 and B2-NC-41, some amount of marl rich in planktic foraminifera 

is present. However, in the southern portions of the block, in and near to the H1-NC-

41 well, this lithofacies becomes more associated with dolomicrite, anhydrite, and 

mudstone. At some levels, phosphatic rocks occur and shale is locally dominant in 
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and around the P1-NC-41 well. Generally, this lithofacies reaches a thickness of over 

152m at C2-NC-41 and thins towards the east and south. This lithofacies contains 

negligible to poor porosity. 

Interpretation 

Based on the sedimentological characteristics including the well-laminated, fine-

grained lithologies and the presence of different types of fossils, this lithofacies can 

be interpreted to be deposited in as open shallow ramp to open-lagoon. It is slightly 

restricted southward and becomes more open northward with the influence of deep 

marine conditions as indicated by the presence of planktic foraminifera manly at D2 

and B2-NC-41 wells, which are located in the northern part of the block. This 

lithofacies becomes less restricted with marine conditions in the central and the 

northern parts where wackestones and packstones with abundant skeletal fragments 

of echinoderms and mollusca and small foraminifera are common (Table 5-4).  
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Figure  5-43: Showing the well-laminated mudstone-wackestone lithofacies of the Bilal Formation.(A, 
B, C, D) Core photographs showing a well-laminated fine-grained, dark grey to dark brown 
mudstone-wackestone. (E) Photomicrographs of well-lamination mudstone and wackestone with 
intercrystalline porosity (“E” is from Imbarek, 2008). 
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5.2.9.2. Jirani Formation Association (J-LFA) 
This formation is characterized by grey to light grey dolomitic-limestones 

(Hammuda et al. 1985). Two lithofacies were identified in this Formation, similar to 

the conclusion of Imbarek (2008), including dolomite-anhydrite lithofacies (LF1) 

and dolomitic-limestone lithofacies (LF2) but they contrast in their stratigraphic 

position. In the wells examined in the M.Sc. Project, LF2 came before LF1. 

However, in all the wells subsequently examined for this thesis the position of these 

lithofacies was reversed. In the PhD thesis, the two lithofacies have been 

considerably described in most of the wells and they were carefully interpreted and 

compared with other similar lithofacies in different places.  

5.2.9.2.1. Dolomite-anhydrite Lithofacies (J-LF1) 
Observations 
This lithofacies is mainly characterized by fine-grained light grey dolomite, which is 

mainly made up of microcrystalline dolomite and dolomitic limestone associated 

anhydrite (Figure 5-44 A, B, C, D). Noticeably this lithofacies dominated the 

southern portion of the NC block. This lithofacies has mainly been observed in two 

of the selected wells C1 and H1, which are located to the south of the block. In the 

H1 well, this lithofacies is characterized by brown-grey dolomicrite with beds of 

poorly fossiliferous mudstones and wackestones and few horizons of anhydrite. 

Intervals of gypsum were encountered which could be the origin of the anhydrite. 

However, in the C1 well, this lithofacies is represented by varicolored marly levels 

interbedded with anhydrites and mudstones/wackestones. Dolomite is non-

fossiliferous; but the poorly fossiliferous mudstones and wackestones levels contain 

algae, miliolid, alveolinid, mollusca, and echinoderm fragments in reasonable 

amounts. In some intervals, phosphatic remains have also been observed. The 

anhydrite occurs as separate nodules ranging in size between 10cm and 15cm, 

however, anhydrite forms beds with thickness between 1 to 2m in some intervals 

along the well H1-NC41, which is located in the southern portion of the NC-41. 

Generally, it contains low porosity with the exception of the early dolomitized 

intervals, which contain moderately higher intercrystalline porosity.  

Interpretation 
The lithofacies is characterized by dolomitic-limestones and restricted shallow 

marine fauna in the dolomitic limestone and wackestone mudstone, as well as the 

occurrence of anhydrite nodules suggesting hypersaline marine waters during its 

formation. The well-preserved anhydrite nodules suggest that arid to semiarid 

conditions dominated the area. Thus, this lithofacies can be interpreted as deposited 
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in restricted shallow inner-ramp settings dominated by hypersaline conditions. The 

anhydrite nodulars indicate a supra to intertidal settings (Table 5-4). 

5.2.9.2.2. Dolomitic-limestone Lithofacies (J-LF2) 
Observations 
This lithofacies is recognized in most of wells. It is characterized by an interbedded 

mudstone; dolomitic mudstone, with levels of wackestone and mudstone that become 

common at the bottom (Figure 5-44 E, F, G). Fine-grained, grey dolomitized 

wackestone/mudstone with beds of wackestone and dolomicrite are present. Locally, 

dolomitic limestone beds include dolomitized nummulitids with few miliolids, algae 

and other fossil fragments. The limestones are light grey to brown in color, and the 

dolomite is light grey to light brown micro-crystalline. At the B2-NC-41, well which 

is located to the northern portion of the NC-41 Block, dolomite in this lithofacies is 

very finely crystalline with some kaolinitic clay. Burrows and birds-eye-like 

structures have been observed. Similar lithofacies have been described along the 

wells B1-NC-41 and B3-NC-41; however, dolomite changes to coarse-grained at Cl-

NC-41 which is positioned to the south. Porosity in this lithofacies dominantly 

contains excellent vuggy and mouldic porosity associated with good to excellent 

intercrystalline porosity (Figure 5-44 F, G). 

Interpretation 
From the above-mentioned observations throughout the wells, the J-LF2 lithofacies 

of the Jirani Formation is present in the wells that were drilled in the northern and 

northwestern sections of the NC-41 Block, where the lagoonal conditions existed 

during Eocene time, which are probably restricted, with inner-ramp conditions 

affecting the area that dominates the southern part of the basin. Sbeta (1990) has also 

documented that the northern part of the Tarabulus Basin is dominated by restricted 

conditions during the Eocene. This lithofacies contains skeletal fragments of 

bivalves, nummulitids and locally miliolids, which suggest that this lithofacies was 

deposited in a locally restricted lagoonal and inner ramp setting. The birds-eye-like 

structures could be formed as a result of dissolved lens-shaped nummulite tests. 

Generally, it can be considered as having accumulated in shallow inner-ramp 

settings. Rahmani (2010) has documented that the presence of miliolid foraminifera 

correspond to inner shelf to middle shelf depositional settings in water depths 6-10m 

with low energy conditions, below the wave base. The presence of dolomitized 

fossils within the dolomitic limestone intervals and remnants of precursor micritic 
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matrix within the dolomite also indicates that the Jirani Dolomite is not a primary 

deposit (Table 5-4). 

 
Figure  5-44: Showing the Dolomite-anhydrite Lithofacies (J-LF1). (A, B) Core photographs of fine-
grained dolomite with anhydrite vain (A) and anhydrite nodules (B), (C) Photomicrographof evaporite 
forming "chicken-wire texture." (D) Fine-grained dolomite with anhydrites (his photo is from 
Imbarek, 2008). 
Dolomitic-limestone Lithofacies (J-LF2). (E, F) Core photographs of fine-grained dolomite, (G) 
Photomicrographs of dolomite crystals and good intercrystalline and vuggy porosity (F & G are from 
Imbarek, 2008).  
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5.2.9.3. Jdeir Formation Association (JD-F) 

In the current study, this formation is the most important unit, was studied in more 

detail along more cored wells, and has been divided into nine lithofacies. These 

lithofacies have been described and interpreted in terms of their relationship to one 

another. 

The Jdeir Formation is lithologically characterized by wackestone, packstone, 

grainstone, floatstone and rudstone. The Jdeir Formation is very fossiliferous, and 

very rich in larger foraminifera including nummulitids, orbitolitids, discocyclinids, 

alveolinids, and locally small foraminifers miliolid as well as bivalve, gastropod, and 

echinoids. In places, some nummulite debris is present (Chart 5-6). The names of the 

lithofacies were distinguished based on the highest percentage of fossil content and 

the other types of components that were described in the observations. From the 

chart, nummulites are the most diverse bioclast in most of the lithofacies and they are 

observed in all lithofacies. 

These lithofacies can be assembled in two distinguishable large units. These 

are the lower unit of the Jdeir Formation and upper unit of the Jdeir Formation.  

Generally, larger foraminifera grainstone associated with skeletal wackestone and 

packstone characterize the lower unit of the formation. On the other hand, 

nummulitic-rich packstone to grainstone are dominant in the upper unit of Jdeir 

Formation. The two units contain different sedimentary lithofacies and show some 

variation in their thickness. The lithofacies of the Jdeir Formation are described in 

the following sections. 
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Chart  5-4: Representing the percentages of the dominant components (of the total fossil contents) of each lithofacies as well as the percentage of the other associated 
clastics in Jdeir Fm.    
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5.2.9.3.1. Large nummulitids floatstone Lithofacies (JD-LF1) 
Observations 

The large nummulitids floatstone lithofacies was observed in wells B4 and B8 NC41. 

This lithofacies is dominated by very large size and well-preserved nummulite tests, 

stacked on one another and form very high potential of the fossil contents (almost the 

entire rock is made of nummulitids, up to 80%) (Chart 5-6) (Figure 5-45). This 

lithofacies is dominated by flattened large B-form nummulite tests with some small 

A-forms with size larger than 2mm. It ranges from floatstone to grainstone in texture 

and the colour is gray. The matrix is made-up of nummulithoclastic wackestones to 

packstones and less micritic matrix. The nummulithoclastics are less than 2mm in 

size. The large nummulitids are in some places found to be reworked or broken, 

fractured and fragmented associated with fragments of bivalves (5%) and 

echinoderms as well as some other types of larger benthic foraminifera including 

discocyclinids (5%). These nummulite tests have not shown a preferred orientation 

as their position takes different directions, however, in some places a linear direction 

has been noticed as well as in some other intervals a cross-bedding-like pattern can 

be seen (Figure 5-45). Compaction, grain-to-grain touch, seams, stylolites and 

microstylolites are present in this lithofacies. In terms of porosity, this lithofacies 

contains mouldic, vuggy, intraparticulate and interparticulate porosity ranging from 

modest to high (15-25%). In addition, the nummulite chambers have noticeably 

increased the porosity in this lithofacies. 

Interpretation 

The intensity of large size and flattened shape of nummulitids (B-forms) and their 

stacking patterns suggest the development of nummulitic-banks in shallow-water 

parts of the middle ramp. Moreover, the coarse grain size, the grain-supported texture 

floatstone, the good sorting and unidirectional orientation of the well-preserved 

nummulite tests indicative of a moderate low to high-energy bank to fore-bank 

environment. However, the cross-bedding-like structures of the nummulite test 

accumulations suggest reworking in energetically high conditions in the bank setting 

(Table 5-4).  
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Figure  5-45: Large nummulitids-floatstone Lithofacies (JD-LF1). (A, B)  Core photos showing typical 
large nummulite tests with large mouldic and interparticulate porosity. (C) Randomly oriented 
Nummulites, (D, E) Large nummulite tests, stacked on one another and form very high potential of the 
rock volume. Liner direction and cross-bedding-like (D), nummulite tests are imbricated forming 
stutred grain-to-grain touch with developed to stylolites (E). (F, G) Photomicrographs showing large 
nummulite tests with high interparticulate and intraparticulate porosity. Stylolites are developed 
around the nummulite tests (F) (F & G are from Imbarek, 2008). 
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5.2.9.3.2. Large well-sorted nummulitids Rudstone-Floatstone 
Lithofacies (JD-LF2) 

Observations 

The large well-sorted nummulitid rudstone is observed in wells B2, B4, B8, and 

C7.This lithofacies is generally made up of concentrated (80%) large nummulitic 

tests forming a rudstone texture (Figure 5-46). It changes into nummulitic-rich 

floatstones in some intervals. This lithofacies is dominated by compacted, fractured 

and randomly oriented large and small-flattened B-form nummulite tests associated 

with less small robust A-form nummulite tests. Most of the nummulite tests are 

larger than 2 mm in size. Molluscs (5%) and echinoids (8%) have also been found in 

this lithofacies as a relatively high percentage of scattered fragments (Chart 5-6). The 

matrix in this lithofacies is made-up of nummulithoclastic micritic matrix. The 

nummulithoclastic matrix is wackestones to packstones, which formed from 

fragmented nummulite tests. The nummulite tests in this lithofacies show an 

imbrication pattern and are obliquely arranged. Different stylolites in low and high 

amplitudes have been seen in this lithofacies mainly bounding the nummulite tests. 

This lithofacies is also one of the important units as it forms an excellent reservoir. 

Oil stains have been observed in the described intervals filling the nummulite 

chambers (Figure 5-46B). This lithofacies contains high mouldic, vuggy, 

intraparticulate and interparticulate porosity (10-20%) as well as the nummulite 

chambers forms good primary porosity. 

Interpretation: 

Well-sorted, large-size Nummulites and the fragmented bioclasts associated with the 

lithofacies, grain-supported texture rudstones, the imbricated nummulite tests and the 

oblique arrangement suggest moderate to high-energy bank environment associated 

with unidirectional currents. This is in line with the interpretation by Beavington-

Penney, (2008) and Aigner, (1985) of such accumulations. This lithofacies is 

developed most likely in the middle ramp and might extend into the inner ramp 

setting locally (Table 5-4).  
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Figure  5-46: Large well-sorted nummulitids rudstone lithofacies (JD-LF2). (A, B) compacted and 
obliquely arranged large and small flattened B-forms nummulite tests.(C) Large flattened nummulite 
tests with small nummulite tests contains good intraparticulate porosity. (D) Large, randomly oriented 
and fractured nummulite tests with excellent mouldic, vuggy, inter and intraparticulate porosity. (E, F) 
Photomicrographs of large flattened Nummulites. Good vuggy porosity (F) (E & F are from Imbarek 
2008). 
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5.2.9.3.3. Small well-sorted nummulitids grainstone Lithofacies 
(JD-LF3) 

Observations 

This lithofacies is mainly distinguished by small well-sorted nummulite tests made 

up to 75% of the fossil contents (Figure 5-47). However, echinoderms (7%) and 

molluscs (10%) are also observed along the cores of this lithofacies associated with 

uncommon whole and fragmented large nummulite tests and other benthic 

foraminifera (Chart 5-6). Lithologically, it is a dark brown, bioclastic grainstone. In 

terms of the sedimentary structures, the ripple-like structures of the nummulite tests 

have been observed in a small scale in some intervals (Figure 5-47B). The matrix is 

in this lithofacies is made-up of micrite with small fragmented bioclasts packstone. 

Very low amplitude stylolites and seams were observed. The nummulite chambers 

form good primary porosity. It also contains mouldic, vuggy, intraparticulate and 

interparticulate porosity ranging between 10 and 15%. 

Interpretation 

Hydraulic sorting could be the main factor in the enrichment of this lithofacies by 

small well-sorted nummulite tests. This can be related to the waves and currents that 

have removed the other fine components from the more agitated top of the structures, 

which were described as allocthonous accumulation by Aigner (1985). This 

lithofacies was probably deposited in the fore-bank in the middle ramp settings and 

the ripple-like structures suggest a water depth near to the fair-weather wave base. 

Beavington-Penney and Racey (2004) have located the smaller, robust Nummulites 

forms in shallow water depths, which support shallow middle ramp settings for this 

lithofacies (Table 5-4). 
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Figure  5-47: Showing the small well-sorted nummulitids grainstone Lithofacies (JD-LF3). (A) 
Represents small nummulite tests. (B) Nummulite tests arranged in a ripple-like structure. (D) Small 
nummulite tests infilled with oil in their chambers. (D, E) small nummulite tests in nummulithoclastic 
and micritic matrix showing good vuggy, inter and intraparticulate porosity.   
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5.2.9.3.4. Poorly-sorted nummulitids packstone-grainstone 
Lithofacies (JD-LF4) 

Observations 

This lithofacies is characterized by light to dark gray bioclastic packstone-grainstone 

including poorly sorted nummulitic tests (up to 80% of the fossil contents) with 

echinoderms (4%) and molluscs (8%) (Chart 5-6). This lithofacies includes a mixture 

of large and small flattened B-form nummulite tests associated with less small robust 

A-forms (Figure 5-48). These nummulite tests have no preferred orientation except 

in few places where nummulite tests are horizontally oriented. The sedimentary 

structures have not been observed within this lithofacies except for scattered pocket 

fill features (Figure 5-48 F, G). High amplitude stylolites are observed at some 

intervals in this lithofacies and the nummulite tests are deformed and fractured 

(Figure 5-48 A, B, C). The matrix is micritic and nummulithoclastic where broken 

nummulite tests are very abundant (Figure 5-48 E). This lithofacies has fair porosity 

including mouldic, intraparticulate, interparticulate, and vuggy and fracture porosity 

(10-12%). 

Interpretation 

Nummulitic-rich accumulations are found to be deposited as nummulitic banks in the 

middle ramp settings. Deep-water parts of the carbonate ramp can be assigned to this 

lithofacies, which is evidenced by the lack of true current-related structures, the 

horizontal laying of the large nummulite tests, and the nummulithoclastic matrix. The 

poor sorting of the nummulite tests (the small and lager sizes are found in the same 

unit) is significant evidence that such accumulation could be very close to the in-situ 

biocenosis which have not been highly influenced by winnowing and reworking. 

Such nummulitic-rich accumulations were described by Aigner (1985) as 

parauthoctonous accumulation. Accordingly, this lithofacies was deposited in the 

fore-bank within the middle ramp setting (Table 5-4). 
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Figure  5-48: Poorly-sorted nummulitids packstone-grainstone Lithofacies (JD-LF4).(A, B, C, and D) 
Core photos showing large Nummulites (B-Form) and small Nummulites (A-Form) showing deformed 
and fractured large Nummulites (A) and random orientation of nummulite tests (B) and high amplitude 
stylolites (C) and horizontal orientation of the nummulite tests (D). (E)Photomicrograph showing large 
and small nummulite tests in micritic and nummulithoclastic matrix with good intraparticulate, mouldic 
and fracture porosity. (F&G) Pocket fill features. 
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5.2.9.3.5. Orbitolitids-miliolid wackestone-packstone Lithofacies 
(JD-LF5) 

Observations 

This lithofacies is characterized by abundant larger foraminifera orbitolitids (up to 

55%) and smaller foraminifera (miliolids), nummulitic tests (15%), and alveolinids 

(10%) (Chart 5-6)  (Figure 5-49). The orbitolite and nummulite tests are randomly 

oriented. Lithologically, it is wackestone to packstone, grayish yellow in color and is 

variably dolomitized. Dolomite rhombs were observed and this dolomitization event 

has created good porosity. Low amplitude stylolite features have been seen in this 

lithofacies. Matrix is mainly micritic and bioclastic wackestone made up of 

fragmented orbitolites, nummulites, miliolids and undefined fossils. This lithofacies 

contains good vuggy, mouldic, inter and intraparticulate porosity (~ 15%).  

Interpretation 

Based on the petrographic analyses and the presence of the fossils including 

orbitolitids and miliolid foraminifera in this lithofacies suggest that this lithofacies 

have been deposited in shallow inner-ramp conditions. It has been reported by 

several researchers, including Rasser et al.(2005), Babazadeh (2010) and Hottinger 

(1983), that orbitolitids are found in the inner parts of the carbonate ramp where 

water depth does not exceed 50m. Rahmani (2010) has interpreted the abundance of 

miliolid foraminifera as thriving in inner shelf to middle shelf settings with low 

energy settings in water depths 6-10m and below the wave base (Table 5-4).  
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Figure  5-49: Orbitolitids-miliolids-wackestone-packstone Lithofacies (JD-LF5. (A, B, C, D) Core 
photographs showing the large orbitolites associated with nummulite and alveolina (d) tests in a 
micritic-limestone. (E, F)  Photomicrographs showing the orbitolite tests associated with abundant 
miliolids in micrite and biolithoclastic. Vuggy and intraparticulate porosity id observed.
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5.2.9.3.6. Alveolinids  wackestone Lithofacies (JD-LF6) 
Observations 

This lithofacies is characterized by its richness of alveolinids (45%) and orbitolitids 

(15%) in micritic-limestone and lithoclastic matrix (fragments of alveolinids, 

nummulites and echinoderms) (Figure 5-50). In terms of the texture, this lithofacies 

is dominantly wackestone, which grades up into grainstone in places and is 

associated with molluscan wackestone to packstone in other places. It is yellowish-

to-yellowish grey in color. The lithofacies is underlying the nummulitic-rich 

lithofacies in some of the wells however, in some places it is found at the top of the 

Jdeir Formation where the nummulitic-rich lithofacies is weakly developed. 

Nummulite tests have also been found in this lithofacies but in a low percentage 

(10%). Molluscs (10%), echinoids (5%) and miliolids are present (Chart 5-6). 

Stylolites and fractures were observed in this lithofacies. It contains intraparticulate 

porosity within the alveolina chambers, vuggy, and mouldic porosity (8-12%) 

(Figure 5-50D, F, G).  

Interpretation 

The presence of alveolinids indicates deposition in shallow quiet water of the inner to 

middle ramp (Hottinger, 1983; Rasser et al., 2005; Babazadeh, 2010). In particular, 

this lithofacies is rich in alveolinids and is associated with small in size nummulitids 

(A-form and B-form), which both are developed in and indicative of back-bank 

middle ramp to inner ramp settings. Langer and Hottinger (2000) have reported that 

living or fossil alveolinids occurred in different shallow marine settings in water 

depths less than 35m. A lagoonal environment was assigned to alveolinid, 

nummulitid, and orbitolitid rich facies by Özgen-Erdem et al. (2005). Therefore, this 

lithofacies could have been deposited in inner-ramp settings and to some extent in a 

back-bank in the middle ramp (Table 5-4).  
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Figure  5-50: Alveolinids-wackestone lithofacies (JD-LF6). (A, B and C) Core photos of the 
Alveolinid forams in a micritic-limestone matrix. (D) Photomicrographs of a single alveolina test in a 
micritic matrix with very good vuggy porosity. (E) A close-up of the alveolina test showing details of 
the internal structure and small fracture. High intraparticulate porosity is represented within the 
alveolina chambers. (F) Deformed alveolina test in a micritic matrix with good vuggy porosity. (G) 
Photomicrographs of alveolina test in lithoclastic matrix with good mouldic and vuggy porosity. (H) 
Alveolina tests with miliolids, molluscs and echinoids (A, C, D, E, F, G, H are from Imbarek, 2008). 
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5.2.9.3.7. Discocyclinids packstone-grainstone lithofacies (JD-
LF7) 

Observations 

This lithofacies of the Jdeir Formation is a light grey, medium to coarse-grained 

packstone-wackestone occasionally grading into grainstone in some intervals. This 

lithofacies contains an abundance of different type of fossils and their fragments. It 

includes large and small sizes of discocyclinids (50%), which are characterized by 

elongated, lenticular shapes and have thin equatorial layer (Figure 5-51). These 

foraminifera are associated with (mainly small A-form) nummulitids (30%), 

echinoderms (5%), assilinids, alveolinids (5%), miliolids, and orbitolitids (5%) 

(Chart 5-6)  (Figure 5-51B, D, E). Fragments of unclassified fossils are also present 

forming the bioclastic matrix. Low amplitude stylolites and microstylolites were seen 

in this lithofacies. From the core analysis, it has also been noticed that this lithofacies 

is thicker in the southern portion of the NC-41 Block than the northern portions. This 

lithofacies contains intraparticulate porosity within the alveolina chambers, vuggy, 

interparticulate and mouldic porosity (~8%) 

Interpretation 

The presence of the large size, flattened and elongated morphology of the 

discocyclinids fossils indicate an outer-ramp setting. The lithology and the other 

faunal contents including large in size and flattened in morphology nummulite tests 

(B-forms) and the stylolites which suggest that this lithofacies was probably 

deposited on the outer portion of the ramp. The discocyclinid foraminifera have been 

placed by Flügel (2004) in the outer portion of the ramp and at the uppermost part of 

the slope setting. Previously, Gilham and Bristow (1998) assigned discocyclina to the 

deeper parts of the ramp mainly representing the outer-ramp settings. Beavington-

Penney et al., (2005) have documented that elongate discocyclina suggests 

deposition in the photic zone, but below FWWB (Table 5-4). 
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Figure  5-51: Discocyclinids packstone-grainstone lithofacies (JD-LF7). (A and B) Large elongated 
discocyclinids with nummulite tests. (C) Discocyclina tests outlined by micrite. (D) Randomly 
oriented large discocyclinids. (D, E) Photomicrographs showing large discocyclina tests within 
nummulithoclastic and micritic matrix with vuggy and mouldic porosity. 
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5.2.9.3.8. Gastropods wackestone-packstone Lithofacies (JD-
LF8) 

Observations 

This lithofacies is composed principally of, fine-to-coarse grained molluscan and 

echinoid fragments. Gastropods are very common with a very large size and make up 

to 70% of the fossil content (Figure 5-52 A, C). Gastropod moulds are filled with 

calcite crystals from inside with very small-recrystallised nummulite tests (Figure 5-

52 B, C). Thin sections have shown that the gastropod shells are completely 

recrystallised (Figure 5-52D). Lithologically, it is dominated by grey to light grey 

wackestone to packstone and grainstone, but it fines into mudstone-wackestone at 

some intervals. From petrographic analyses, it has been observed that this lithofacies 

includes some other bioclasts such as small foraminifera (miliolids) and whole and 

fragmented small nummulite tests (10%) and echinoid (10%) (Chart 5-6). The matrix 

is made up of fine to medium micrite and few bioclastics wackestone (Figure 5-

52D). Gastropods and Nummulites have been dissolved and left large vugs, which 

increased the porosity (Figure 5-52 A, B, C). This lithofacies includes mouldic, 

vuggy, interparticulate and intraparticulate porosity (10-20%).   

Interpretation 

The intensity of gastropods suggests restricted lagoonal conditions. The occurrence 

of echinoids indicates normal marine conditions (Wilson, 1995). The association 

nummulite-gastropod indicates the proximity of more restricted settings (Moody, 

1987). The presence of large bivalve in life position suggests that the substrate is 

stabilized. Based on the textures of mudstone/wackestone, packstone, the abundant 

gastropods in association with nummulites, the occurrence of echinoids, miliolids, 

and whole and fragmented nummulites, this lithofacies might have accumulated 

under a range of energy conditions in a lagoonal to inner-ramp environment (Table 

5-4). 
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Figure  5-52: Gastropods wackestone-packstone lithofacies (JD-LF8). (A) Core box of the gastropods 
lithofacies. (B, C) Close-up of the gastropods-rich lithofacies showing excellent vuggy and mouldic 
porosity. (D) Gastropod cemented with calcite in micritic and fine-grained lithoclastic matrix 
(Hammer is 30cm). 
 

5.2.9.3.9. Molluscan rudstone lithofacies (JD-LF9) 
Observations 

This lithofacies is composed of mainly well-preserved large bivalves (larger than 

2mm in size) forming (70%) of the fossil contents and gastropods (15%), with 

scattered nummulitic tests (10%) and 5% of other clasts including echinoids 

associated with large fragments of bivalves (Chart 5-6). This lithofacies is poorly 

sorted medium-coarse-grained, formed of horizontally oriented skeletal particles in 

which mollusc and nummulites are the most abundant. Whole and fragmented shells 
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of molluscs were observed forming Coquina (Figure 5-53). Lithologically, it is 

largely dominated by dark gray rudstones with some intervals of grainstones. The 

molluscan lithofacies is identified in wells B7 and C7. The matrix in this lithofacies 

is composed of micrite and lithobioclasts that are made up of mollusc fragments, 

echinoids fragmented small nummulites. The lithobioclasts are less than 2mm in size 

in most of the described thin sections. Poor to good vuggy and mouldic porosity is 

present in this lithofacies (3-12%). 

Interpretation 

The bivalves and gastropods present in the molluscan lithofacies provide evidence of 

a restricted environment in the inner-ramp (Wilson,1995). The associated echinoid 

fragments and whole and fragmented nummulites indicate normal marine 

environments. The presence of the large Nummulites and the fragments of mollusca 

suggest accumulation in inner to middle ramp settings. Coquinas however are 

normally of high-energy storm conditions and are most likely found in the inner 

ramp (back-bank) and occasionally in the middle ramp settings (Table 5-4).    
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Figure  5-53: Molluscan rudstone lithofacies (JD-LF9). (A) Core photo showing very rich with bivalve 
shells, which are horizontally oriented.  (B) well- preserved bivalves with small nummulite tests. (C) 
Bivalve shells with large nummulite tests. (D, E) Microphotographs of bivalve shells in micritic and 
bioclastic matrix. 
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Table  5-4: Summary of the lithofacies of the Eocene rocks in the NC-41 Block in the Tarabulus Basin (Table was extracted from the current study). 

Code Lithofacies Dominant fauna Sedimentary structures Porosity types 
Depositional 
environment 

Plates 

B-LF Mudstone-wackestone  
Echinoderms,  
mollusca fragments, planktic and  
small benthic foraminifera 

well-lamination 
Microporosity 
Intraparticulate, 
Mouldic 

open shallow 
ramp to open-
lagoon 

4-40 

J-LF1 Dolomite-anhydrite  
algae, miliolid, alveolinid, 
mollusca, and echinoderm 

anhydrite nodules increase into bedded 
nodular  

Intercrystalline, 
mouldic 

restricted shallow 
inner-ramp 

4-41 

J-LF2 Dolomitic-limestone  
nummulitids with few miliolids, 
algae and other fossil fragments 

Burrows and birds-eye 
coarse-grained 

Vuggy, mouldic, 
Intercrystalline 

Inner ramp 4-41 

JD-LF1 
Large  nummulitids 
floatstone  

Large Nummulites, bivalves and 
echinoderms,  
other types of larger benthic 
foraminifera 

Cross-bedding, well-sorted, 
Randomly oriented large nummulite 
tests. Stylolites and fractures 

mouldic, vuggy, 
intraparticulate 
and 
interparticulate 

Middle ramp 5-42 

JD-LF2 
Large well-sorted 
nummulitids rudstone-
floatstone  

Large Nummulites,  
Molluscs,  
echinoids 

Well-sorted, large Nummulites, 
Randomly oriented Nummulites, grain-
supported, imbricated Nummulites and 
oblique lamination, Stylolites and 
fractures 

Mouldic , 
Interparticulate, 
Intraparticulate, 
vuggy 

Middle ramp and 
extend into the 
inner ramp 

5-43 

JD-LF3 
Small well-sorted 
nummulitids grainstone  

small Nummulites, 
echinoderms, mollusc, few large 
Nummulites, 
other benthic foraminifera 

well-sorted, 
randomly oriented nummulite tests, 
ripple-like and stylolite structures 

Interparticulate, 
Intraparticulate, 
Mouldic , 
vuggy 

middle ramp 5-44 

JD-LF4 
Poorly-sorted 
nummulitids packstone-
grainstone  

Large and small nummulitic tests 
with echinoderms and molluscs 

Poorly-sorted, 
random orientation of nummulite tests 

Interparticulate, 
Intraparticulate, 
Mouldic 

middle ramp 5-45 

JD-LF5 
Orbitolitids-miliolid 
wackestone-packstone  

Orbitolitids miliolid, nummulitic 
tests, and alveolinids 

Randomly oriented orbitolites and 
nummulite tests 

Mouldic, Vuggy Inner ramp 5-46 

JD-LF6 Alveolinids  wackestone  
alveolinids and orbitolitids, 
molluscs, Nummulites 

Random orientation of alveolinids, 
orbitolites and nummulite tests 

Mouldic , 
Intraparticulate, 
Vuggy 

inner to middle 
ramp 

5-47 

JD-LF7 
Discocyclinids 
packstone-grainstone  

large and small discocyclinids 
nummulitids, echinoderms, 
alveolinids, miliolids, orbitolitids 

Discocyclinids tests are randomly 
oriented ,Cross-bedded, Poorly sorted 

Vuggy, Mouldic , 
Intraparticulate 

outer ramp 5-48 

JD-LF8 
Gastropods wackestone-
packstone  

Gastropods, echinoid, 
Miliolids, small nummulite tests 

Large, well-sorted gastropods  
random oriented small Nummulites 

Vuggy, Mouldic , 
Intraparticulate 

lagoonal to inner-
ramp 

5-49 

JD-LF9 Molluscan-rudstone 
bivalves and gastropods, 
nummulitic tests 

Poorly-sorted  
Interparticulate, 
Intraparticulate, 
Mouldic 

inner ramp 5-50 
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5.2.10. Lithofacies Distribution of Jdeir Formation 

The Jdeir Formation contains nine lithofacies recognized on their sedimentological 

and faunal characteristics. These lithofacies can be grouped in general into two main 

large units, which are The Lower Jdeir Formation Unit (LJFU) and The Upper Jdeir 

Formation Unit (UJFU). These two units can be summarized as following:  

Lower Jdeir Formation Unit (LJFU): The Lower Jdeir Unit is 

characterized mainly by the occurrence of the nummulitids in a nummulitic-rich 

packstone-grainstone, floatstone and rudstone lithofacies (JD-LF1, JD-LF2, JD-LF3, 

JD-LF4 ). These lithofacies are locally associated with wackestone and mudstone 

interbeds. Large and small nummulitids are the main faunal components in this unit 

and the main species are Nummulite rollondi, Nummulite irregularis and Nummulite 

gizehensis. Around B2-NC-41 and El-NC-41, fragments of gastropods bivalves 

echinoids and algae are also present in diverse proportions. Well C7-NC-41 is 

dominated by debris of bivalves and gastropods with abundant nummulitids. The 

nummulite tests in this well are oriented parallel to bedding. Most of the lithofacies 

that belong to this unit have been developed in the northern part of the NC-41 block 

in the wells B2, B4 and B7 and are also present in the wells in the central part of the 

block C3, C7 and C8(Figure 5-54). 

The nummulitic-rich lithofacies are widely spread between the drilled wells 

in the NC-41 block. For instance, it has been encountered in most of the selected 

core-wells in this study, which are distributed from north to south and from west to 

east. It has been recognized that the thickness of the Lower Jdeir Unit varies greatly 

from well to well. It measures about 70m in well B2-NC41. However, in the southern 

part of the NC-41 Block especially near to the H1-NC41 well, it is less developed 

and tends to be very thin which is probably indicative of the southern and western 

limit of the nummulitic bank. Further toward the south most of the bank settings 

changes into a back-bank setting which is represented by Alveolinid-Orbitolitid 

lithofacies of the LJFU. 

Upper Jdeir Formation Unit (UJFU): Generally, this unit contains 

abundant larger benthic foraminifera that include mainly orbitolitid lithofacies, 

alveolinid lithofacies, and discocyclinid lithofacies (JD-LF5, JD-LF6, JD-LF7) and 

locally small foraminifera of miliolids. Gastropod lithofacies and molluscan 

lithofacies are also present in this unit (JD-LF8, JD-LF9). 
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Most of the lithofacies of the Jdeir Formation that belong to this unit are 

developed in the central part of the NC-41 block in the wells C3, C7, and C8 in the 

central portion of the block and grade to nummulitid-rich lithofacies to the north and 

northeast (Figure 5-54). Laterally and towards the south and southwest, this unit 

generally passes into the restricted near shore Bilal Formation. Sbeta (1990) 

documented that the highly energetic and reefoidal lithofacies of Tajoura Formation 

pass into this unit (UJFU) in the southeastern direction. In the north and northeast, 

the deeper water lithofacies of the Hallab Formation passes into LJFU. 
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Figure  5-54: Fence diagram showing the correlation between lithofacies in the studied wells representing their distribution in the NC-41 Block in Tarabulus Basin. 



202 
 

5.3. Sequence Stratigraphy of the Eocene Farwah and Ras Al-
Hilal groups 

This section briefly introduces the sequence stratigraphy of the Eocene rocks in 

northern Libya. The Eocene sedimentary successions in the Cyrenaica Basin in 

northeast onshore Libya and the Tarabulus Basin in northwest offshore Libya show 

an overall shallowing upward trend from fine-gained lithofacies of outer-

ramp/basinal settings to coarse-grained nummulitic-rich lithofacies of outer, middle 

and inner-ramp settings. The thickness of the nummulitic-rich deposits in northern 

Libya ranges from 150 meters and between 60-to-400 meter in northwest offshore 

and northeast onshore areas, in the Jdeir and Dernah Formations, respectively. 

(A) Farwah Group:  

Stratigraphically, the whole Eocene carbonate series of the Farwah Group is well-

developed in the central portion of the NC41 area and has been divided into two 

major sedimentary sequences. Based on the stratigraphic position of the identified 

lithofacies, these sequences show an overall shallowing upward trend which can be 

divided into two shallowing events (Figure 5-55). The lower event is represented by 

the beginning of the Farwah Group accumulation, which starts with the deposition of 

the Bilal Formation (wackestone, micritic) in open shallow marine conditions. It was 

then succeeded by the dolomitic fossiliferous packstone of the restricted shallow 

conditions and fine-grained dolomites of tidal environments of the Jirani Formation. 

The upper event began with the accumulation of the nummulitic-rich packstone-

grainstone of bank environment and bioclastic packstone-wackestone of shallow-

water environment with open marine influence. This represents frequent sea-level 

changes that have taken place during the deposition of the nummulitic-rich Jdeir 

Formation (Figure 5-55). The lower event is bounded at the top by a drowning 

unconformity where deep-marine dark gray shaley limestone rich with organic 

matter of the Jdeir Formation is deposited on shallow marine dolomitic-limestone of 

Jirani Formation (Figure 5-55). These shaley layers represent the maximum flooding 

surface, which is observed in most of the studied wells. 



203 
 

 
Figure  5-55: Sketched diagram representing the two main sedimentary cycles of the Eocene Farwah 
Group in NW offshore region of Libya. 
 
(B) Ras Al-Hilal Group: 

Stratigraphically, the Cretaceous units are the oldest exposed rocks in northeast 

onshore Libya represented by Al-Hilal and Al-Athrun Formations. The Paleocene 

rocks are missing in most of the measured sections and the Upper Cretaceous Al-

Athrun Formation is unconformably overlain by an overall shallowing upward 

Eocene succession (Figure 5-56). The Eocene succession is made-up fine-grained 

carbonates of outer-ramp to basinal lithofacies of the Apollonia Formation, which 

pass gradually up-ward, and interfinger laterally into the coarse-grained, larger 

benthic foraminifera dominated lithofacies of the Dernah Formation. The Oligocene 

Al-Baydah Formation unconformably caps the Eocene rocks. 

The recognized lithofacies have been grouped according to their vertical 

succession, which mainly reflects the relative sea level fluctuations. Based on this, 

the Eocene succession represents an overall shallowing upward trend which can be 

divided into four main depositional sequences including deepening and shallowing 

upward trends as a result of sea level rise and sea level drop (Figs 5-56-5-57). These 

sequences are preliminarily described from oldest to youngest.  

Eocene Sequence-1 (ES-1)  

The boundary of this sequence is the unconformity between the Late Cretaceous Al-

Athrun and the Early Eocene Apollonia Formations. This sequence starts with the 

relatively deep-water outer-ramp lithofacies of the lowermost part of the Apollonia 

Formation. The glauconitic-rich condensed zone encountered in Al-Athrun Valley 



204 
 

and was described by El-Hawat and Shelmani (1993) as representing the maximum 

flooding surface. This interval is very rich with planktic foraminifera as indicated 

from the thin sections. The shallowing-up event commenced with the chalk 

lithofacies of the Apollonia Formation which is rich with deepwater planktic 

foraminifera. El-Hawat (2004) has reported that sudden relative sea-level drop has 

interrupted this event resulting in a major sequence boundary between the Ypresian 

and Lutetian (Figure 5-56).  

Eocene Sequence-2 (ES-2) 

This sequence represents a shallowing-up event and is composed of a submarine 

mass movement on the slope (the slumped nummulite lithofacies which suggested a 

progradation of the nummulitic-rich lithofacies along the carbonate ramp) which 

suggested a period of decreasing accommodation, also suggested by the existence of 

evaporite intervals.  

Eocene Sequence-3 (ES-3) 

This sequence is characterized by the break-down of the nummulitic-rich 

accumulation where most of the carbonate ramp was covered mostly entirely by 

planktic-rich chalk-limestones which could represent the second flooding event. 

Outcrops near Dernah city show an increasing of the accommodation where patches 

of reef are present, dominated by solitary corals. Massive successive condensed 

boundstone horizons composed of corals, encrusting algae and large discocyclinids 

marked the shallowing-up. During the shallowing-up period along Shahat section 

thick bioclastic accumulations of the nummulitic-rich lithofacies were re-deposited 

associated with dolomitic-limestones of restricted conditions and 

Orbitolitids/Alveolinids lithofacies. 

Eocene Sequence-4 (ES-4) 

This is the youngest sequence of the Eocene carbonate successions in the onshore 

area. It starts with a transgression, which resulted in a period of increase in 

accommodation, which makes it favourable for the deposition of the orbitolitid rich 

lithofacies. This lithofacies retrograded toward the south into the inner ramp settings.  

Along the western section of Dernah the transgression is characterized by 

aggradation of large coral patch reefs, composed of massive and branching corals, 

which suggested that the reef growth rate is equal to accommodation availability. 

The presence of the nummulite tests within the reef build-ups suggest that the 

nummulitids are only laterally confined to the bioherms during transgression. The 
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shallowing-up cycle of this sequence is distinguished by the development of 

nummulitic banks in the middle ramp. These banks have been re-worked to the back-

bank and inner ramp settings. This shallowing-up cycle is capped by the Eocene-

Oligocene unconformity which has been traced along the road cut of west Dernah 

where it coincides with a pedogenetic horizon (Figure 5-20). 

Field-photo panoramas have been created from several selected large-scale 

outcrops in order to illustrate and map the depositional sequences of the Eocene 

successions. In addition, the measured sections along the outcrops and Google aerial 

photographs have also been selected to contribute in visualizing the sequences, and 

trace their continuity. 

The unconformity between the Upper Cretaceous and the Eocene units has 

been identified in just one locality which is the Wadi Al-Athrun section where the 

uppermost part of the Late Cretaceous is exposed and overlain by the lowermost part 

of the Eocene succession of the Apollonia Formation. Large-scale prograding 

clinoforms or sigmoid mudstone lithofacies is mainly distinguished in the 

shallowing-up event of sequence ES1. It is terminated with the sequence boundary 

ES2 that might represent the base of the first nummulitic-rich lithofacies of the 

Dernah Formation. The following deepening-up event of sequence ES3 is mainly 

characterised by an eastward thickening and it is widely observed across the study 

area. A good lateral continuous nummulitic-rich bank characterises the shallowing-

up event of this sequence which is clearly traced in the western area along the Shahat 

section. On the other hand, the cycle is progressively thinning, and dying out toward 

the eastern portion. The cycle consists of the inner-ramp Orbitolitid/Alveolinid 

lithofacies. The orbitolitid lithofacies is composed the deepening cycle of sequence 

ES3 that has accumulated across the study area. The shallowing-up cycle of this 

sequence is mainly dominated by a nummulitic lithofacies and extends widely over 

the area. The Eocene sequence is unconformably overlain by Oligocene rocks. The 

Eocene-Oligocene unconformity is encountered at the upper part of western Dernah 

road-cut (Figure 5-20). 
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Figure  5-56: Sketched diagram showing the shallowing up-ward sequence of the Eocene carbonate 
rocks in NE onshore region of Libya. 
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Figure  5-57: Generalized summary of the sequence stratigraphy of the Eocene exposed units in 
northeast Libya supported with field description and field photographs (Man is 180cm & Hammer is 
30cm). 
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5.4. Summary 
The Eocene carbonate rocks from both the subsurface successions in northwest 

offshore and the outcrop successions in northeast onshore Libya, have shown 

distinctive lithofacies and sedimentological variations based on the lithotypes and 

faunal components. This study is mainly focused on the nummulitic-rich carbonates 

from both localities as they are the most dominant lithofacies in both areas and they 

form very significant hydrocarbon reservoirs in the offshore of Tarabulus Basin.  

In the current study, ten lithofacies have been identified based on intensive 

visual outcrop and detailed petrographic analyses. Two of these lithofacies belong to 

the Lower Eocene Apollonia Formation and the other eight lithofacies are related to 

the Middle and Upper Eocene Dernah Formation. These lithofacies are dominated by 

a diversity of different types of fossils including larger foraminifera and other 

shallow marine fossils. However, the nummulitic-rich lithofacies is the most 

dominant lithofacies in the area. This lithofacies is characterized by excellent lateral 

and vertical continuity. This lithofacies is mostly associated with shallow water 

indicator fossils including coral, red-algae, echinoids, and other types of larger 

benthic foraminifera. These outcrops are characterized by a number of structures and 

sedimentary features including large-scale slump structures, large-scale prograding, 

sigmoidal, trough and draping primary structures. The nummulitid-dominated 

lithofacies is represented as lens-shaped nummulitic bodies forming coarsening 

upward trends. 

In the subsurface of the Tarabulus Basin, visual core and petrographic 

analyses of the Eocene Carbonate rocks have permitted the identification of twelve 

lithofacies. The Bilal Formation is represented by only one lithofacies whereas the 

Jirani Formation was divided into two lithofacies. The Jdeir Formation on the other 

hand was divided into nine lithofacies based on the most diversified larger and 

smaller foraminifera including nummulitids, discocyclinids, orbitolitids, alveolinids, 

and miliolids and the other fossils such as echinoderms, gastropods, bivalves, and 

rare red-algae. These lithofacies have been organized in shifting lithofacies-belts 

from deeper to shallower settings from north to south, respectively.  

Large flattened nummulites (LF) are the most abundant type of nummulite 

tests recognized in the outcrop sections as they vary from 31 % to 47 %. In the 

subsurface wells, the large flattened nummulites are also the most abundant type of 

nummulite tests as they vary from 27 % to 77 %. The richness of the B-form 

nummulite tests, the scattered broken tests, and the dominance of the grainstone and 
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packstone texture in the Eocene nummulitic-rich accumulations are indicative of 

para-autochthonous and allochthonous which resulted from landward or seaward 

transportation or in-situ winnowing. The results of A/B ratio analysis indicate that 

the B-forms are the most dominant in the nummulitic-rich accumulations in northern 

Libya. However, in Al-Marj section, C3 and C7 wells A-Forms are more common 

than the B-Form.   

The Eocene successions in both areas are represented by overall shallowing 

up-ward sequences from fine-gained lithofacies of outer-ramp/basinal conditions to 

coarse-grained nummulitic-rich lithofacies of outer, middle and inner-ramp 

conditions.  
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Chapter 6 : DEPOSITIONAL MODEL 
This chapter presents the depositional environments of the Eocene carbonate 

rocks in northern Libya. It also includes a summary of models that have been 

proposed for the nummulitic deposits in different places as well as their reservoir 

quality. Depositional models have been reconstructed for the Eocene rocks in 

northern Libya based on the identified lithofacies, the benthic foraminifera (their 

morphology and size) and the associated fossils as well as sedimentary structures and 

sedimentological characteristics. 

6.1. Introduction 
Sedimentary models introducing the distribution of the Eocene larger foraminifera 

that were proposed by several researchers including Aigner (1983), Mriheel (1995), 

Wilson (1975) and Flügel (2004) have been viewed and used in order to establish the 

current depositional models of the Eocene carbonate rocks in northern Libya. A 

number of depositional models have been established for the larger foraminifera 

dominated deposits in different places in North Africa Region and northern Libya. 

These models were introduced by Jorry et al. (2003), Mriheel (1995), Aigner (1983), 

Adabi (2008), Romero et al., (2002); and Swei and Tucker (2012);  Zamagni, (2008) 

and Imbarek (2008). The Eocene carbonate rocks in central Tunisia are characterized 

by a variety of larger foraminifera mainly nummulitids which are very similar to the 

Eocene rocks in the Tarabulus Basin. The Eocene nummulitic-rich rocks in Tunisia 

have been studied comprehensively by several researchers (Loucks et al., 1998; 

Beavington-Penney et al., 2005; Beavington-Penney et al., 2008; Slama et al., 2009). 

A wide range of depositional conditions have been assigned to the Eocene rocks in 

this area ranging from inner-middle to outer ramp settings and developed on 

nummulitic-rich banks. A carbonate ramp system has also been proposed for the 

larger foraminifera-rich rocks in Tunisia by Jorry et al. (2003).  

Similarly, the Eocene rocks in the western portion of the Egyptian Desert are 

dominated by larger foraminifera and in particular the nummulitids (Nummulites 

gizehensis) which have been recognized for the first time in Giza City in Egypt (El 

Ghar, 2005; Jorry, 2006). A carbonate ramp model has also been assigned for these 

rocks, which are very similar to the Eocene nummulitic-rich deposits in Cyrenaica 

Basin, northeast onshore Libya. In the subsurface of Sirt Basin in the central part of 

Libya, similar accumulations have been modelled as a carbonate ramp and they form 

excellent hydrocarbon reservoirs (Swei and Tucker, 2012). In many other places 
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including Spain, Iran, Iraq, and Oman similar accumulations have also been 

considered as carbonate ramp accumulations. Recent study by Langer and Hottinger 

(2000) regarding the present-day forms of nummulitids has found one comparable 

living nummulitids which is “Nummulites venosus” living in a water depth ranging 

from 35-40m-to-85m. 

6.2.  Eocene Nummulitic-rich Deposits 
The Tethys Ocean is distinguished and known by the high accumulations of the 

Eocene nummulitic-rich carbonates especially around its margins (Hallett, 2002). 

The nummulitic-rich carbonate deposits in the Tethyan Tertiary were generally 

associated with ramp environments analogous to the coralgal patch reef belt (Racey, 

2001) (Figure 6-1). North Africa and northern Libya form the southern margin of the 

Tethys where huge amounts of Eocene nummulitids were deposited and developed 

producing huge amounts of carbonate rocks which form excellent hydrocarbon 

reservoirs (Swei and Tucker, 2012). The original fabric of the nummulitic-rich 

accumulations can be modified by high-energy currents and storms (winnowing and 

granulometric sorting) (Aigner, 1982 and Aigner, 1985). Moreover, Kundo (1995) 

has described the directions of the palaeo-currents by using the imbrication of 

nummulite tests as an indicator.  

 
Figure  6-1: Tertiary carbonate ramp profile representing the main depositional settings along the ramp 
and the associated faunas (from Racey, 2001). 
 

Racey (2001) has postulated that the nummulitic-rich carbonate deposits can 

originate as a biocoenosis (autochthonous accumulations) or a taphocoenosis (para-

autochthonous to allochthonous accumulations). The biocenoses deposits of 

nummulitid have been considered to be uninterrupted accumulations where 

nummulite tests have not been abraded and are associated with a wide range of fauna 

including red algae, echinoderms, gastropods, and small benthic foraminifers. 
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Blondeau (1974) has suggested that nummulitids could have been attached on leaves 

of the sea grasses. On the other hand, the taphocenoses deposits of carbonate 

nummulitids have probably accumulated as a result of transportation or in-situ 

winnowing. Outcrop investigations have shown cross-bedding, poorly sorted, 

fragmented and reworked material an grain-supported textures in the nummulitic-rich 

lithofacies which support the idea of accumulations as taphocenoses. On the other 

hand, the chaotic pattern of the nummulite tests where there are no clear sedimentary 

structures or preferred orientation supports the idea of accumulations as biocoenoses. 

The depositional models of the nummulitic-rich accumulations include nummulitic 

banks, bars or low-relief banks, shoals and sheets (Eichenseer and Luterbacher, 

1992; Loucks et al., 1998; Racey, 2001; Anketell and Mriheel, 2000; Jorry et al., 

2003b; Vennin et al., 2003; Hasler, 2004; Jorry, 2004).  

Racey (2001) reported that nummulitic-rich deposits display variable 

depositional geometry. They can form flattened nummulitic sheets to strongly 

convex-up geometry. Racey also reported that nummulitic-rich accumulations vary 

in thickness from a few meters to hundreds of meters, and their lateral extent ranges 

from 100s m to several kilometres. Loucks et al. (1998) postulated that nummulitic-

rich deposits formed in moderately low-energy environments between fair-weather 

and storm wave base (Figure 6-2). However, more recent studies of nummulitic-rich 

accumulations show that reworking of Nummulites occur in high-energy 

environments such as shoals, fore-reef-channels and storm deposits (Racey, 2001; 

Jorry, 2004).  

The nummulite test’s shape and size, the associated biota, matrix, and the 

sedimentary structures are the main characteristics to distinguish shallow and deep 

water settings (Loucks et al., 1998; Racey et al., 2001; Jorry, 2004). The nummulitic 

B-forms are predominant in the high-energy settings, whereas the A-forms in 

association with larger discocyclina are dominant in deeper-water, lower energy 

settings.  

Table (6-1) and Figure (6-2) summarize the proposed models of the 

nummulitic-rich accumulations and show the different configurations and 

morphologies of nummulitic-rich sediments. 
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Table  6-1: Summarizing the previously proposed depositional models of the Eocene nummulitic-rich 
carbonates in different localities. 
Nummulite 

Body 
Description References 

Nummulite 
Banks 

 
A convex-up structure. This type of the morphologies 
is mainly found in the middle ramp settings separating 
the back-bank from the fore-bank environments. The 
nummulite banks have been described in nummulitic-
rich accumulations in Egypt, Central Tunisia and in 
Libya. Racey (2001) proposed two main processes that 
involved in the formation of the nummulitic-rich 
banks which are: (1) Biological processes that are 
essentially involving the re-production strategies and 
bioturbation, and (2) Physical process which are 
mainly reworking process including (winnowing and 
imbrication). Racey also highlighted, that the physical 
processes are principally considered as the main 
mechanism in forming the nummulitic banks 
especially when sedimentary structures are present 
which indicate high-energy currents. 
 

(Nemkov, 1962), 
(Aigner, 1983), 

(Moody et al., 1987), 
(Mriheel, 2000) and 

(Racey, 2001). 

Nummulite 
Sheets 

 
This nummulite bodies are characterized by a low 
relief configuration. Such bodies were found in a 
gently dipping homoclinal carbonate ramp. The 
sediments in such bodies are mainly controlled by the 
winnowing of matrix material and the small size of 
Nummulites (A-form) which normally result in tests 
size sorting and imbrication of nummulite tests 
indicating parauthoctonous to allochthonous deposits. 
 

(Moody et al., 2001), 
(Hasler, 2004), 

(Racey, 2001), and 
(Aigner, 1982). 

Nummulite 
Shoals 

 
The nummulitids are deposited in a proximal upper 
ramp setting, then reworked, transported by currents, 
and redeposited in deeper-waters. 
 

(Racey et al., 2001) 

Nummulite 
Bars 

 
Such nummulite bodies are formed in a shallow 
environment particularly at the front of coralgal reef in 
a carbonate ramp. The nummulite bars model has been 
introduced to describe nummulite accumulations in 
Spain and Central Tunisia where high-energy 
hydrodynamic structures including large-scale cross-
bedding have been observed 
 

(Eichenseer and 
Luterbacher, 1992) 

and (Jorry et al., 
2003) 
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Figure  6-2: Different palaeoenvironment models of the nummulitic-rich accumulations (After Jorry, 
2004). 
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6.3. Review of carbonate ramp systems 

Wright and Burchette (1998) have reported that most of the carbonate successions in 

different localities accumulated in a ramp or ramp-like settings. The carbonate ramp 

depositional systems was proposed and introduced initially by Ahr (1973) as a 

contrast to steep-sloped and reef-rimmed shelves. Read (1982) and Read (1985) 

identified carbonate ramps as a gently sloping surface on which a high-energy facies 

of a wave-dominated near-shore zone gradually passes into deeper water where the 

low-energy conditions dominate. Broadly, carbonate ramps have been known by two 

types, the “homoclinal ramp” and the “distally steepened ramp” (Read, 1982; Read, 

1985). Furthermore, ramps have been subdivided into inner-middle-to-outer-ramp 

settings. Homoclinal ramps are distinguished by a very low slope gradient from the 

shoreline into deeper water. On the other hand, the distally steepened ramps are 

characterized by an offshore break between the shallow ramp and an adjacent basin 

with no slope present.  

Carbonate ramps are found in most tectonic regimes, nevertheless, the most 

favourable tectonic regimes are the cratonic basins, passive continental, and foreland 

basins (Read, 1982). Most of the carbonate ramps are mainly represented by a low-

angle slope, which means high fluctuations of the sea-level creating a shifting of 

facies and lithofacies belts along the ramp which is the case for the Eocene carbonate 

system in northern Libya. The slope-gradient of most of the carbonate ramp systems 

is documented to be about 1° or less with no slope break recognized (Read, 1982; 

Read, 1985). Researchers including Markello and Read (1981); Aigner (1984); 

Calvet and Tucker (1988); Buxton and Pedley (1989); Somerville and Strogen (1992) 

have used and considered the Fair Weather Wave Base (FWWB) and the Storm 

Wave Base (SWB), to subdivide the ramp depositional systems into the three typical 

parts of inner-ramp, middle-ramp, and outer-ramp settings (Figure 6-3).  

The organizations of the lithofacies belts along the carbonate ramps 

commonly indicate a hydrodynamic energy decrease with a deepening of water level 

toward the offshore areas. The three ramp settings (inner, middle and outer ramps) 

are characterized by several sedimentological characteristics, representing 

sedimentary structures, and faunal contents as well as the FWW and SW bases. The 

following represents a brief summary of the carbonate ramp subdivisions adopted by 

Burchette and Wright (1992), Tucker and Wright (1990) and Einsele (1992) : 
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Inner ramp: This part of the carbonate ramp is the area landward of FWWB (Figure 

6-3). This part of the ramp is mainly impacted by wave action (Burchette and Wright 

1992). The depositional settings and the configurations of this part of the ramp is 

distinguished by shoals, barriers, shoreface deposits, and peri-tidal areas. Inner ramp 

settings contain a wide range of deposits and are mainly represented by bioclastic 

and oolitic shoals, build-ups, back-bank sediments, evaporites, mudstone, 

wackestone, packstone. These lithologies are normally associated with restricted 

environments and fossil types.   

Mid-ramp: Middle carbonate ramp settings are delimited by the FWWB and the 

SWB where sediments deposited under control of the fair-weather and being 

influenced and re-worked by storms. The water depths in the middle ramp setting 

ranges from few tens of meters and 100 to 200 m (Burchette and Wright 1992). 

Sedimentary structures that distinguish the middle ramp are cross-bedding, graded 

bedding; climbing ripple lamination as well as fabrics resulted from winnowing 

(Flügel, 2004) and Aigner, 1985). These structures formed during storm events. 

However, fair weather times are characterized by bioturbated accumulations and 

deposition of mud-supported fabrics. 

Outer ramp: This part of the ramp is below the normal storm wave base (SWB) up 

to basinal plain (Burchette and Wright 1992). The water depth in this part of the 

ramp ranges from few meters to hundreds of meters. It is characterized by the 

presence of mud and well-bedded fine-grained limestones (Flügel, 2004).  
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Figure  6-3: Carbonate ramp model showing the main environment conditions (re-drawn and modified after (Burchette and Wright, 1992). The core and outcrop photographs 
of the nummulitic rich carbonates are from the current study (Hammer is 30cm & Australian 50 € is 3.15cm). 
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6.4. Eocene Carbonate Ramp Systems in Northern Libya 
In the current study, several lithofacies have been identified and classified from the 

Eocene carbonate rocks in Tarabulus and Cyrenaica Basins based on their bioclastic 

components and foraminiferal assemblages as described in chapter five. According to 

the classification and the stratigraphic position of the lithofacies, depositional models 

have been reconstructed. These lithofacies form a facies belt along the shoreline that 

shifts from north to south based on their sedimentological and faunal components. 

They were interpreted as having accumulated on a carbonate ramp (Outer, middle 

and inner ramp) and represent bank, fore-bank, back-bank, lagoonal, and basinal 

conditions.  

6.4.1. Model of the Eocene carbonates, NE onshore 
Based on the field observations and the recognized lithofacies of the Eocene 

carbonate rocks in the onshore area, the Eocene carbonate rocks outcropping in 

northeastern Libya, have been interpreted as deposited along a larger foraminifera-

dominated carbonate ramp system (LFDCRS) gently dipping toward the north (Figs 

6-4, 6-5). These Eocene successions are made-up of two formations. These 

formations are made-up of fine-grained mudstone, chalk lithofacies and coarse-

grained nummulitic-rich lithofacies of the Apollonia and Dernah Formations, 

respectively (Figs 6-4, 6-6). The following section introduces both formations in 

terms of the depositional environments in which they have been deposited and the 

supporting characteristics assigned to each depositional environment. The 

stratigraphic position of the recognized lithofacies represents an overall upward-

shallowing succession (Figure 6-6). This figure represents the evolution of the 

depositional environments from the upper Cretaceous (basinal settings) (1) followed 

by Early Eocene outer-ramp to basinal settings (2) and the Late Eocene middle-inner 

ramp to lagoonal settings (3).    

The mudstone and chalk lithofacies of Apollonia Formation are characterised 

by well developed bedding, diversity of chert nodules, glauconitic grains, richness of 

planktic foraminifera with less number of nummulite tests (small and large flattened 

nummulite tests), and the occurrence of slumped units. These characteristics provide 

reliable evidence of relatively deep-water outer-ramp or upper-slope conditions for 

the mudstone and chalk lithofacies. The presence of glauconitic grains and the 

increase in micrite and planktic foraminifera suggest deposition below the fair-

weather wave-base (Bassi et al., 2013). Moreover, bivalves that are slightly silicified 

and half-filled with lime-mud inside were observed in some places within the 
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Apollonia Formation, which might be buried in their growth position in a deep quiet 

environment. However, at some intervals of the succession, inclined features or 

cross-bedding structures were observed which might suggest occasional storm 

activity.   

The Apollonia Formation is unconformably overlain the Upper Cretaceous 

Al-Athrun Formation and gradually grades upward into the shallower carbonate 

ramp settings where the Eocene Dernah Formation was deposited and developed 

(Figure 6-6). This formation differs from the previous formation by the reduced 

occurrence of chert where the chert nodules are significantly absent except in the 

lowermost parts. The slope-to-basin conditions gradually pass into shallower 

conditions as the upper most part of the Apollonia Formation and the lowermost part 

of Dernah Formation are characterized by similar sedimentological content 

especially the presence of chert in both portions as well as scattered nummulitids that 

are present in the uppermost portion of the Apollonia Formation. Based on the 

lithofacies analyses in the previous chapter, the Dernah Formation contains a wide 

range of lithofacies dominated by diversity of larger foraminifera associated with 

other fossils. These lithofacies have been assigned to different settings along the 

carbonate ramp including inner, middle, and outer-ramps based on the morphology 

(shape and size) and the depth of the larger foraminifera present in each lithofacies as 

well as the associated faunal contents and the sedimentary structures.  

The reconstructed depositional model in Figure 6-5 shows the distribution of 

these lithofacies along the ramp. The gastropods packstone-grainstone lithofacies 

(DR-LF1) is dominated by well-preserved gastropods. In addition, they contain 

lenses of finely crystalline dolomite and preserved but poorly sorted orbitolitids and 

nummulitids that indicate a deposition in shallow water, relatively moderate energy 

environments of inner ramp to mid-ramp (Back-bank) settings, landward of FWWB. 

Wilson (1995) reported that large gastropod and bivalve fauna indicative of a 

restricted environment (Wilson, 1995). The nummulitid wackestone to floatstone 

lithofacies (DR-LF2) is mainly dominated by large benthic foraminifera especially 

nummulitids. The processes of deposition and accumulation of the nummulitids is 

known to be found in shallow marine settings especially above the structural high 

between the FWWB and the SWB, where they form nummulitic-banks which have 

been observed as the most favourable places for the nummulitids to develop 

(Briguglio, 2009 and Racey 2001). This lithofacies is mainly characterised by the 
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random orientation of the nummulite tests, the high degree of winnowing, reworking 

and sorting of the nummulite tests, absence of the sedimentary structures except for 

the cross-bedding of the nummulite tests and some of the larger foraminifera 

(Appendix 15). The high-energy sedimentary structures in nummulitic-rich deposits 

are not well preserved. However most of the proposed depositional models have 

considered the nummulitic-rich accumulations to be found between the fair-weather 

and the storm wave base (Moody et al., 2001). It has been reported by Racey (2001) 

that nummulitic-rich accumulations are controlled by reworking processes. The 

primary high-energy structures of the nummulitic-rich accumulations are destroyed 

by bioturbation. Such characteristics suggest dominant low-energy settings being 

reworked by higher-energy currents. These types of settings typically characterize 

the nummulitic-carbonate-banks in the middle parts of the carbonate ramp, which 

fluctuated between fore-bank, bank, and back-bank. In Tunisia, an outcrop study of 

the Al-Gariah Formation by Beavington-Penney et al. (2005) has documented that 

Nummulites on palaeohighs were transported into surrounding deeper water where 

currents swept the top of the platform, producing nummulitic-rich and 

nummulithoclastic debris sediment that thickened and became increasingly fine-

grained and fragmented into the outer-ramp. 

The discocyclinids packstone-grainstone lithofacies (DR-LF3) is dominated 

by large flattened and elongated discocyclinid, the abundance of algae, nummulitids 

(small flattened A-Form), and echinoids, the presence of cross bedding, and the 

absence of chert. This lithofacies can be interpreted as being deposited in an outer to 

middle ramp setting below the normal storm wave base (SWB). The fossils have 

been interpreted as indicators of shallow-water environments of outer-to-middle 

ramp (fore-bank) settings (Racey 2001) (Figure 5-23). Racey (1995) has interpreted 

the  large, elongate Discocyclina of the Eocene Seeb Formation in Oman as 

relatively deep water (50-80 m) on outer-ramp settings.  

The red-algal packstone-grainstone lithofacies (DR-LF4) is mainly 

characterised by red algae in association with variable proportions of orbitolitids, 

which were found trapped into the encrusting algal-mats. Moreover, nummulitids, 

corals and echinoids are found with the orbitolitids, and other benthic foraminifera. 

The orbitolitids and algae seem to be more common to the west but nummulitids 

replace orbitolitids to the east evidencing the lithofacies belt lateral shifting.  
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The nummulitid tests in this lithofacies have no preferred orientation pattern 

suggesting low energy conditions. The lateral changes over short distances from 

algal to nummulitic-orbitolites and back to algal are very common in this lithofacies. 

This suggests that algal masses were growing in shallow zones with the inter-algal 

areas being filled with nummulitid and orbitolitid debris. Hence, this lithofacies has 

probably been developed and accumulated in shallow marine inner to middle ramp 

settings, between the FWWB and the SWB. Similar accumulations in the western 

part of the Egyptian desert have been interpreted to be deposited in back-bank 

conditions within inner-to-middle ramp settings (Scheibner and Speijer, 2008). Jorry 

(2003) has interpreted the red-algae-rich lithofacies as being deposited in a protected 

lagoonal to inner-ramp and might extend into middle ramp settings. This lithofacies 

is associated with significant thick red algae crusts and which represent shallow 

water environments of about 30 meters or less of water depth.  

In the dolomitized-algal-nummulitic lithofacies (DR-LF5) the bedding style 

as well as the presence of the discocyclinids, algae, Nummulites, and the absence of 

any type of silica, this lithofacies was deposited in a shallow marine, inner-ramp to 

restricted lagoonal environment, landward of the FWWB. Hammuda (1973) has 

interpreted dolomite beds in the eastern parts of Dernah area as a restricted low 

energy facies formed in intertidal settings which is in line with the interpretation of 

the current PhD study as well as the interpretation in the MSc project (Imbarek, 

2008).  

The coral grainstone-boundstone lithofacies (DR-LF6) significantly contains 

fragmented and randomly oriented corals, which imply low-energy settings. 

However, highly ornamented, delicate coral growths are present whereas the 

branches and the corals build-ups are well-preserved, buried in their growth position. 

These types of corals are associated with nummulitids, gastropods, and algae and 

have probably been deposited in slightly deeper and quieter water in outer-ramp 

settings, between the FWWB and the SWB. Corals in the Cluj Limestone Formation 

in Romania were described as middle/outer ramp to slope coral patch-reef facies by 

Kovács and Arnaud-Vanneau (2004). Corals in the Eocene carbonate rocks in NE 

Libya have been placed in middle ramp settings by Imbarek (2008) which is broadly 

in line with the current interpretation.  

The orbitolitids grainstone-packstone lithofacies (DR-LF7) includes larger 

foraminifer orbitolitids, which are arranged in cross-bedded units that are evidence of 
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shallow inner-ramp settings, landward of FWWB. This is in complete contrast with 

the interpretation given to this lithofacies in the MSc. project (Imbarek, 2008) as 

being deposited in outer-ramp settings. Adabi et al. (2008) has interpreted the Eocene 

larger foraminifera orbitolites, alveolina and small foraminifera miliolids in Zagros 

Basin, SW Iran as living in the lagoon environment. Bebout and Pendexter (1975) 

interpreted the miliolid-rich facies associated with orbitolites in Zelten oilfield in Sirt 

Basin as forming in shallow shoal or lagoon settings.  

The upper portion of the Dernah Formation is represented by the Echinoid-

nummulitid wackestone lithofacies (DR-LF8). This lithofacies is located right 

underneath the Oligocene-Eocene unconformity surface and is composed of 

abundant poorly preserved moulds of echinoids and molluscs, especially gastropods, 

that suggest an inner ramp environment, landward of the FWWB, which supports the 

interpretation considered by Imbarek (2008). Keheila and El-Ayyat (1990) placed the 

occurrence of echinoderms associated with Nummulites in the Lower Eocene 

carbonate succession in the Eastern Desert of Egypt in intertidal, inner-platform 

settings. 

The Eocene succession is unconformably capped by the Oligocene rocks, 

which are mainly made-up of red-algal, and orbitolitid rich limestones associated 

with a huge amount of algal pellets and balls, which is very similar to the uppermost 

part of the Dernah Formation. That means, after the sea level has dropped at the end 

of the Eocene, the area was subaerially exposed and then the sea has advanced again 

and covered the area and similar conditions of the uppermost Dernah Formation are 

suggested where reworked Eocene fossil fragments are present into the lowermost 

portion of the Oligocene rocks.  

 Based on the lithofacies analysis and the reconstructed depositional model of 

the exposed Eocene carbonate rocks, the northeastern onshore region records 

advance of the Early Eocene Sea toward the south during the Cenozoic (Figs 6-5 and 

6-6).  This was evidenced by the southward gradation of the fine-grained, deep 

water, chert rich limestone of the Apollonia Formation to the coarse-grained, very 

fossiliferous shallow water limestones of the Dernah Formation, which in turn 

graded into evaporitic carbonates and near shore deposits around the marginal limits 

of the Early Eocene Sea. During the Early-Middle Eocene, most of the northeast 

onshore region was covered by the nummulitic-rich lithofacies of the Dernah 

Formation. However, developments of the coral-algal rich facies were mostly 
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restricted to the Dernah area. This suggests a water-depth of about 50 meters. 

Channel networks have been observed in the field area, which probably connected 

the lagoonal areas to the main body of water (open marine). This probably has kept 

the water circulation and flow into and out of the lagoons. These channels were 

observed near Susah, Ras Al-Hilal, and Dernah cities (Figure 5-38). These channels 

are incised and eroded into the nummulite beds and into the Apollonia Formation in 

some cases. 

The reconstructed depositional model shows the lateral distribution of the 

recognized lithofacies relative to the depositional environments they represent 

(Figure 6-5). This depositional model represents a gently northward dipping 

carbonate ramp where the nummulitic-rich facies dominated the middle ramp. 

However, nummulitids were observed in the other ramp parts associated with the 

other facies as a result of transportation and reworking processes by marine currents. 

The presence of coralgal bioherms in this carbonate ramp influenced and controlled 

the lithofacies distribution. The coralgal bioherms have separated the lagoonal 

settings from the open marine conditions resulting in forming a lithofacies belt in the 

front of the reef build-ups.  
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Figure  6-4: Ras Al-Hilal area (looking south). The coastal plain consists principally of Upper Cretaceous Al-Athrun Formations covered by Pleistocene sediments. The main 
escarpment consists of Eocene Apollonia Formation (outer-ramp to basinal) which is capped by Dernah formation (Outer, middle and inner ramp settings). Dernah Formation 
at this locality is made-up of very nummulitic-rich carbonates with high porosity which have made these outcrops very good outcrop analogues. (A) Field Photos panorama 
showing the main exposed formations, (B) The main three formation traced on the photo, (C) a cross section drawn from the photo showing the depositional settings of the 
Eocene rocks (the section log is modified from Imbarek, 2008). 
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Figure  6-5: Generalized diagram representing the proposed depositional model of the Eocene carbonates in northeast onshore Libya. The model is showing the lithofacies 
distribution along the carbonate ramp (developed after Imbarek, 2008). 
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Figure  6-6: Schematic sequence of diagrams representing the evolution of the depositional environments from the upper Cretaceous (basinal settings) (1) followed by Early 
Eocene outer-ramp to basinal settings (2) and the Late Eocene middle-inner ramp to lagoonal settings (3).   
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6.4.2. Model of the Eocene carbonates, NW offshore 

Based on the core lithofacies analysis, the Eocene carbonate rocks of the Farwah 

Group in the subsurface of the Tarabulus Basin have been deposited in a similar 

environment to the Eocene rocks of Al-Hilal Group in the onshore of Cyrenaica 

Basin and represent a larger foraminifera-dominated carbonate ramp system 

(LFDCRS) which is also gently dipping toward the north. Twelve lithofacies have 

been recognized along the ramp from deeper to shallower settings from north to 

south respectively and extended in an east-to-west trend (Figs 6-7). This figure 

illustrates the proposed model for the Eocene rocks in the offshore based on the 

recognized lithofacies and their components. The stratigraphic position of the 

recognized lithofacies represents an overall upward-shallowing succession (Figure 6-

8). This figure represents the evolution of the depositional environments from the 

Early Eocene open shallow ramp to lagoonal settings (1) followed by Early Eocene 

inner-ramp to lagoonal settings (2) and the Late Eocene inner-middle ramp to 

lagoonal settings (3).    

The mudstone-wackestone lithofacies (B-LF) of the Bilal Formation is 

represented by well-laminated, fine-grained lithologies, glauconitic grains, small size 

echinoderms, mollusca fragments, planktic foraminifera and small benthic 

foraminifera. Based on such characteristics, this lithofacies can be positioned in 

outer-ramp to open-lagoon that is slightly restricted southward and becomes more 

open northward with the influence of deep marine conditions as indicated by the 

presence of planktic foraminifera mainly at D2 and B2-NC-41 wells, which are 

located in the northern part of the block. Generally, Bilal lithofacies becomes less 

restricted with marine conditions in the central and the northern parts where 

wackestones and packstones with abundant skeletal fragments and small foraminifera 

are common. In the Middle Eocene succession of Egypt, similar mudstones and 

wackestones facies interbedded with thin marls has been interpreted by Aigner 

(1982, 1983) as lagoon facies. However, Bassi et al., (2013) have reported that the 

presence of glauconitic grains and planktic foraminifera suggest deposition below the 

fair-weather wave-base. 

The dolomite-anhydrite lithofacies (J-LF1) of the Jirani Formation is 

dominated by dolomite, anhydrite and contains algae, miliolid, alveolinid, mollusca, 

and echinoderm fragments. Based on that, this lithofacies has been interpreted as to 
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be formed in a restricted shallow inner-ramp setting, landward of FWWB. Similar 

dolomite-anhydrite facies of the Facha and Hon members in the Sirt Basin are 

interpreted to be deposited in a shallow, restricted hypersaline lagoonal to inner ramp 

settings (Amiri‐Garroussi, 1988).  

The dolomitic-limestone lithofacies (J-LF2) of the Jirani Formation is 

dominated by fine-grained dolomitized wackestone/mudstone with beds of 

wackestone and dolomicrite and includes nummulitids with few miliolids, algae and 

bivalve fragments that would suggest restricted lagoonal to inner ramp settings 

landward of the FWWB. Rahmani (2010) has documented that the presence of 

miliolid foraminifera correspond to inner shelf to middle shelf depositional settings 

in water depths 6-10mwith low energy conditions. 

Different lithofacies have been recognized within the Eocene larger 

foraminifera rich carbonate rocks of the Jdeir Formation. These lithofacies have been 

distributed in the three main ramp settings including the inner, middle, and outer 

ramps. Each part of the ramp is dominated by a particular type of lithofacies (Figure 

6-7, 6-8 and 6-9). The large nummulitids floatstone Lithofacies (JD-LF1) is 

characterised by large flattened nummulitids stacked on top of another, the good 

sorting and unidirectional orientation of the nummulite tests as well as the cross-

bedding-like structures. This suggests energetically high conditions for the 

development of nummulitic-banks in middle ramp settings in shallow-water 

environments between the FWWB and the SWB. In Tunisia, large Nummulites with 

grain-supported texture of nummulitic-rich lithofacies of the Al-Garia Formation was 

interpreted to be deposited in a moderate to high energy bank settings (Jorry, 2003). 

Racey (2001) documented that large Nummulites occupy a wide range of open 

marine environments on the both ramp and shelf.  

Large well-sorted nummulitid rudstone-floatstone lithofacies (JD-LF2) 

dominated by well-sorted, large flattened nummulite tests, grain-supported fabric, 

imbricated nummulite tests and oblique lamination suggests that this lithofacies is 

developed in the middle ramp and might extend into the inner ramp between the 

FWWB and the SWB. Similar lithofacies of well-sorted large Nummulites in Al-

Garia Formation in central Tunisia was interpreted by Jorry et al. (2003) to have been 

deposited in middle ramp settings.  

The small well-sorted nummulitids-dominated grainstone lithofacies (JD-

LF3) is dominated by small well-sorted nummulite tests and small scale ripple-like 
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structures of the nummulite tests which can be related to the waves and currents that 

have removed the other fine components from the more agitated top of the structures 

[alloctonous accumulation of (Aigner, 1985)]. Beavington-Penney and Racey (2004) 

have located the smaller, robust Nummulites forms in shallow water depths, which 

support shallow middle ramp settings for this lithofacies. This lithofacies was 

deposited in the deeper water of the flanks of the nummulitic banks near to the fair-

weather wave base. 

The poorly-sorted nummulitids packstone-grainstone lithofacies (JD-LF4) is 

represented by poorly-sorted and randomly oriented large and small nummulitids, the 

presence of the nummulithoclastic matrix and the lack of true current-related 

structures. These suggested that such accumulation could be close to the in-situ 

biocenosis, which have not been highly influenced by winnowing. Such nummulitic-

rich accumulations were described by Aigner (1985) as parauthoctonous 

accumulations. It also contains echinoderms and molluscs. All this suggest that this 

lithofacies was deposited in the external and the shallower parts of the middle ramp 

(Back bank), between the FWWB and the SWB. 

The orbitolitids-miliolid wackestone-packstone lithofacies (JD-LF5) is 

dominated by larger foraminifera (orbitolitids) and smaller foraminifera (miliolids), 

nummulitic tests, and alveolinids. The larger foraminifera orbitolitids are found in 

the inner part of the carbonate ramp where water depth does not exceed 50m (Rasser 

et al., 2005, Babazadeh, 2010; Hottinger, 1983). Rahmani (2010) has interpreted the 

abundance of miliolid foraminifera as thriving in inner shelf to middle shelf settings 

with low energy in water depths 6-10m and below the wave base. Thus, this 

lithofacies was deposited in shallow inner-ramp conditions near to above the fair-

weather wave base.  

The alveolinid wackestone lithofacies (JD-LF6) is rich with alveolinids and 

orbitolitids. Langer and Hottinger (2000) have reported that living or fossil 

alveolinids occurred in different shallow marine settings in water depths less than 

35m. Beavington-Penney et al. (2004) have interpreted alveolinids facies associated 

with nummulities in Oman as being deposited in protected inner-ramp settings. 

Similar alveolinids facies in Greece have been described by Accordi et al. (1998) as 

being deposited between the inner-ramp to middle-ramp settings. A lagoonal 

environment was assigned to alveolinids, nummulitids, and orbitolitids rich facies by 

Özgen-Erdem et al. (2005). Alveolina-rich facies in Spain are interpreted by 
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Scheibner et al. (2008) as thriving in inner-platform which is similarly considered for 

the same facies in France by Rasser et al. (2005). The presence of alveolinids 

indicates deposition in a shallow quiet water of the inner to middle ramp, between 

the FWWB and the SWB (Hottinger, 1983, Rasser et al., 2005 and Babazadeh, 

2010), especially as this lithofacies is associated with nummulitids which developed 

in mid-to-inner ramp settings.  

The discocyclinids packstone-grainstone lithofacies (JD-LF7) includes large 

and small sizes of elongated and flattened discocyclinids with a low number of 

nummulitids, echinoderms, alveolinids, miliolids, and orbitolitids, which suggest an 

outer ramp setting below the normal storm wave base (SWB). Moreover, the 

discocyclinid foraminifera have been placed by Flügel (2004) in the outer portion of 

the ramp and at the uppermost part of the slope. Previously, Gilham and Bristow 

(1998) have interpreted discocyclina-rich facies as being found in the deeper, outer-

ramp. Beavington-Penney et al., (2005) have postulated that elongate discocyclina 

suggests deposition in the photic zone, but below FWWB. 

The gastropods wackestone-packstone lithofacies (JD-LF8) containsechinoid 

grains which are indicative of open marine conditions. However, the abundant 

existence of gastropod, bivalves and miliolids, suggest conditions may have become 

restricted at times (Wilson, 1995). Bivalve-rich (mainly gastropods) facies with 

foraminifera and ostracods of the Harshah Formation in offshore Libya has been 

interpreted as a shelf lagoon environment by Sbeta (1991). This suggests lagoonal to 

inner-ramp environment, landward of FWWB for this lithofacies.  

The Molluscan rudstone lithofacies (JD-LF9) is mainly dominated by large 

fragments of the molluscs that accumulated in the shallowest environment at the 

inshore edge of the nummulitic banks in the middle ramp settings. Coquinas however 

are normally of storm conditions and are most likely found in the inner ramp and 

occasionally in the middle ramp between the FWWB and the SWB. Similar 

Molluscan nummulitic packstone lithofacies of the middle Eocene Minia and 

Samalut Formations in Western Egypt has been interpreted by Wahab and Khalifa 

(1984) as being deposited in a back bank settings.    
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Figure  6-7: Generalized diagram representing the proposed depositional model of the Eocene carbonates in northwest offshore Libya. The model is showing the 
lithofacies distribution along the carbonate ramp supported by core photographs (developed after Imbarek, 2008). 



 232

 

Figure  6-8: Schematic sequence of diagrams representing the evolution of the depositional environments from the Early Eocene open shallow ramp to lagoonal 
settings (1) followed by Early Eocene inner-ramp to lagoonal settings (2) and the Late Eocene inner-middle ramp to lagoonal settings (3).    
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6.4.3. Development and Distribution of the Nummulitic Banks 

Generally, It has been has documented that nummulitic-rich banks have usually 

developed on top of structural highs, especially in Tunisia and Libya, but this can be 

generalized to the Tethys (Aigner, 1983). As nummulites are organisms that live in 

the photic zone, we could consider that an important tectonic phase during the 

Paleocene to the Eocene has permitted the formation of structural highs in many 

domains in the Tethys. Nummulites and other larger benthic foraminifera have 

probably taken the opportunity to colonize the tops of these highs, where water 

energy, lights and nutrients were optimal locations in terms of biological productivity 

and for the calcification of large tests. It also can be considered that the availability 

of nutrients was increased by the presence of upwelling, which developed along the 

flanks of submarine structural highs. Accumulation of the nummulitic-rich deposits 

over topographic highs implies a relationship between nummulite accumulation and 

water depth which may have ranged from wave-base to low tidal level, possibly with 

a maximum depth of about 30m (Aigner, 1983, Fournie, 1975).  

The nummulitic banks in the subsurface have been studied in detail because 

they form the principle hydrocarbon reservoirs in the Tarabulus Basin. Three stages 

have been hypothesized explaining the development of these Eocene nummulitic-rich 

carbonate banks. These stages have been illustrated in a schematic diagram showing 

the development stages from north to south (Figure 6-8 and 6-9). These stages are 

explained in the following:  

STAGE-1: the accumulation of the nummulitic-banks started with the lower 

nummulitic bank, which was deposited and formed over the pre-existing structural-

highs which was the major factor in the development of nummulite banks. This unit 

was probably very limited in terms of the limited lateral distribution. At this stage, a 

restricted shallow ramp lithofacies dominated the southern portion whereas an open 

marine lithofacies dominated in the northern portion. 

STAGE-2: This stage is characterized by extensive relative sea level rise that 

has resulted in a reduction of the nummulitic bank lithofacies associated with 

development of the micritic limestone lithofacies in the open marine conditions. 

STAGE-3: This was probably the last stage of bank development, which is 

dominated by progradation that has resulted in maximum areal expansion of the 

nummulitic-rich bank lithofacies. This development was greater toward the south 

than the north.  
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Figure  6-9:  A sketched diagram showing the development of the nummulitic-rich banks (lower and 
upper banks) in the Tarabulus Basin. Started with the sedimentation of the lowermost nummulitic bank 
on the top of the structure whereas the restricted lithofacies prevailed to the south and the open marine 
facies deposited to the north.  By the end of the deposition of the lowermost nummulitic bank the whole 
area was covered by micritic facies of open marine which followed by the development of the upper 
nummulitic bank. 
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6.4.4. Eocene Paleogeography in northern Libya 

Based on the Eocene paleo-magnetic poles (Strangway, 1970) the Dernah area was 

probably closer to the equator than it is today by approximately five latitudinal 

degrees. Hammuda (1973) has postulated based on the distribution of most observed 

planktic forams, that there was a warming trend during the Eocene. Such conditions 

probably resulted in a widespread occurrence of warm water faunas along the middle 

and high latitudes. Developments of shallow tropica1 and subtropical reefs are not 

known in the Eocene of Libya except for the coral-algal patch reefs associated with 

large nummulitids of the Dernah area. However, the Paleocene rocks in Libya 

contain 300 meter-thick pinnacle reefs which are located today in the Sirt Basin 

between 29° and 30°N latitude (Gumati et al. 1996; Terry and Williams, 1969; 

Hallett, 2002).Assuming that these were tropia1 or subtropical, the Paleocene equator 

would be about 0o to 20o south of the reef area (10o to 30°N of the present equator 

location). On this basis, the, Dernah area, which is located today at 32°N was at 2° to 

22°N in Paleocene time and about 5° to 25°N of the equator in Eocene time, 

assuming that the Dernah area migrated, due to continental drift, about 3o to the north 

of its Paleocene position during this period.  

 Discocyclinids that were observed in the study area are reported from marine 

tropical or subtropical waters. They are always associated with large benthic 

foraminifers and algae. Nummulitids are associated with Orbitolitids in many cases 

and they seem to be indicative of warm water. The temperature range for both is 

between l6oC and 35°C, with optimum development between 25° and 30°C. The 

depth range is between low tide level and 100 meters with best development in 

shallower waters. However, Nummulites may have tolerated deeper water than 

orbitolitids, especially those having thin and dense shells (Hammuda 1973). Many of 

the organisms present in the Eocene carbonate rocks in northern Libya were adapted 

to soft substrates including infaunal burrowers, molluscs, echinoids, larger benthic 

foraminifera and coralline algal rhodoliths. The presence of large nummulites maybe 

related to the morphological adaptations to light. Noticeably, the Eocene sections in 

the study area represent a change in the type, abundances, and the morphologies of 

the larger foraminifera and the associated fossils along the sections in order to adapt 

to the water depth and light intensity. In the Eocene rocks, organisms that appear to 

be most tolerant to turbidity are larger benthic foraminifera with flattened 

morphologies including nummulitids, discocyclinids, orbitolitids, alveolinids, algae, 
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and solitary corals as they have changed their morphologies and their size to protect 

themselves.  

The study area of northern Libya was a wide continental shelf subjected to 

frequent sea level fluctuations during the Early Eocene. The frequent change of the 

Eocene sea level might be related to the tectonic activity during the Eocene. The 

Eocene shoreline had a NW-SE orientation characterized by the progradation of deep 

fine-grained muddy-dominated carbonates of slope-to-basinal settings to the north in 

the mid-Eocene. The Late Eocene is characterized by coarse-grained, shallow-water 

ramp and lagoonal accumulations of the nummulitids and evaporites lithofacies in 

the south. These shallow carbonates then inter-fingered with the deep water 

carbonates and prograded toward the north. The Eocene carbonate rocks are exposed 

in the onshore of northeastern Libya and in central Tunisia. However, in central 

Libya and the offshore of northwestern Libya these rocks were encountered in the 

subsurface (Figure 3-11). 

Most of the lithofacies of the Jdeir Formation have been interpreted to 

accumulate in shallow open marine, fore-bank, bank and back-bank (lagoonal) 

environments. The nummulitic-rich banks have little associated micro-fauna 

including planktic forms, suggesting that deposition took place in nutrient-poor 

(oligotrophic) and low productivity environments characterized by clear, shallow and 

warm (16oC and 35°C) waters. The transportation of the Eocene sediments with their 

fossil components and re-deposition into intra or back-bank environments have 

resulted in fragmentation and the breakage of the nummulite tests. The discocyclinid-

rich facies accumulated in fore-bank conditions. However, the alveolinids, 

orbitolitids rich sediments were deposited in a back-bank, inner-ramp and lagoonal 

settings which contain mollusc, echinoid and nummulite fragments in some places 

along the ramp. 

Jorry et al. (2006) has pointed that the predominance of Larger Foraminifera 

in the Eocene rocks could be explained by the development of wide carbonate ramps 

and by warm marine waters that induced nutrient deficiencies. This is supported by a 

major episode of global warming which peaked during the Early Eocene Climatic 

Optimum (EECO) (Jorry et al., 2006). Racey (2001) has reported that “in the 

symbiotic relationship, the nummulitids supply shelter for the algae whereas the 

algae produced oxygen and nutrients for the nummulite host as bi-products of 

photosynthesis”. 
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In the Eocene Dernah Formation and based on petrographic analysis, the 

nummulitic-rich banks have little associated micro-fauna including planktic forms, 

suggesting that deposition took place in a nutrient-poor (oligotrophic) and low 

productivity environments even in the discocyclinids lithofacies which represent 

deeper settings. This also could be related to a significant hydrodynamic sorting. 

Additionally, the nummulitic-rich deposits in the northeast onshore area are 

associated with organisms tolerant of low nutrient conditions including corals and 

algae, which also suggest deposition in nutrient poor (oligotrophic) settings.  

The nummulitids and other larger foraminifera lived symbiotically with 

photosynthetic algae. This suggests a euphotic zone characterized by clear, shallow 

and warm (16oC and 35°C) waters. In the offshore NW Libya, the planktic forams 

are generally rare. Moreover, corals and algae which are tolerant of oligotrophic 

conditions are not present. This suggests that current energies were sufficiently high 

to inhibit the growth, or that sediment deposition rate was so high that it did not 

allow colonisation. 

6.5. Summary 

The Eocene shallow-water carbonate rocks from both regions have accumulated 

along a larger benthic foraminifera-dominated carbonate ramp system. This ramp is 

divided into inner, middle and outer domains that gradually pass into basin 

environments toward the north. This has been concluded based on the recognized 

lithofacies and the diversity of the fossils they contain especially the large benthic 

foraminifera and their shape and size. This carbonate ramp is mainly dominated by 

larger benthic foraminifera, coralline algae (rhodoliths) and corals that developed as 

small patch reefs which were observed at outcrop in West Dernah section in the east 

of the area. Inner ramp settings are characterized by alveolinid-Orbitolite-dominated 

lithofacies, outer ramp settings are mainly discocyclina-dominated. The middle ramp 

settings are mainly nummulitid-dominated. However, nummulite tests have been 

found in the outer and inner ramp domains as a result of reworking by wave action. 

This indicates that the Eocene nummulitic-rich sediments were produced by physical 

processes and they are para-autochthonous to allochthonous accumulations. 

Overall, the Eocene successions in northern Libya represent decreasing of the 

mud content in an up-sequence trend indicating an overall upward shallowing and 

increasing of the depositional energy of a prograding nummulitic accumulation 

complex. This can be considered as one of the most important controlling factors of 

the nummulite reservoir quality.  
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According to the outcrop and core investigations, the nummulite tests can be 

transported on the shoreline, and then reworked by winds as the carbonate ramps are 

characterized by variety of energy regimes within the photic zone. However, it has 

been clearly noticed that these nummulite rich rocks have been deposited, developed, 

and distributed in the middle ramp domain within the bank settings mainly between 

the FWWB and SWB with some exceptions where nummulitids were transported and 

reworked above the FWWB or below the SWB.  Generally, the nummulitic-rich 

lithofacies were highly developed over the shallow palaeohighs in the middle ramp, 

below the fair-weather wave base, which are relatively quiet environments. It was 

observed that the nummulite tests are well preserved and large in size, which may 

suggest a moderate transport/wave re-working that supports a short-distance re-

working.  

Nummulitic banks in the NC41 area developed in three stages. During the 

first stage, the lower nummulitic bank was deposited over the pre-existing structural-

highs where a restricted shallow ramp lithofacies dominated the southern portion and 

an open marine lithofacies dominated in the northern portion. During the second 

stage, an extensive relative sea level rise has resulted in a reduction of the 

nummulitic bank but development of the micritic limestone lithofacies in open 

marine settings. During the third stage, a progradation has resulted in maximum areal 

expansion of the nummulitic-rich bank lithofacies which was greater in the south 

than in the north. 
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Chapter 7 DIAGENETIC MODIFICATION AND IMPACT ON 
RESERVOIR QUALITY 

This chapter is intended to explain the impact of the diagenetic processes on the Eocene 

carbonate rocks in northern Libya. The influence of diagenetic processes on hydrocarbon 

reservoir quality is discussed in this chapter in terms of increasing and decreasing the 

quality of the reservoir. The diagenetic history of the Eocene rocks is also reconstructed. A 

total of 451 thin sections have been petrographically studied using conventional light 

microscopy and samples from C3-NC-41 well have been further investigated using SEM. 

Diagenetic processes that have affected these rocks have been briefly introduced in 

Imbarek (2008). However, detailed investigation of these diagenetic processes required the 

collection of new data, especially for the subsurface sections, in order to confirm and 

adequately describe and interpret these processes. 

7.1.  Introduction 

The physical, chemical and biochemical changes that modify carbonate rocks during and 

after deposition and during or after lithofication are known as diagenesis processes 

(Jackson, 2005). Three diagenetic environments are distinguished including: the marine, 

meteoric and burial environments (Tucker and Wright 1990, and Moore, 2013) (Figure 7-

1). Carbonate diagenesis has been extensively documented and has been reviewed recently 

by several of authors including James and Choquette (1984), McIlreath and Morrow 

(1990), Tucker and Bathurst (1990), Tucker and Wright (1990), Tucker (1993), Boggs 

(2009) and Agar and Geiger (2015). 

Carbonate sediments are very susceptible and can be modified by diagenetic 

processes because of the instability of their component minerals and their high primary 

permeability, which allows fluid flow. This in turn has a great influence on hydrocarbon 

reservoir quality (Agar and Geiger, 2015). Diagenesis always affects the two most 

important reservoir properties, namely porosity and permeability, by blocking pore spaces 

and permeable pathways such as fractures or creating high porosity and permeability (Ali 

et al., 2010). 

Different experiments on nummulite accumulations have shown that low velocity 

bottom currents cause significant reworking and transportation of nummulite tests of 

different sizes (Hohenegger et al., 2000, Jorry, 2006). Cementation during the early marine 

stages and the type of fluids within the nummulite chambers control the transportation of 

nummulite tests which explains the similarity of the hydrodynamic behaviours of the 

different sizes of nummulite tests (Jorry, 2006). Rigid and fragile nummulite tests are also 

subjected to early marine cementation of the nummulite chambers. Thus fragmentation and 



 

preservation of the nummulitids depends on the presence of the cement within the 

chambers (Briguglio, 2010

1983). The following sections describe these diagenetic processes in the study area. 
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(From Moore, 2013) 

Tarabulus Basin and at 

the outcrops of the Cyrenaica Basin were described and interpreted using petrography, 

isual core and outcrop analyses. These analyses have 

omitization and de-

, are the main diagenetic processes 

The deposition of the Eocene successions in northeast onshore Libya commenced 

with the accumulation of the mudstone and chalk Apollonia limestones. These limestones 

were composed of siliceous and microcrystalline fragments of skeletal grains, dark chert 

dules, and fossils including thin nummulitids, mollusca and echinoids. Mudstones and 

LF2) of the Apollonia Formation have not been highly 

the occurrence of the chert layers and large chert 

typically form during early diagenesis by precipitation of silica mobilized 

(Madsen et al 2010). This 

is probably because of limited permeability, which has prevented water circulation that 
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protected the formation from diagenetic effects by chemicals in solutions in percolating 

ground waters. This was obvious during the field examinations from the absence of 

leaching and recrystallization in the Apollonia Formation. However, near Dernah city the 

Apollonia Formation is characterized by fractures and caves, which might have been 

produced by water dissolution.  

 The nummulite tests in the uppermost part of this formation are thin and dense and 

show replacement and leaching, especially at the transition zone with the Dernah 

Formation. Most importantly, the bivalves are filled with muds and were observed to be set 

in their growth position, but their shells have shown some degree of replacement. The 

overlying Dernah Formation is mainly composed of highly fossiliferous limestones 

ranging in texture from wackestones to rudstones associated with fossil fragments, 

especially nummulithoclastics as well as small amounts of lime-mud which occurred 

within the transition interval between the Dernah and Apollonia Formations.  

The Eocene carbonate rocks in the Tarabulus Basin, especially the Jdeir Formation, 

are inferred to have undergone extensive diagenetic processes in marine, fresh water and 

burial environments producing different types of diagenetic features.  

The following sections describe the main diagenetic processes and their products in 

the area. The relative time relationships (paragenetic sequence) of these events and the 

porosity-diagenesis relationships have also been considered. 

7.2.1. Early marine diagenesis   
This stage is dominated by the presence of micritization. Petrographically, micrite is found 

as a matrix and in some occasions was formed as micritic cement in the nummulite 

chambers and filled vugs that were formed during meteoric leaching.  

7.2.1.1. Micritization and micrite envelopes  
The micritization process is one of the most distinctive diagenetic features that have been 

recognized in the Eocene rocks in the study area (Figure 7-2). Bathurst (1972), Perkins and 

Halsey (1971), Reid and MacIntyre (2000) have described the micritization features as 

process which occur when the skeletal and non-skeletal carbonate particles have 

experienced modification and destruction by micro-organisms including boring algae, 

bacteria and fungi. Micritization normally destroys the internal structure and texture of the 

skeleton forming micritic envelopes. Micritic envelopes are normally formed during the 

early stages of micritization. These envelopes are characterized by irregularity from the 

inside surface. Tucker and Wright (1990) have observed that micritization of the bioclasts 

occurs just underneath the sediment-seawater interface in quieter-water locations where the 
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sediment movement is low. They have also observed that micritization processes are 

commonly found in carbonate rocks that have been deposited in shallow-water conditions.  

In the Eocene carbonate rocks of this study, several lithofacies have been 

influenced by micritization including the nummulitid, alveolinid lithofacies and the red 

algae rich lithofacies (Figure 7-2 A,B, C, D). Two forms of micritization have been 

observed in this study including (1) partial micritization of the external parts of the skeletal 

fragments and shells and that led to the formation of the micritic envelops (Figure 7-2 G, 

H), and (2) A total micritization of the skeletal material and the carbonate fragments 

forming peloids (Figure 7-2 D, E, F). Bathurst (1966) has reported that micritization 

processes occurred in marine phreatic zones which is applicable to the Eocene carbonates 

of this study.  

Micritization is the first diagenesis stage observed in the investigated Eocene rocks 

in the Tarabulus Basin. This feature occurred soon after deposition as it predates the most 

of other diagenetic features as it was noticed that micrite envelopes remain outlining the 

fossils. Micritization has been observed in most of the recognized lithofacies but it was 

mainly found in the nummulite, discocyclina, mollusca, and alveolina lithofacies (Figure 

7-3).  

Micritization in the Eocene rocks in the subsurface is also present in two main 

forms including: Micritization of the outer parts of the fossils (Figure 7-3 A, B, C, D, E, 

and F) or a complete transformation of the fossils into peloids (pellet-like nummulite 

tests) (Figure 7-3 F, G). For example; molluscas, mostly bivalves and gastropods, were 

originally aragonite which has dissolved and been completely replaced by calcite cements 

(Figure 7-3-A, D, F). However, micrite envelopes remain to outline the shells. These 

processes took place in a marine phreatic zone, similar to the interpretations of Kobluk 

and Risk (1977). Micritization of the fossils and their fragments normally occurs on or 

just below the sediment-seawater interface in shallow-water environments and is most 

prevalent in quieter water as documented by Tucker and Wright (1990b). Micrite is 

common as matrix in the depositional texture filing in secondary pores, which negatively 

influences the porosity and permeability.  
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Figure  7-2: Thin section photomicrographs representing the micritization (M). (A, B, C) showing micritic 
matrix in nummulitic-rich lithofacies. (D) Showing micritic matrix and partly micritized nummulite. (E, F) 
Completely micritized nummulite tests and carbonate fragments. (G, H) Showing micritic envelops (ME). 
(A, G, and F are from Imbarek, 2008). 
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Figure  7-3: (A, B) Core photographs showing micritized nummulite and discocyclina tests. Micrite envelopes 
outline the tests shapes (arrows). (C) Photomicrograph showing micritized nummulite tests where micrite 
outline the tests and their chambers. (D) Miliolids were dissolved and completely filled by drusy calcite 
cements, only the micrite envelopes remaining to outline the shell shapes (arrows).(E) Micritic envelop. (F) 
Mollusc casts originally aragonite were dissolved and filled by drusy calcite cements, but the micrite 
envelopes outline the shell left (arrows). (G) Completely micritized nummulite tests (Forming nummulitic 
biomicrite pellets) 
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7.2.2. Meteoric and early burial diagenesis 
During this stage, different digenetic processes including leaching, dissolution and 

cementation have influenced the Jdeir Formation. This is largely because the formation 

was subaerially exposed during the early Eocene. Thus, the formation was subjected to 

meteoric water events resulting in a massive dissolution as fluids dissolved the unstable 

minerals. Dissolution has created high porosity especially in the upper part of the 

formation. Consequently, this porosity was filled by calcite and micrite cements. Coarse 

calcite cement was formed as rims first, and then followed by equant calcite cement which 

filled the intraskeletal pores associated with calcite crystals lining the nummulite tests.  

7.2.2.1. Dissolution 
Most of the recognized lithofacies in the Eocene outcrops were influenced by dissolution 

processes that resulted in an increase in porosity. These processes resulted in the formation 

of an important secondary porosity in these rocks. Dissolution has created large volumes of 

secondary mouldic and vuggy porosity in the nummulitic-rich lithofacies and the other 

lithofacies (Figure 7-4 A, B and F). Dissolution is one of the main controls on enhancing 

porosity in nummulite accumulations, which are the main hydrocarbon reservoirs in North 

Africa and the Middle East (Anketell and Mriheel, 2000 and Racey, 2001). Such 

dissolution events are observed to have affected gastropod shells, nummulites, corals and 

crustose red-algae as they are made-up primarily of aragonite or of high magnesium calcite 

(Figure 7-4 B, E) which is metastable and quickly dissolves in under-saturated water (Ahr, 

2011). Bjorlykke (2010) and Ginsburg et al. (1971) have documented that the high 

magnesium calcite is ten times as soluble as low magnesium calcite and five times as 

soluble as aragonite in sea water under normal conditions.  

In some of the thin-sectioned samples, 25% of the rock may be porous as a result of the 

dissolution processes (Figure 7-4). Many of the biomouldic and vuggy pores are partially 

or completely infilled by drusy calcite, particularly in the nummulitic-rich lithofacies and 

the gastropod-rich lithofacies. Dissolution occurs as a result of the interaction between the 

grains and under-saturated fluids, generally freshwater (Ahr, 2011 and Moore, 2013). 

Dissolution may have affected the Eocene rocks during an early meteoric phase and 

possibly during a late burial phase. The first phase of dissolution probably occurred during 

exposure of the Eocene rocks to subaerial conditions as a result of uplift during the Eocene 

and the lowering of the sea-level following the deposition of the Dernah Formation (El-

Hawat, 2004) which resulted in a karstified unconformity prior to the deposition of the 

Oligocene Al-Baydah Formation. Hardground surfaces as well as paleosols surfaces have 

been observed at the outcrops as result of the subaerial exposure event. Moreover, and 
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according to the Haq et al. (1987) curve, there was a major sea-level fall which may have 

resulted in subaerial exposure in the Upper Eocene. Small and large caves were observed 

in different outcrops as a result of dissolution (Figure 7-4 C/D). The caves are 3 to 5 

meters long, 2 to3 meters high and 1 to 5 meters across. Tufa and travertine are found on 

the floors and around the edges of these caves. The exposure event could have been 

responsible for the creation of large volumes of vuggy and mouldic porosity enhancing the 

reservoir potential. Bernasconi et al. (1991); Bishop(1988); Bailey et al.(1989); Anketell 

and Mriheel(2000) and Beavington-Penney et al.(2008) have interpreted an important 

dissolution porosity within the nummulitic-rich limestones in the Eocene rocks in Tunisia 

and Libya which developed during early (meteoric) or burial diagenesis. 

Vuggy porosity originated from dissolution of early formed fibrous cement and/or 

fine-grained internal sediment within the intergranular pores paces. Moreover, dissolved 

nummulite tests at different outcrops form excellent mouldic porosity (Figure 7-4, A). 

Accordingly, the Eocene rocks contain high mouldic and vuggy porosity formed by 

diagenetic dissolution processes.   
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Figure  7-4: (A) Outcrop Photo showing dissolved nummulite tests creating very good porosity, (B) 
Dissolved gastropod shell and nummulite tests. (C, D) Outcrop photos of large vugys within the nummulitic-
rich lithofacies developed into small-scale caves in places. (E) Dissolved aragonitic coral leaving large vugys 
and developed to small cave. (F) Photomicrograph showing nummulitic-grainstone with excellent 
interparticulate, intraparticulate, vuggy and mouldic porosity (GPS is 15cm). 

 

Dissolution events are also one of the most common diagenetic processes in 

shallow-water carbonate of the Eocene carbonate rocks in NW Libya. Dissolution 

diagenetic process has extensively influenced the uppermost part of the Eocene Farwah 

Group specifically the upper portion of the Jdeir Formation. However, this event has been 

observed in almost all lithofacies and at different intervals. The nummulitic-rich and the 

gastropod-rich lithofacies are characterized by high secondary porosity, which was created 

during dissolution processes. This porosity has contributed to forming high quality 

hydrocarbon reservoirs. At some intervals of the cores, a high percentage of the rock 
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volume is porosity including mouldic and vuggy porosity that was created by dissolution. 

It has been noticed that the gastropods and large size nummulite tests have been partly or 

completely dissolved leaving large voids (Figure 7-5).   

From core samples and petrographic analysis, some of the samples show 30% of 

the rock is made up of vuggy and mouldic porosity because of dissolution of aragonitic 

bioclasts. However, some the pore spaces have been completely or partially filled by 

meteoric drusy calcite cement (Figures. 7-5, E). This suggests a meteoric origin for the 

dissolution. Dissolution postdates micritization as some of the micritic matrix has been 

dissolved and predates burial features, as some of the vugs are infilled with coarse-grained 

calcite cement which indicates that vugs were formed before coarse-grained calcite 

cement. However, in some cases when vuggy porosity is not filled by cements, an early 

meteoric origin cannot be considered. In some other cases, fracture porosity has been 

enhanced which suggests a burial origin of dissolution (Figure 7-5 H). Therefore, it can be 

concluded that extensive dissolution has affected the Eocene rocks and multiple events of 

dissolution could have influenced these rocks including meteoric dissolution and possibly 

dissolution during late burial. 
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Figure  7-5: (A) Core photo showing large vuggy porosity, (B, C, D) Dissolved nummulite and gastropod 
tests forming large mouldic porosity. (E, F, and G) photomicrographs of dissolved nummulite tests with 
excellent mouldic and vuggy porosity. (H) Porosity along fractures (Fp.) [Diss.: Dissolution]. 
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7.2.2.2. Cementation and Recrystallization 

Pore-filling cementation is one of the main obvious diagenetic processes in carbonate 

rocks. It is the process of precipitation of crystals in the pore-spaces (Adams and 

MacKenzie, 1998). This process was recognized as calcite cement filling the pores or 

lining the nummulite chambers (dog tooth cement). In this study, cementation features 

have been observed in the nummulitic-rich and the gastropod-rich lithofacies as well as the 

other lithofacies. Some fractures have also been cemented and filled by calcite cement. 

The cementation mechanism is perhaps related to the early calcite dissolution. This 

resulted in increasing fluid saturation, resulting in a decrease in dissolution with depth. 

Once the fluid becomes oversaturated, precipitation occurs. In summary, intensive 

subaerial dissolution during early diagenesis caused a significant porosity development in 

the nummulitic-rich sediments. On the other hand, cementation by calcite and compaction 

caused a reduction in porosity. 

The Eocene carbonate rocks in the onshore area are characterized by precipitation 

of three types of calcite cements within the intergranular and intragranular pore-spaces 

such as the nummulite chambers and the mouldic porosity in bioclasts such as gastropods 

and bivalves, which were created from dissolved aragonite. This includes (1) relatively 

coarse-crystalline blocky calcite infilling pore spaces and the internal spaces in the fossils 

including the larger benthic foraminifera and gastropod chambers (Figure 7-6 A, B, and 

C). (2) fine-crystalline calcite cement filling the pore-spaces and around the nummulite and 

the gastropod chambers and filling some of the fractures which might indicate shallow to 

deeper burial (Figure 7-6 D, E). (3) Calcite cement growing as irregular rims along the 

internal side of the nummulite chambers as a dog-tooth cement (Figure 7-6 F). Dogtooth 

calcite is a feature of late burial diagenetic settings. The onshore Eocene rocks show a 

degree of early marine cementation, as most of these rocks are originally marine deposits. 

Cementation has had a significant impact on the lithotypes as well as the reservoir 

characterization and quality as it destroys the porosity in most of the cases and blocks the 

permeable pathways. 
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Figure  7-6: photomicrographs of different types of cement: (A) Coarse-grained calcite cement filled a 
gastropod chamber. (B) Vuggy pores filled with coarse-grained (blocky calcite cement). (C) Calcite cements 
filling the gastropod chambers (notice the fine-grained along the rim and medium to coarse-grained in the 
middle). (D) Fine-grained calcite cements filling the nummulite chambers and the dissolved gastropods. (E) 
Entire nummulite test cemented by fine-grained calcite cement (F) Calcite cement growing along the internal 
side of the nummulite chambers as dog-tooth cement. (A & F are from Imbarek, 2008) 
 

Different calcite cements have been observed in the Eocene lithofacies in the 

subsurface of the Tarabulus Basin including blocky, drusy, and syntaxial overgrowth 

calcite. These calcite cements are the most common cement types observed in the Eocene 

rocks and have largely influenced the reservoir quality by filling the pore spaces and 

blocking the permeability pathways. Blocky calcite cement filled the dissolved skeletal and 

carbonate fragment moulds. Blocky calcite is observed as coarse-grained with different 
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sizes of crystals between the nummulite tests and within their chambers (Figure 7-7 and 

Figure 7-8 A, B, C).  

 The mollusc cast are originally aragonite that has dissolved and completely filled 

by blocky calcite cements, only the micrite envelopes remaining to outline the shell 

(Figure 7-12C). Scholle and Ulmer-Scholle (2003), Flügel (2004), Ahr (2011), Ghafur 

(2012), and Jackson (2012) have pointed out that blocky calcite cement is usually formed 

within the meteoric phreatic and the burial environments, but is not common in the marine 

environment. The drusy calcite cement has also been observed as calcite crystals filling 

void-spaces in some cases and lining the fossil tests in other cases. These crystals are well-

organized as the smaller crystals in the centre and the bigger ones along the periphery of 

the nummulite tests (Figure 7-8 D, E (1) fine crystals (equant calcite cement) and (2) 

coarse crystals. This type of cement has blocked and cemented most of the pore spaces, 

causing a decrease in porosity. Drusy calcite is considered to be one of the most important 

cause of porosity reduction in the Jdeir Formation. This type of cement is typically formed 

in meteoric phreatic environment as well as burial diagenetic conditions (Moore, 2013). 

Wilson (2002) has also suggested that drusy calcite postdates the micritization and the 

formation of micrite envelopes is commonly reported from meteoric phreatic zone settings.  

 The echinoderm, mollusc, and nummulite lithofacies of the Jdeir Formation have 

been characterized by the formation of syntaxial overgrowth cements especially 

surrounding the echinoderms (Figure 7-8 F). It has been noticed that the occurrence of 

such syntaxial overgrowths is related to the existence of the echinoderms and their 

fragments. Echinoderms are present associated with most of the recognized lithofacies in 

the offshore region. The syntaxial overgrowths have noticeably decreased the pore volume. 

Flügel (2004) has documented that this type of cement might form in vadose-marine and 

meteoric phreatic environments as well as in burial environments. Moreover, Walker et al. 

(1990) have reported that such cements have been found along echinoderm fragments in 

different ancient limestones and were generated in marine conditions. Longman (1980) has 

interpreted these cements to be formed in meteoric diagenetic settings. Flügel (2004) has 

described the syntaxial overgrowths in two main stages. It starts with thin cloudy cements 

on echinoderms succeeded by continued growth related to meteoric conditions. Dogtooth 

features of the late diagenetic cementation have been seen and recognized as irregular rims 

along the internal surface of the nummulite tests (Figure 7-8 E, G). Overall, most of the 

cement types have negatively influenced the Eocene lithofacies of the Tarabulus Basin in 

terms of their porosity and the reservoir quality.  



 253

In general, cementation is a very common diagenetic process forming a matrix and 

cement that filled the primary and secondary pores. This suggests that calcite cement was 

formed after the formation of secondary porosity. It has been noticed that the calcite 

cement is associated with evaporites such as gypsum and anhydrite, which suggests the 

impact of an influx of meteoric waters in shallow marine environments. 

 

 
Figure  7-7: (A, B, C, and D) SEM photomicrographs showing calcite cements filling pore-spaces within the 
nummulite tests. 
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Figure  7-8: Photomicrographs (A) Coarse-grained blocky calcite cements filling the pores and occludes 
porosity. (B) Coarse-grained blocky calcite cements filling porosity between nummulite tests. (C) Coarse-
grained blocky calcite cement (note: mollusc shells are dissolved and completely filled by blocky calcite 
cements, micrite envelopes remaining outlining the shells). (D and E) Fine crystals (1) in the centre and the 
coarse ones along the periphery of the nummulite tests. (F) Syntactical overgrowth calcite cement. (G) Dog 
tooth calcite cement along the internal nummulite chambers [Cm: Cement, St.: Stylolite]. 
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 Recrystallization refers to changes in crystal size, shape and lattice orientation with 

no changes in mineralogy. Some of the samples in B2-Well in the Tarabulus Basin showed 

fossil shells being partly or entirely replaced and/or recrystallised by coarse crystalline 

calcite cement especially bivalves, gastropods, echinoderms as well as some of the larger 

benthic foraminifera (Figure 7-9). Recrystallization processes do not reduce or enhance 

reservoir quality because they have not destroyed or developed the porosity.  

 
Figure  7-9: (A, B, C, D) Selected photomicrographs showing the replacement and re-crystallization of the 
mollusc shells. 
 

7.2.3. Late burial diagenesis 

The final diagenetic features include development of late dissolution seams, stylolites and 

fractures, coarse calcite spar, dolomitization, recrystallization of the shell components 

representing a burial environment. 

7.2.3.1. Mechanical and chemical compaction 

Compaction is a common and important diagenetic process in carbonate rocks and refers to 

any process that decreases the bulk volume of the rocks (Flügel, 2004, Ali et al., 2010). 

Normally compaction and fracturing result from overburden that is applied by burial 

and/or by tectonic activity (Flügel, 1982, Croizé, D. 2010, El-Ghar and Hussein, 2005). 

The effects of compaction are most pronounced in rocks in which early cements, such as 



 256

marine and near-surface meteoric cements, are poorly-developed or absent (Bathurst, 

1986) and (Ali et al., 2010). The main recognized compaction features in the Eocene rocks 

in this study are fracturing, stylolites, broken nummulites, and imbricated nummulitids. In 

the current study, compaction processes and products are divided into: 1) mechanical and 

2) chemical (pressure dissolution).  

In the Cyrenaica Basin, mechanical compaction begins as soon as there is overlying 

sediment with simple de-watering, re-arrangement of particles and grain-to-grain touch, 

whereas chemical compaction mostly requires several hundred metres of burial (Tucker, 

1993 and Croizé, 2010). Evidence for mechanical compaction in the Eocene carbonates is 

observed in the nummulitic wackestone / floatstone as imbricated, compacted, broken and 

fractured nummulite tests (Figure 7-10). Microfractures cross-cutting the bioclasts 

(nummulite tests) have also been recognized petrographically in some samples (Figure 7-

10, D, E, F, and G). These fractures are partially to completely infilled by calcite cement. 

Moreover, several joints and fractures within the Eocene units have been identified at some 

outcrops indicating tectonic activities. The microfractures represent a significant 

contribution to porosity and permeability development.  

Tucker (1993) and Croizé (2010) have reported that as a result of increasing 

overburden (several hundred to a thousand metres or more), chemical compaction 

(pressure dissolution or stylolitization) replaces mechanical compaction and further 

reduction of pore space takes place. Chemical compaction and pressure dissolution also 

results in the dissolution of grains and sediment, and this may be a significant source of 

CaCO3 for burial cementation (Tucker, 1993). Chemical compaction in the investigated 

limestones is indicated by the presence of dissolution seams, stylolites and micro-stylolites 

between grains (Figure 7-11 D, E, F, and G). Microstylolites and mechanical compaction 

features are common in the nummulitic-rich lithofacies, suggesting a general lack of early 

cementation. Stylolites are horizontal with low-amplitude and wave-like form. It has been 

noticed that along the stylolites there is an insoluble residue of a dark bituminous 

substance.   

Many carbonate rocks lose some of their original porosity because of compaction 

during burial (Moore, 2013). However, fracturing is a process that normally enhances the 

reservoir characteristics through increasing the porosity and the permeability (Ahr, 2011). 

Compaction and fracturing occur during the late burial stages of diagenesis.  
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Figure  7-10: (A,B,C) Photographs of fractured and fragmented nummulite tests, (D,E) photomicrographs 
showing micro-fracture within the nummulite test, (F) photomicrographs showing fractured large nummulite 
tests and the fractures are filled with cement(G) photomicrographs showing fractured discocyclina tests [Fr.: 
Fracture] (C &F from Imbarek, 2008). 
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Figure  7-11: Outcrop photographs and thins section photomicrographs of the stylolites and microstylolites. 
(A, B, C) photographs showing low amplitude stylolites. (A) Stylolite within the chalk, (B) stylolite cutting 
through nummulite test, (C) stylolite in the gastropod unit. (D) Grain-to-grain touch (G-G) developed into 
stylolite along the nummulite tests. (E) Microstylolite within the Nummulites. (F) Grain-to-grain touch 
developed into stylolite along the echinoid fragment and the nummulite tests. (G) Very low amplitude seams 
[St.: Stylolite & Mic-st.: Micro-Stylolite, Sm. Seams, G-G: grain-to-grain touch] (GPS is 15cm). 
 

In the subsurface of the Tarabulus Basin, compaction processes have influenced the 

Eocene rocks more intensively than in the Cyrenaica Basin. These processes have been 

observed in different intervals along the cored-wells. Two main types of compaction were 
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also observed including mechanical and chemical compactions as a result of the pressure 

of the overburden. Mechanical compaction starts at shallow depths immediately after 

deposition and is driven by the effective stress applied by the overlying loads. This type of 

compaction was presented in the studied rocks as crushed and broken Nummulites, 

deformation and truncation, alignment of elongated fragments, and tight interlocking of the 

larger benthic foraminifera as well as the presence of fractures and microfractures. Flügel 

(2004) pointed out that porosity and thickness reduction of carbonate rocks are normally 

associated with mechanical compaction. Along the cores and in the hand specimens, the 

nummulite tests in the studied rocks have been packed in parallelism with the bedding 

planes. Mechanical compaction has generated three types of grain-to-grain contact in the 

Eocene rocks including: 1) point contact, 2) tangential contact, 3) long contact (Figure 7-

12) (Appendix 34). 

Fracturing has also been seen at certain intervals within the nummulitic-rich 

lithofacies (Figure 7-13). Fractures have greatly influenced the nummulite tests as they cut 

through the tests and result in breakage of the Nummulites (Figure 7-13). Some of these 

fractures are partially cemented and infilled (Figure 7-13 C, D) by calcite cement and in 

some cases are completely filled (Figure 7-13 F) with black bitumen and calcite cement. 

However, in other cases, they still open fractures and provide good porosity and fluid 

pathways. They measure several centimetres in length and less than 8mm in width. Some 

fractures are associated with the stylolites especially in the nummulitic-rich lithofacies. In 

the mollusc lithofacies, some fractures are partially filled (Figures7-13 and 7-14). These 

fractures are up to centimetres in length and range from less than 1 mm to 6mm in width. 

In the Bouri Field, stylolites are frequently associated with open microfractures 

(Bemasconi et al. 1984 and Mriheel, 1991). 

By increasing the burial up to about 1 to 2 km, chemical compaction by pressure 

solution becomes an effective process (Croizé, 2010). Tucker (1993)and Zhang et al. 

(2006) have reported that chemical compaction is a significant diagenetic process during 

burial. This type of compaction is a pressure dissolution, which produces stylolites and 

leads to the dissolution of grains and matrix forming a good source of burial calcite 

cement. In the studied rocks and as a result of chemical compaction, the nummulite tests 

were dissolved along their contacts resulting in production of two types of grain-to-grain 

contact which are: 1) concavo-convex and 2) sutured grain contacts (Figure 7-12) which 

also developed into seams which in turn advanced into microstylolites and low to high 

amplitude though-going stylolites (Figure 7-15 and Appendix 34).  
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Accordingly, stylolites have mainly resulted from pressure dissolution and formed 

after burial. Different types of stylolites have been recognized from the detailed 

petrographic and visual-core analyses. These stylolites are associated with dissolution 

seams in most cases. Along the cores, the rock fabric is in some cases significantly altered 

and separated by stylolites (Figure 7-12 A and 7-15) (Appendix 34). Geometrically, 

several types of stylolites have been recognized including up peak, down-peak (rectangular 

types), seismogram style, wavy-like style, sutured, sharp-peak. Moreover, it has been 

recognized that the stylolites are organized in relation to the bedding plane in different 

configuration including horizontal stylolites, inclined stylolites, and vertical stylolites. 

Stylolitisation significantly affects carbonate reservoir quality by providing pathways for 

hydrocarbon migration (Figure 7-12 A, C, and F). It has been noticed that most of the 

observed stylolites are characterized by sutured surfaces that have cross-cut grains, fossils, 

and matrix.  
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Figure  7-12: (A) Core photo of seismogram-like, high amplitude, horizontal stylolite. It separates between 
poorly sorted nummulite-rich lithofacies and well-sorted large nummulite lithofacies. (B) grain-to-grain 
touch developed into seams, which in turn advanced into low amplitude stylolites within the well-sorted large 
nummulite-rich lithofacies. (C) Low to high amplitude stylolite with vertical stylolite and seams within 
discocyclina lithofacies, (D, E) Photomicrographs of stylolites outlining the nummulite tests. (F) High 
amplitude, up-pick stylolite (G) stylolite along and cut through nummulite test. [St.: Stylolite, Sm.: Seams, 
G.G: Grain-to-grain contact, P.G.G: point contact, T.G.G: tangential contact, L.G.G: long contact, S.G.G: 
sutured contact, C.G.G: concavo-convex contact]. 
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Figure  7-13: Core photographs and photomicrographs of the fracturing. (A) Deformed, fractured and 
fragmented nummulite tests with grain-to-grain touch developed to stylolite. (B and C) Fractures crossing the 
matrix and cutting through nummulite test. (D) Open and filled fractures cutting Nummulites. (E) Filled 
microfractures in nummulite test. (F) Completely filled fracture by calcite cement and seem to post-date the 
stylolite. (G) Open un-filled fracture cutting nummulite test. [Fr.: Fracture, Mf. Micro-fractures, St.: 
Stylolite]. 
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Figure  7-14: SEM photomicrographs showing (A) open fracture and (B) infilled microfracture by fine-
crystalline calcite cement. 
 

 
 
Figure  7-15: Core photos illustrating the development of grain-to-grain touching forming different types of 
seams and stylolites within the nummulitic-rich unit of Jdeir Formation
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7.2.3.2. Dolomitization 

Dolomitization is one of the most commonly observed diagenetic features in 

shallow-water carbonate rocks (Rameil, 2008) and is present in the Eocene carbonate 

lithofacies examined in the study area. It is indicated by dolomite rhombs filling the 

interior of the benthic foraminifera (Imbarek, 2008). In the current study, dolomitic 

rhombs have also been seen within several of the studied thin sections from different 

lithofacies in different localities. De-dolomitization or what is known as re-

calcification of the dolomitized calcite limestones is also present in few samples, 

which might be explained as a result of uplift events that have exposed rocks to 

meteoric water.  

Dolomitic limestones have been observed in Shahat and Dernah sections 

mainly in the dolomitic-discocyclinid lithofacies. However, dolomitization has 

petrographically been observed as fine and coarse dolomite crystals (Figure 7-16) in 

most of the other identified lithofacies including orbitolites, coral, echinoderm, and 

algae rich lithofacies. The dolomitic-discocyclinid lithofacies is dominated by fine-

grained dolomicrite made of microcrystalline dolomite associated with red-algae, 

small and larger benthic foraminifera in low amounts, and some other bioclasts. 

Dolomitization has influenced the matrix and the fossil contents by replacing the 

micrite and the fossil tests with fine and coarse dolomite crystals. It has been 

previously reported by several authors including Anan and Wanas (2015); Keheila 

and El-Ayyat (1992); Kirmaci (2008); Mresah (1998); Mriheel and Anketell (2000); 

Rameil (2008); and Whittle and Alsharhan (1994) that such dolomicritic deposits are 

precipitated in shallow sub tidal conditions of marine lagoons. 

Along the Shahat section, evaporite minerals (mostly gypsum) have been 

observed. These evaporite minerals probably correspond to precipitation of dolomite 

as a result of evaporitic-reflux (Figure 7-17). Dolomitization processes are one of the 

diagenetic processes that have impacted the reservoir potential as they have increased 

the porosity and in turn enhanced the reservoir quality. 



 265

 
 
Figure  7-16: Outcrop photographs and thin section photomicrographs of the dolomitization. (A, B) field 
photographs of dolomitic-limestone beds, (C) Fine to medium dolomite crystals replaced micritic matrix in 
between orbitolite tests, (D, E) coarse-grained dolomite rhombs. (F)  Fine-grained dolomitic crystals 
replaced micritic matrix. (G) Close-ups of coarse-grained dolomite rhombs [Do.: Dolomite & Do.R.: 
Dolomite Rhombs] (Hammer is 30cm). 
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Figure  7-17: Evaporites (mostly gypsum) along Shahat section (A) Field photo showing an evaporite 
lenses. (B) Close-up of the yellow square of the evaporite lenses. (C, D) close-up of typical gypsum 
crystals (Man is 175cm & Libyan 25 Dirham is 2cm). 
 
 Armenteros (2010) pointed out that dolomite may form by the replacement 

(dolomitization) of micrite matrix and of fossils. It also can be formed as a cement in 

intraparticulate and interparticulate pore spaces. In the subsurface of the Tarabulus 

Basin, the effect of dolomitization processes has been recognized in particular in the 

mollusc-rich lithofacies where dolomite occurred as fine rhombs replacing the matrix 

(Figure 7-18). Additionally, dolomite has also been observed along the stylolites and 

seams indicating dolomitization during burial stages (Figure 7-18 F, G). Tucker 

(2001) has documented scattered rhombs and dolomite crystals along pressure 

dissolution stylolites and seams, and late cavity-filling dolomite cements are 

common forms of burial dolomite. The growth of the dolomite rhombs reduces the 

size of pore space within the fossils and between the nummulite tests (Figure 7-18 

H). De-dolomitization has been also recognized in some of the thin sections where 

calcite crystals have grown inside the dolomite rhombs (Figure7-18).  

The Jirani Formation (and known as Jirani dolomite) which is mainly made-

up of dolomitic limestones contains extensive dolomitization. This formation is not 

the main target of this study but dolomitization in this formation is worth a brief 

description.  
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 Petrographic analysis from the Jirani Formation has shown three types of 

dolomitization including: (a) microcrystalline to very fine dolomite crystal mosaics 

ranging in size from < 10 to 20μm (Figure 7-18 A, B, C). These crystals are in some 

cases very clear and in other cases cloudy. Good intercrystalline porosity is present 

in this type of dolomite. (b) Fine to medium crystalline fabric-selective 

dolomitization, where the micrite matrix is replaced (Figure 7-18 D). Dolomite 

crystals are up to 200μm in size and rarely exceed 250μm. These crystals are cloudy 

in the centres and have clear rims. This type of dolomite contains excellent 

intercrystalline porosity. (c) The third type is identified as pore space filling dolomite 

crystals (Figure 7-18 H). Mouldic and vuggy pores are filled with two main types of 

dolomite cement including fine to medium dolomite crystals and saddle dolomites. 

This type of dolomite was interpreted as a late stage, deep burial cement by Mriheel 

and Anketell (1995). The occurrence of saddle dolomites suggests mesogenetic to 

telogenetic dolomitization during the subsequent burial of the deposits.  

Moreover, Greensmith (1981) documented that dolomitization occurred 

shortly after deposition and considered it an early diagenetic event if the dolomite is 

positioned in between two essentially unaltered formations. In the area of study, the 

Jirani Dolomite is positioned between the overlying Jdeir Formation and the 

underlying Bilal Formation. Thus, the Jirani dolomites could have been formed 

during and shortly after deposition and represent an early diagenetic event. In 

addition, Ghafur (2012) and Anan and Wanas (2015) documented that dolomite can 

be formed in different stages of diagenesis, soon after deposition to deep burial 

settings. Hence, both early to late diagenetic dolomitization could have influenced 

the Eocene rocks in the Tarabulus Basin. 

The occurrence of the anhydrite “evaporite” shows the influence of 

hypersaline waters. The presence of mouldic porosity and in some cases vuggy 

porosity indicates that the formation was subaerially exposed resulting in meteoric 

processes. This is probably resulted from the gradual relative sea-level fall in early 

Lutetian times, which probably resulted from a combination of eustasy and local 

tectonism (Jorry, 2003). Therefore, and because of the sea-level drop, the dolomites 

of Jirani Formation could have been formed by replacement of precursor limestones 

in hypersaline lagoons on a restricted shallow platform where semi-arid to arid 

conditions dominated (Mriheel and Anketell, 2000). 
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Figure  7-18(A, B) photographs of fine-grained dolomite, (C, D, E) photomicrographs showing fine to 
medium grained dolomite crystals representing a mosaic-like of dolomite rhombs, (F, G, H) 
photomicrographs showing coarse-grained dolomitic rhombs [Do.R.: Dolomite Rhombs]. 
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7.3. Diagenetic Sequence 
The Eocene carbonate rocks in northern Libya have been influenced and 

modified by different diagenetic processes during and after deposition. These 

processes include micritization, dissolution, cementation, mechanical and chemical 

compaction, and dolomitization. These diagenetic processes had different influences 

on porosity and reservoirs quality.  

Figure 7-19 summarizes the main diagenetic processes that modified the 

Eocene rocks is the area of study and their relative timing as well as their impact on 

porosity. Petrographic study reveals that only three main phases of diagenesis have 

affected the Eocene carbonate rocks in Tarabulus and Cyrenaica Basins including 

marine, meteoric and burial. Different degrees of porosity formation and cementation 

were recognized for each event.  

During the very early stages of the diagenetic sequence, micritization and 

early mechanical compaction were the first processes that modified the Eocene 

carbonates in the area. It was associated which calcite cement in a form of bladed 

isopachous cements. Secondly, the Eocene rocks were influenced by dissolution 

events, which resulted in partial removal of the rim cement, and dissolution of the 

bioclasts, generating the most important porosity in these rocks. Differences in the 

nature of the diagenetic fluids control the types of porosity in the carbonate rock 

(Flügel, 2004). The circulation of the under-saturated fluids especially with respect to 

calcite is evidenced by the intense dissolution in the Eocene Rocks by meteoric 

waters as a result of subaerial exposure. This exposure of the Eocene rocks is caused 

by sea-level drop during the late Ypresian (Jorry, 2004). This was followed by 

cementation by sparry calcite cements including equant, drusy, syntaxial 

overgrowths, and coarse blocky calcite and recrystallization, which may have 

continued as burial depth, increased. This was followed by dolomitization. The 

exposure event could also be responsible for the precipitation of these types of 

cements. The cementation mechanism is perhaps related to the early calcite 

dissolution, which decreased with depth because of increasing fluid saturation with 

respect to calcite, until it become oversaturated, resulting in cementation. Finally, 

late burial resulted in chemical and late mechanical compaction as well as pressure 

dissolution processes creating the following diagenetic features: (1) grain orientation, 

(2) breakage and deformation of bioclasts, and (3) development of pressure solution 

seams, micro-stylolites and stylolites. After that, the Eocene carbonates were 
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influenced by the late dissolution and fracture development. In summary, intensive 

subaerial dissolution during early diagenesis caused a significant porosity 

development in the nummulitic-rich sediments. On the other hand, cementation by 

calcite and compaction caused a reduction in porosity. 

The diagenetic processes that have influenced the Eocene rocks in the area 

belong to three diagenetic environments, which are:  

Marine diagenesis: diagenetic modification in the Eocene rocks started with marine 

phreatic events, which are represented by micritization of the bioclastics, which 

resulted in the precipitation of early-marine rim cements and the development of 

micritic envelopes around the nummulite tests, mollusc fragments, and miliolids. The 

micritization was as result of boring by micro-organisms. Early marine calcite 

cements have influenced most of the Eocene rocks in both areas. Generally, in this 

stage, the primary porosity has not been affected by cementation. However, early 

mechanical compaction in this stage has decreased some of the primary porosity of 

these rocks. 

Meteoric diagenesis: This stage is mainly characterized by dissolution and 

cementation by calcite. The meteoric events commenced with meteoric vadose 

diagenesis where most of the metastable skeletal and grains were dissolved (such as 

gastropods). It has been noticed that the dissolution event is mainly represented in 

the upper portion of the Jdeir Formation. This event has resulted in a generation of 

excellent secondary porosity. This was then followed by phreatic diagenesis, as the 

pores are filled with meteoric-waters and resulted in precipitation of calcite cements. 

The cements include microcrystalline calcite, drusy, syntaxial overgrowths, sparry 

calcite cements between grains and filling the nummulite chambers and the other 

bioclastic cavities resulting in lowering the porosity. 

Burial diagenesis: early-burial features represented by mechanical compaction 

resulted in: grain orientation, breakage of bioclasts, deformation and imbrication of 

nummulite tests. Dissolution seams, stylolites and micro-stylolites, fractures and 

micro-fractures are the main features that developed during late-burial chemical 

compaction events. During this stage, the primary and secondary porosity were 

largely reduced as a result of compaction. Some burial dissolution (late dissolution) 

created local vuggy porosity but that was infilled with late burial calcite cement 

including dogtooth cements.  
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Figure  7-19: Generalized diagram showing the diagenetic history of the Eocene carbonates in northern Libya supported by photographs and photomicrographs. It 
also is showing the relationship between the diagenetic processes and the increase and decrease of the porosity values (up-dated and developed after Imbarek, 
2008).
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7.4.  Reservoir Quality 

The Eocene carbonate rocks in northern Libya are characterized by primary and 

secondary porosity including intergranular, intragranular, intercrystalline, mouldic, 

vuggy, and fracture porosity. Porosity is distributed based on the depositional 

lithofacies and the type of diagenetic processes (Ahr, 2011). High porosity and 

permeability are the main properties of hydrocarbon reservoirs (Neveux et al., 2014). 

These properties decrease with depth during burial whereas the reservoir qualities are 

almost completely absent below 4000m(Ehrenberg and Nadeau, 2005; Neveux et al., 

2014). This may be because of chemical compaction and late burial cementation. 

Ahr (2011) pointed out that the porosity ranges between 40% and 70% in 

modern carbonate sediments, but it is between 5% and 15% in ancient rocks. This 

reduction of porosity is due mainly to diagenetic processes that affect the sediments 

during deposition and the rocks after lithofication including cementation, 

compaction, or combinations of both processes. Permeability is lost more rapidly 

during burial than porosity in the same rocks due mainly to mechanical compaction 

at shallower depths and to chemical plus mechanical compaction at greater depths 

(Budd, 2001). Porosity and permeability loss in carbonate hydrocarbon reservoirs is 

mainly a result of early diagenetic cementation. However, the loss of porosity and 

permeability with depth is caused mainly by compaction (mechanical and chemical) 

(Ahr 2011, Moore et al. 2013, Rashid et al., 2015). 

The previous sections in this chapter highlighted the major diagenetic 

processes that have influenced the Eocene rocks in northern Libya in both onshore 

and offshore areas. The pore system in these rocks has been dramatically influenced 

by these diagenetic processes in a positive and negative way. Porosity was estimated 

through a combination of visual examination of cores by estimating the fractures and 

the pore space connectivity, hand specimen investigations, and petrographic thin-

section analysis. In general, the porosity values in the Eocene rocks range between 

poor and excellent (<3% to ~43%). This indicates that the variation in porosity 

values is because of the diagenetic processes that have impacted these rocks during 

and after lithofication.  

The Eocene rocks are generally characterized by primary porosity, which was 

initiated with deposition of these rocks. This type of porosity is mainly represented in 

the nummulitic-rich lithofacies, which are characterized by chambers that provide 
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excellent pore space. However, calcite cements have partially to completely occluded 

the primary porosity. The secondary porosity was created mainly by dissolution and 

fracturing. The secondary porosity formed by selective dissolution of some grains 

such as aragonite and calcite and has resulted in the development of mouldic and 

vuggy porosity in most of the identified lithofacies especially the nummulitic-rich 

lithofacies. Porosity in the Eocene rocks has been reduced by blocky (coarse 

crystalline), drusy (fine crystalline) calcite and syntaxial overgrowth cements where 

cements have infilled the pore spaces.  

With increasing depth, the Nummulite tests are in some cases bounded by 

stylolites and in other cases the contacts between the tests are stylolitic as a result of 

the chemical compaction, resulting in porosity reduction. Compaction is probably the 

major cause of porosity reduction in granular carbonates (Ahr, 2011). Stylolites may 

act as pores, but they are usually flow barriers because they are typically filled with 

insoluble residue material, which mainly include bituminous residue. However, 

stylolites may become open as a result of later dissolution events (Ahr, 2011). 

In this study, the investigated Eocene rocks are characterized by fractures and 

microfractures especially in the subsurface. These fractures and microfractures are as 

a result of the mechanical compaction and provide excellent porosity and 

permeability connectivity. However, in many cases these fractures are partially to 

completely infilled by calcite cement. This suggests that porosity has been negatively 

influenced by the diagenetic processes whereas meteoric and burial cementation and 

compaction reduced the porosity. On the other hand, the Eocene rocks have been 

positively influenced by dissolution, which has generated porosity whereas in some 

samples about 30% of the rock may be porous due to dissolution. 

Intercrystalline porosity has been observed within the dolomitic-limestones of 

the Jirani Formation where the porosity is fair to good. The remaining micrite has 

been selectively dissolved and generated mouldic and intercrystalline porosities, 

which were observed within the dolomitic-limestone units. The mouldic porosities 

are well connected. 

Table 7-1 represents porosity values that were obtained from thin section 

image analysis as well as point counting of some samples from different wells. These 

values were plotted and contour maps were generated showing the porosity 

distribution in the El-Bouri Oilfield (Figure 7-20). 
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The nummulitic-rich banks are the major reservoirs in the subsurface with the 

most considerable porosity especially for the nummulitic-rich grainstone-packstone 

lithofacies. Early marine diagenetic processes have caused only minor reduction in 

the primary interparticulate porosity. In the subsurface, the upper nummulitic bank is 

mainly characterized by excellent primary and secondary porosity making this part 

the best reservoir. On the other hand, the lower nummulitic bank contains low-to-fair 

secondary porosities (Table 7-1) (Figs 7-20, 7-21). The dolomitic lithofacies and the 

nummulitic-rich lithofacies form the major and the best hydrocarbon reservoir in the 

subsurface.  

In general, the major diagenetic processes that have destroyed the porosity 

are the compaction and cementation-related processes including stylolite, syntaxial 

overgrowths, drusy calcite and blocky calcite. On the other hand, the principle 

diagenetic processes that have a positive impact on the porosity and enhanced the 

nummulitic reservoir quality are the meteoric or late burial diagenesis including 

dissolution, dolomitization, and fracturing.  

 

Table  7-1: Representing the average porosity from the wells drilled in the El-Bouri Oilfield based on 
thin sections image analysis and point counting. (Note B1, B3, B5, B6, B8 were sampled by Dr. 
Minas but porosity values obtained by the author). 
 

Wells 
Geographic Metric L. 

Nummulite 
Bank % 

Up. 
Nummulite 

Bank % 

Average 
porosity 

% Longitude Latitude X Y 

B1-NC41 12°30''20.362'' 33°54'12.038'' 269354.35 3754298.64 22.2 5.8 14 

B2-NC41 12°34'10.806" 33°55'40.170" 275339.07 3756872.01 20.4 8.6 15 

B3-NC41 12°29'04.538'' 33°54'10.300'' 267404.99 3754292.63 21 8 14.5 

B4-NC41 12°39'02.581" 33°55'19.060" 282817.97 3756047.05 22 6 14 

B5-NC41 12°32'06.788'' 33°55'55.164'' 272164.91 3757409.97 30.5 9.5 20 

B6-NC41 12°36'21.226'' 33°53'47.825'' 278607.99 3753331.9 14.4 4.3 9.5 

B7-NC41 12°42'40.050" 33°55'23.840" 288406.89 3756068.08 18.6 5.6 14.2 

B8-NC41 12°27'40.979'' 33°55'10.290'' 265303.91 3756193.84 22 10 16 

C3-NC41 12°37'22.310'' 33°44'10.943'' 279766.78 3735522.025 20 11.74 15.8 

C7-NC41 12°25'41.542'' 33°40'31.951'' 261559.748 3729207.66 17 15.9 16.45 
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Figure  7-20: A contour and facies maps showing the distribution of the average porosity in the NC-41 
block. 
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Figure  7-21: A contour maps showing the distribution of the average porosity in the El-Bouri Oilfield 
only. 
 

7.5. Summary 

Detailed visual core and outcrop investigation supported by petrographic analysis of 

selected thin-sections and 30 samples for scanning electron microscopy from well 

C3-NC41 for the diagenesis purpose has revealed that three main diagenetic events 

have influenced in the Eocene rocks in northern Libya. These are early marine 

diagenesis (micritization), meteoric and early burial diagenesis (dissolution, fine 

crystalline (drusy) calcite and syntaxial overgrowths cements), and late burial 
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diagenesis (stylolites, dolomitization, late dissolution, fractures, coarse crystalline 

(blocky) calcite). 

Depositional environment and diagenetic processes are the main controlling 

factories on the variations of porosity values in the Eocene rocks. Porosity in these 

rocks is primary including intragranular and intergranular or secondary including 

both fabric-selective (intragranular, intergranular and mouldic) and non-fabric-

selective (vuggy, fractures and micro-fractures). The secondary porosity is generated 

by dissolution of aragonitic bioclasts and matrix. The best interparticulate and 

mouldic porosity values are found in the shallow larger foraminifera dominated 

lithofacies associations. However, in some cases different types of cements have 

plugged and occluded the pore spaces, which destroyed the reservoir quality.  

Porosity values range between 3% and 43% whereas the nummulitic-rich 

lithofacies of the bank settings represent the highest porosity values especially the 

rudstone and floatstones as well as in the nummulitic wackestones. The Discocyclina 

lithofacies of the fore-bank settings contains the lowest porosity values. Cementation 

and compaction during late meteoric and burial settings are the main diagenetic 

features that caused porosity reduction. On the other hand, extensive dissolution and 

fracturing were the main porosity generations and development. 

The Eocene rocks in northern Libya and the characteristics of the reservoir 

they form are highly impacted positively and negatively by different types of 

diagenetic processes. In the subsurface, Eocene carbonates have been highly 

influenced by deep burial diagenetic stages as opposed to the onshore region. The 

nummulite units in the subsurface have showed very interesting stylolite features 

dominating throughout the core intervals. 
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Chapter 8 :  EOCENE OUTCROP RESERVOIR ANALOGUE 
This chapter is established to synthesize and correlate between outcrop and core 

observations as well as to compare the nummulitic-rich Eocene carbonate rocks and 

the reservoir they form from outcrop to subsurface in northern Libya and around the 

region. Outcrop sedimentological and geometric analyses are used in order to 

interpret the subsurface nummulitic-rich reservoirs including internal heterogeneities, 

shape and size of the reservoir bodies, and sedimentary structures. 

8.1. Introduction 

Subsurface reservoir evaluation is fundamentally based on data derived from seismic 

interpretation and drilled wells data including well-logs and core descriptions 

(Flügel, 2004, Veeken, 2013). However, it is often difficult to delimitate the 

geometry and the shape of the hydrocarbon reservoir bodies in the subsurface 

because of the poor sedimentological control between wells (Garland et al., 2012). 

Seismic interpretation assists in picking the horizons that represent reservoir zones 

and mapping their distribution in the subsurface. Detailed determination of the 

reservoir properties including porosity and permeability are then defined from well 

data analyses, especially core-related data (Veeken, 2013). However, the 

heterogeneity and lateral continuity of the reservoir in the subsurface remain a 

critical problem to be understood from the seismic and well data analyses standing 

alone. Outcrop analogue studies are, therefore, necessary methods that should be 

employed as they help in the understanding and identifying stratigraphic horizons, 

internal lithofacies distributions, reservoir lithofacies architecture, heterogeneity, 

geometries and property distributions at the inter-well scale, as well as the linkage 

between depositional processes and lithofacies distribution (Grammer et al., 2004; 

Palermo et al., 2012; Veeken, 2013). 

The flow chart has been adopted in this chapter representing the criteria used 

for the reservoir modelling and characterization based on outcrop analogue 

investigations and subsurface data analyses (Figure 8-1). 
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Figure  8-1: A flow chart adopted in this chapter representing the criteria used for the reservoir-analogue modelling and characterization. 
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8.2. Outcrop-Subsurface comparisons 

A preliminary comparison between the outcrop and the subsurface successions was 

described in Imbarek (2008).A more detailed account is provided here. The Eocene 

carbonate outcrops have been compared with the Eocene carbonate rocks in the 

subsurface in order to understand the reservoir characterizations and to build-up a 

correlation between the Eocene sections in the onshore and offshore regions. Table 

8-1 summarizes the comparisons between the Eocene rocks from NW offshore and 

NE onshore Libya representing the similarities and the differences between both 

localities. This table was developed and updated from Imbarek (2008).  

Generally, both outcrops and cores are distinguished by easily recognized 

faunas, in particular the larger benthic foraminifera. The nummulitic-rich lithofacies 

is the most easily correlated lithofacies between the Eocene successions in the 

outcrops and cores. It has been noticed from the comparison table (Table 8-2) 

between the lithofacies identified at the outcrop scale and the ones recognized at core 

scale, that carbonate rocks in both areas are very similar in most of their 

sedimentological aspects. This particularly in respect of their biota components of 

larger forams and algae, coral, and echinoids. This is also reflects their interpreted 

depositional environments which are mainly based on the dominant biota of each 

lithofacies (Figure 8-5). This figure is generalizing the depositional model of the 

Eocene Carbonate lithofacies in northern Libya onshore and offshore and is mapping 

the distribution of their faunal components along the carbonate ramp.         

From the outcrop observations, the Eocene carbonate rocks are deposited in 

settings that range from lagoonal to inner-ramp, middle-ramp, and outer-ramp to 

basinal settings. This ramp was developed over paleotopographical high which 

probably controlled the geometry of the lithofacies and the reservoir they present. 

Similarly, in the subsurface the Eocene carbonate rocks are deposited in the same 

setting. In both areas the best reservoir belongs to a nummulitic-rich lithofacies that 

were developed in the middle ramp settings as it contains very good porosity and 

more specifically the nummulite tests contain excellent intra-test porosity.  

The reconstructed depositional model of the Eocene rocks in northeast area 

represents a clear similarity of the lithofacies and their lateral distribution along the 

carbonate ramps. In both localities, they form E-W lithofacies belts parallel to the 

present day shoreline. The Eocene lithofacies in both areas show a gradual vertical 

contacts and lateral interfingering, from inner, middle, outer ramp to basinal settings 
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representing an overall shallowing-upward Eocene cycle (Figure 8-5). Most of the 

sedimentary structures, sedimentological characteristics, lithologies, fossil content, 

and diagenetic features of these lithofacies that have been observed in outcrops have 

similarly been identified in the cores. The most significant difference between the 

offshore and onshore areas is the presence of the red algae and corals in the onshore 

region forming approximately 25m thick aggrading bodies. Moreover, the diversity 

of the larger benthic foraminifera and the size of the nummulite tests in onshore area 

were noticeable in comparison to the subsurface units (Figs 8-2 and 8-5). The Eocene 

successions in the onshore area are thicker than their equivalent in the offshore.  

Sedimentary structures in association with the fauna components help in 

establishing the depositional environments. Thus, determining these structures 

should contribute in the understanding of the reservoir lithofacies and their 

environment of deposition. The outcrop investigations have led to the definition of 

different sedimentary features. These features include cross-bedding, stacked 

nummulite bodies, nummulite tests imbrications, chaotic and random orientation of 

the nummulite tests as well as pocket-fill structure of the nummulite tests. All these 

features have also been recognized in the cores (Figs 8-2) (Appendix 35). This 

indicates that the Eocene rocks in both localities are deposited and controlled by 

similar conditions 

The diagenetic history of the Eocene carbonate rocks in both areas is very 

similar. These rocks have undergone diagenetic alteration from early to late in 

marine, fresh water and burial environments. Different diagenetic features have been 

recognized in both areas. However, mechanical and chemical compaction features 

including stylolites and fractures are more extensive in the subsurface than the 

outcrops. 
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Table  8-1: Comparison between the Eocene rocks from NE onshore and NW offshore Libya (modified 
and updated from Imbarek, 2008). 
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Figure  8-2: Example of core and outcrop photographs showing the similarity between the nummulitic-
rich carbonate rocks in both outcrops and subsurface. [Fr.: Fractures, St. Stylolite, Por.: Porosity, H. 
Por.: high porosity, S.R.Num. Small robust Nummulites, L.R.Num. Large robust Nummulites and 
L.F.Num.: Large flattened Nummulites, S.F.Num.: Small flattened Nummulites (Pen is 15cm) 
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Table  8-2: Summarizes the main lithofacies in both areas and comparing between the main components and the depositional environments of  these lithofacies 

Outcrop Cyrenaica Basin Subsurface Tarabulus Basin 

Lithofacies Codes Dominant components 
Interpreted 

Env. 
Lithofacies Codes Dominant components 

Interpreted 
Env. 

Mudstone 
lithofacies 

AP-LF1 
Planktic and benthic 
foraminifera, bivalves, and 
gastropods 

Outer-ramp 
to Basin 

Mudstone-wackestone  B-LF 
Echinoderms,  
planktic and  small benthic 
foraminifera 

open shallow 
ramp to open-
lagoon 

Chalk 
lithofacies 

AP-LF2 
planktic foraminifera, 
nummulite 
 

Outer-ramp 
to Basin 

Dolomite-anhydrite  J-LF1 
algae, miliolid, alveolinid, 
mollusca, and echinoderm 

restricted 
shallow 
inner-ramp 

Gastropods-
grainstone  

DR-LF1 
Gastropods, bivalves, 
nummulitids 

Inner to 
middle ramp 

Dolomitic-limestone  J-LF2 
nummulitids with few miliolids, 
algae and other fossil fragments 

Inner ramp 

Nummulitids-
wackestone-to-
floatstone  

DR-LF2 Nummulitids, orbitolitids Middle ramp 
Large  nummulitids 
floatstone  

JD-LF1 
Large Nummulites and 
echinoderms,  

Middle ramp 

Discocyclinids 
packstone-
grainstone  

DR-LF3 
Large discocyclinid, algae, 
nummulitids 

Outer to 
Middle ramp 

Large well-sorted 
nummulitids rudstone-
floatstone  

JD-LF2 
Large Nummulites,  
Molluscs,  

Middle ramp 
and extend 
into the inner 
ramp 

Red-Algal 
packstone-
grainstone  

DR-LF4 
red algae, 
nummulitids, discocyclinids,  

Inner to 
Middle ramp 

Small well-sorted 
nummulitids 
grainstone  

JD-LF3 
small Nummulites, 
echinoderms, mollusc 
 

middle ramp 

Dolomitic-
limestone 

DR-LF5 
discocyclinid and algae, with 
fewer nummulitids and 
echinoids 

inner ramp 
Poorly-sorted 
nummulitids 
packstone-grainstone  

JD-LF4 
Large and small nummulitic 
tests  

middle ramp 

Coral 
grainstone-
boundstone  

DR-LF6 corals, nummulitids, red algae 
Outer to 
middle ramp 

Orbitolitids-miliolid 
wackestone-packstone  

JD-LF5 Orbitolitids miliolid, nummulites Inner ramp 

Orbitolitids 
grainstone-
packstone  

DR-LF7 
Orbitolitids miliolid, 
nummulitids. 

Inner ramp 
Alveolinids  
wackestone  

JD-LF6 alveolinids and orbitolitids 
inner to 
middle ramp 

Echinoids-
nummulitids-
wackestone  

DR-LF8 Echinoderms, nummulitids,  Inner ramp 
Discocyclinids 
packstone-grainstone  

JD-LF7 Discocyclinids, nummulitids,  outer ramp 

    Gastropods 
wackestone-packstone  

JD-LF8 
Gastropods, echinoid, 
small nummulite tests 

lagoonal to 
inner-ramp 

    
Molluscan-rudstone JD-LF9 

bivalves and gastropods, 
nummulitic tests 

inner ramp 
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Figure  8-3: Generalized depositional model of the Eocene Carbonate lithofacies in northern Libya. It 
is mapping the distribution of the faunal components.   
 

8.3. Comparison of the nummulitic-rich deposits 
This section represents a comparison of the nummulitic-rich carbonate rocks in 

northern Libya (the Jdeir and Dernah Formations) with the nummulitic-rich 

carbonate rocks in Tunisia (the El-Garia Formation) and in Oman (the Seeb 

Limestone) (Figure 8-4). 
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In Tunisia: The El-Garia Formation has been studied by several researchers 

including Loucks et al. (1998); Racey (2001); Jorry et al. (2003) and Beavington-

Penny et al. (2004). They have proposed that this formation developed during the 

Early Eocene, which is similar in age to the Jdeir Formation in NW offshore Libya. 

Racey et al., (2001) proposed that the nummulitic-rich limestones in this field are 

deposited in shallow water-depths, resulting in the formation of nummulite shoals. 

These sediments were then reworked and transported down the dip of the platform, 

creating nummulite-banks. In Central Tunisia, Loucks et al. (1998) and 

Beavington‐Penney et al. (2005) have pointed-out that the nummulitic-rich facies 

were deposited on a gentle ramp, between the fair-weather and the storm wave base. 

The formation of nummulite banks was induced by storm wave action. Discocyclina 

facies accumulated towards the land relative to the nummulitic-rich facies and were 

described as shoal deposits. In comparison, the Discocyclina facies of the Jdeir 

Formation NW offshore Libya were deposited seawards relative to the nummulitic-

rich facies in a fore-bank to outer-ramp settings. Moreover, the inner-ramp 

lithofacies of the Jdeir Formation is represented by Alveolina and Orbitolites of 

back-bank in the well Hl-NC41. These lithofacies are absent from the El-Garia 

Formation in Tunisia.  

Jorry et al. (2003) concluded that Nummulites of the El-Garia Formation in 

Kesra Plateau, in Central Tunisia are concentrated in palaeohighs and 

nummulithoclastic-rich facies accumulated within intra-shelf depressions and/or 

within the basin. Hasler (2004) reported that the nummulitic-rich bank facies of the 

El-Garia Formation contain coarse-grained limestones with low amount of mud 

matrix, and have accumulated near the SWB. Fore-bank deposits are characterized 

by a large amount of nummulite debris. Successive storm events have probably 

contributed to successive stacking of the nummulitic-rich banks (Hasler, 2004). 

According to Racey, (2001), the porosity in the El-Garia Formation is high, ranging 

between 1 and 35%. This is because of the large amount of intraparticulate porosity 

in the nummulite tests. Permeability is fairly low, ranging between 0.01 and 

3,400md. Nummulitic-rich accumulations form the main hydrocarbon reservoir in 

Tunisia (Racey, 2001; Beavington-Penney et al., 2008).  

In Oman: The Seeb Formation developed during Middle Eocene time, which 

is similar to the Dernah Formation in NE onshore Libya. The formation was studied 

by different researchers such as Racey (1995, 2001) and Beavington-Penney et al. 
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(2006). These studies have suggested that the Seeb Formation was deposited in a 

storm-influenced carbonate ramp setting. They have noticed that this formation is 

characterized by a transgressive package of limestones about 350m thick. This 

formation is composed of associations of nummulitids including Nummulites and 

Assilina and the orthophragminid Discocyclina, alveolinids and miliolids. 

Nummulitic-rich lithofacies in this formation are dominated by packstones to 

grainstones in texture and form nummulitic-rich banks ranging in thickness between 

1 and 10m. The relief of these accumulations is low and forms a series of 

amalgamated nummulitic sheets that show a slightly convex up-ward shape. These 

banks contain B-form nummulite types that have undergone physical processes such 

as scouring and test abrasion. Porosity and permeability range from 0.7-14.5% and 8-

95mD, generally affected by diagenesis (Beavington-Penney et al., 2006). 

Nummulitic-rich accumulations form the main form hydrocarbon reservoir in Oman 

(Racey, 2001). 

 
Figure  8-4: Maps showing the localities of the nummulitic-rich deposits (A) Location map of the Kesra Plateau, 
Central Tunisia and Hasdrubal Oilfield (Blue squares) (from Jorry et al., 2003), (B)Location map of NE Oman 
showing the location of nummulitic-rich deposits (from Beavington-Penney, et al., 2006). 
 

8.4.  Reservoir-Outcrop Analogue 
The advantages of outcrop analogue studies are the investigation of 2D-3D and 

large-scale sedimentary and structural features in comparison to1D information 

derived from core analysis (Howell et al., 2014). The appropriate selection of the 
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reservoir outcrops analogues is based on the identification of the subsurface 

sedimentological data of the oil fields including the depositional conditions (Howell 

et al., 2014). Moreover Clark and Pickering (1996) have pointed-out that the most 

suitable outcrop analogues should be geologically similar to the subsurface 

hydrocarbon-bearing units and covering a large area that allows a clear capture of the 

heterogeneity of the studied interval. However, Grammer et al., (2004) have 

concluded that it is impossible to find a perfect outcrop analogue for a specific 

reservoir. Carbonate reservoir quality and characterization is normally variable 

because of their heterogeneity (Lucia, 1999; Moore, 2013). Accurate interpretation 

and prediction of the architecture of reservoir heterogeneities in the subsurface scale 

can be achieved from detailed observations of the reservoir characterization at 

suitable outcrop analogues.  

In this study, continuously and well-exposed Eocene successions of Ras Al-

Hilal Group in NE onshore Libya have been selected as analogues for the Eocene 

sections in the subsurface of NW offshore Libya. These outcrops are very 

appropriate to study the subsurface reservoirs, as they are sedimentologically 

comparable (Tables 8-1 and 8-2). In addition, their continuity and good exposure 

allows a detailed lithofacies architecture, heterogeneity, and reservoir geometry to be 

detected. In this study, two types of potential reservoirs have been identified 

including: 1) the stacked nummulitic-rich intervals, which have been deposited 

tangentially to the coastline, and 2) the porous dolomitic-limestone beds, which 

contains dissolved nummulite tests. 

Based on the field observations and lithofacies analysis, the nummulitic-rich 

limestones of Dernah Formation accumulated as nummulitic-rich banks and 

developed in the middle parts of the carbonate ramp. Geometrically, these banks are 

shaped as lenticular carbonate bodies with a considerable vertical thickness of about 

40 meters to the south and decreases toward the north to about 10m in height 

indicating that the shape of the sedimentary body is lenticular (Table 8-3) Figure (8-

5). It is approximately 2 to 4 kms wide in a south-north direction toward the basin 

and >15 kms lateral extent in an east-west direction forming an excellent potential 

reservoir analogue (Figures 8-5, 8-6). The nummulitic-rich lithofacies was 

encountered along most of the measured sections in an E-W direction, suggesting a 

well-organized belt parallel to the shoreline as shown on the constructed map based 

on GPS data collected during the field trip (Figure 8-5). 
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Figure  8-5: 2D contour map and 3D surface map of the onshore area of NE Libya was recontracted based on GPS collected data (Appendix 43). The two maps are showing 
the distribution of the Eocene reservoir analogue units along the northern flank of the Al-Jabal Al-Akhdar up-lift whereas the Eocene nummulitic-rich unit is thickening 
toward the east. (White lines represent the major four measured sections). 
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Figure  8-6: Expected petroleum system, facies, and reservoir characteristics- outcrop analogues for subsurface reservoir characterization, NE Libya (modified and updated 
from Imbarek, 2008).
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Table  8-3: Representing dimensions of the nummulite geobodies at outcrop scale  
Nummulite Geobodies Dimensions 

Vertical thickness Width (South-North) Lateral (East-West) 

~ 40 m high to the south 
and decreases toward the 

north to about 10m in 
high. To the east it is about 
20m high and to the west 

it increase measuring 
about 60m. This indicates 

that the shape of the 
sedimentary body is 

lenticular. 

 Range from 2 to 4 kms >  15 kms 

 
In the subsurface of the Tarabulus Basin, nummulitic-rich bodies were 

observed and form the main hydrocarbon reservoirs (Hallett, 2002). Core description 

of the selected wells has shown that the nummulitic-rich lithofacies are organized in 

an east-west lithofacies belt parallel to the shoreline. The principal reservoir bodies 

which are crossed by most of the drilled wells in the subsurface are represented by 

two lenticular nummulite banks. These nummulitic bank dimensions are similar to 

the observed banks at outcrop, reaching about 3 kilometres in width. Laterally, these 

banks pass into more restricted lithofacies toward the south and interfinger with 

deeper lithofacies in distal settings northward. 

In the outcrops, each lithofacies was observed and traced horizontally. The 

individual lithofacies along most of the described sections showed distinctive 

differences including the lithological textural, fauna component, porosity values and 

types. These lithofacies are stacked on top of one another and represented an overall 

shallowing upward trend. Similarly, in the subsurface of the Tarabulus Basin and 

based on core analysis, the Eocene lithofacies represent an overall shallowing 

upward trend. The major and the most distinctive lithofacies in both areas is the 

nummulitic-rich lithofacies.  

The Eocene Nummulitic-rich rocks are correlated and can be traced across 

northern Libya and also in the subsurface of the Sirt Basin in the central part of 

Libya. It has also been reported that some discoveries were made in the Sirt Basin 

producing oil and gas from a nummulitic-rich unit of the Eocene Gialo Formation 

(Figure 8-7). This formation is very similar to the Jdeir Formation in terms of the 

lithology and their fauna contents (Swei and Tucker, 2015). 
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Figure  8-7: The nummulitic-rich hydrocarbon reservoir interval from the outcrops in Cyrenaica Basin in NE onshore Libya represented by Dernah Formation to the subsurface of the Sirt Basin in the central part of Libya represented by Gialo Formation and 
extended into the subsurface of the Tarabulus Basin in NW offshore Libya. Photographs showing the oil saturated nummulitic-rich interval in the offshore and the high porosity interval in the onshore (Pen is 15cm). 
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8.4.1. Stratigraphic boundaries from onshore to offshore 
 

Three main stratigraphic boundaries can be recognized that help correlation between 

the Cyrenaica outcrops and the Tarabulus subsurface (Figure 8-8) which are: 

1. Late Cretaceous-Early Eocene unconformity: In Cyrenaica Basin, the Palaeocene 

beds are not present and the Eocene deep water lithofacies of the Apollonia 

Formation prograded on the Cretaceous rocks unconformably where as in the 

Tarabulus Basin the Eocene Bilal Formation was deposited conformably on the 

Paleocene Al-Jurf Formation. 

2. The Ypresian-Lutetian Contact is represented by sedimentary hiatus estimated 

about 3 million years (El-Hawat, 2004). This is marked by a distinctive thin 

(~30Cm) glauconitic-rich bed. It is followed by a slumped unit which is rich with 

large nummulite tests of Dernah Formation into the Apollonia Formation. This 

might represent the reworking of nummulite bank facies into deeper water 

settings as shown in Wadi Al-Athrun section (Figure 5-13). In the Tarabulus 

Basin, the area was probably emergent during the Lutetian, the Ypresian/Lutetian 

boundary being a response to a relative sea level drop, resulting in the deposition 

of the Jirani Dolomite (Sbeta, 1990).  

3. Eocene/Oligocene unconformity: is represented by the development of a 

palaeosoil and terra rossa surface which was encountered along Dernah-Qubah 

section in Cyrenaica Basin, where the Oligocene Al-Baydah Formation is 

unconformably overlying the Eocene rocks (Figure 5-20). In the Tarabulus Basin, 

the Oligocene is known as Dirbal Formation, which is characterized by bryozoan 

reefs (Sbeta, 1991).  
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Figure  8-8: Schematic diagram showing the major stratigraphic boundaries in the outcrops and correlated to the subsurface in northern Libya (inspired by Jorry et al., 2003). 

1.5cm 

2m 

15cm 
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8.4.2. Stratigraphic Architecture 
The outcrop-based geological model of the Eocene carbonate rocks shows that they 

have been deposited on a gently northward dipping carbonate ramp and the 

lithofacies are distributed laterally from north to south ranging from outer, middle 

and inner ramp. In general, the Eocene carbonate successions of the carbonate ramp 

in northeast Libya are distinguished by high-resolution correlation and mapping of 

laterally and vertically continuous units. These successions are a composite of a 

shallowing-upward super-sequence of outer-ramp mudstone and chalk lithofacies of 

the Apollonia Formation overlain by aggradational middle-ramp-to-inner-ramp 

lithofacies of Dernah Formation capped by the Oligocene-Eocene unconformity. 

Lateral and vertical lithofacies variability reflects environmental and/ or depositional 

controls including the water depth and accommodation trends. The identified 

lithofacies have shown a landward and seaward shift in both localities as shown by 

the proposed depositional models. This is represented by coarse-grained nummulitic-

rich limestones and fine-grained mudstones. Mudstone lithofacies with scattered 

nummulite tests dominated the outer-ramp representing large-scale prograding 

clinoforms. Nummulite accumulations represent a successive progradation of 

nummulitic-rich carbonate ramp where the lenticular shape of the nummulite banks 

were developed (Figure 8-9). In the subsurface, the Eocene lithofacies also range 

from basinal to carbonate-ramp and to restricted lagoonal from north to south, similar 

to the Eocene outcrop. 

At outcrop scale, the stratal architecture is a stacked shallowing-upward 

sequences that prograded northward. This pattern is particularly conspicuous in the 

nummulitic-rich lithofacies, which have accumulated in shallow water conditions. 

This situation is applicable to the nummulitic-rich lithofacies in the subsurface where 

an overall shallowing-upward pattern is observed. The described stratigraphic 

sections along the predicted reservoir analogue of the nummulitic-rich Dernah 

Formation extend over an area of 100km length in an E-W direction and about 15km 

width in an N-S direction. These sections have shown that the lithofacies of Dernah 

Formation change dramatically laterally from east to west and north to south. 

Moreover, the Eocene mudstone and chalk lithofacies of Apollonia Formation have 

been shown to die-out southward while they represent a very thick section northward 

along the shoreline. The Eocene successions in the western portion in general are 

thicker than the eastern portion of the study area.  
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Figure  8-9: Field panorama view showing good examples of a large-scale lenticular-like nummulitic-rich carbonate bodies. These bodies are the best reservoir analogue 
for the subsurface. (A) Near Susah City and Dernah cities. (B) West of Dernah City (notice the large vugs which in places developed to caves), (C) at Ain Al-
Dabusseyah area, (D and E) East of Dernah City (D & E photos are from Imbarek, 2008) (Car is 4m in length & 144cm height) . 
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8.5.  Hydrocarbon potential in the study area 
This section addresses the hydrocarbon potential in both localities. Particular 

attention has been given to the Eocene petroleum system in the study area. Field-

work and core analyses have allowed the recognition of the main elements of the 

Eocene petroleum system. The hydrocarbon potential is described in terms of source 

and reservoir rocks, migration, seals and trapping mechanism. Petroleum systems in 

NW offshore Libya has been briefly introduced in Imbarek (2008) and are 

considered in more detail here.  

8.5.1. Hydrocarbon Potential in NE Onshore Region: 
Reservoirs: Different reservoirs have been discovered during the early hydrocarbon 

exploration in the region. Some of these reservoirs contain commercial amounts of 

oil and gas and have already been producing (Hallett, 2002). Other excellent 

reservoirs can be considered as of great potential for hydrocarbons including the 

highly porous nummulitic-rich Eocene Dernah Formation (Figures 8-6 and 8-7).  

In the subsurface of northeast onshore Libya, Paleogene-Neogene 

hydrocarbon bearing reservoirs have not been encountered with the exception of the 

non-commercial oil shows found in the Eocene section in the southern portion of the 

area (May, 1991 and Hallett, 2002). The Eocene Dernah Formation; which is mainly 

made-up of shallow water carbonate rocks are characterized by larger foraminifera 

with high porosity and lateral/vertical continuity is considered to have an excellent 

hydrocarbon reservoir potential. Similar accumulations have formed the main 

hydrocarbon reservoir in the offshore of northwest Libya as well as in the subsurface 

of the Sirt Basin in the central part of Libya (Ahlbrandt, 2001) (Figure 8-7).  

Source Rocks: The Lower and Upper Cretaceous rocks are mainly made up of thick, 

fine-grained shales and marls of deep basinal marine environment. These sediments 

have been considered to be potential source rocks in the subsurface of the northeast 

region (Figures 8-6 and 8-10). Most of the discovered hydrocarbons in the Eastern 

Mediterranean sea were generated from source rocks belonging to the Upper 

Cretaceous (May, 1991). The current study has considered the thick mudstones and 

chalk limestones of the Eocene Apollonia Formation of the outer-ramp environment 

the main potential source rocks.  

No major oil and gas finds have yet been made in the region of NE Libya, 

which might be related to the lack of source rocks and ineffective seals. However; 

based on petroleum geochemistry analyses, n a number of potential source rocks of 
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marine origin were identified in the area (Hallett, 2002 and Hassan 2010). These 

includes: 

1. Silurian Tanezzuft shale (an average TOC of 1.11% with type II, oil-prone 

kerogen.); 

2. Devonian and early Carboniferous sequences: they contain thick units of 

organic-rich shales with TOC values ranging between 1% to 2% with type III 

gas-prone kerogen, and that reached the peak of hydrocarbon generation in 

the Tertiary with the oil generative window between approximately 6860 and 

12190 ft. These source rocks entered the oil generation zone during the late 

Cretaceous and peak generation occurred during the Cenozoic. 

3. Jurassic rocks that contain organic shales, but are immature.  

4. Marine Jurassic and early Cretaceous rocks which contain thin shales with 

moderate organic content. 

5. The organic-rich shales of the Upper Cretaceous, Palaeocene and lower 

Eocene. The Upper Cretaceous shales show TOC values between 1% and 3% 

and the kerogen is type II and type III. In the Cyrenaica Basin the depth to the 

oil window is around 2200m, peak generation at 3000m and base of the oil 

window at 4000m. The Cretaceous section is still in the early mature phase. 

Unfortunately, the organic rich zones are thin. The Late Paleocene-Lower 

Eocene Antlat shales contain 1 to 8% TOC. It appears likely that the oil found 

in the Eocene reservoirs in the Ash Shulaydimah Trough is hybrid oils from 

upper Cretaceous, Eocene and possibly Palaeocene source rocks. Figure 8-11 

was re-drawn from Hassan (2011) and shows the burial history for the 

Antelat shale which was built up using the stratigraphic record of south-

western Cyrenaica. The model showed that the Antelat Formation is buried 

deeper (Figure 8-11) and expected to be marginally mature for hydrocarbons 

in the south-western part of Cyrenaica, indicating mainly oil with some gas 

generation. This confirms that the Antelat rocks, as potential sources, have 

been hydrocarbon generative since the Middle Miocene and started oil 

expulsion that increases with time and reached to 350-400 mg/g TOC through 

to the present day (Figure 8-11) (Hassan, 2011).  

6. The Devonian shales represented the best potential source rocks in Cyrenaica, 

with good Cretaceous and possibly younger potential rocks.  
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Seals: The Eocene dolomite, evaporites (mainly gypsum) and the Oligocene marls of 

the Al-Baydah Formation form potential seal rocks (Figures 8-6 and 8-10). The 

evaporites are locally observed along the Shahat section as scattered lenses of 

gypsum. The Shahat marly member of the Al-Baydah Formation extends widely in 

the study area from east to west and north to south and it measures 20m in thickness.    

Traps: Three types of traps have been categorized for the petroleum systems in the 

study area including structural, stratigraphic or combined traps. Structural traps are 

characterized by fault controlled anticlines (May, 1991). The Al-Jabal Al-Akhdar 

Uplift could form potential structural traps. Stratigraphic and combination traps are 

also present. For example, Lower and Upper Cretaceous units are truncated by 

younger Palaeogene-Neogene rocks. If the truncating beds are impermeable, that will 

provide good cap rocks. 
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Figure  8-10: Schematic diagram simplified the main elements of the petroleum system in Cyrenaica 
Basin along with the stratigraphic section from Upper Cretaceous to Oligocene. 
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Figure  8-11: burial history of NE Libya (Re-Drawn after Hassan 2010). The plot illustrates that 
Antelat Formation attend maturity during Miocene and started oil expulsion that increases with time 
and reached to 350-400 mg/g TOC.  
 
 

8.5.2. Hydrocarbon Potential in NW Offshore Region 

Drilled wells information, seismic reflection data, and available geological reports by 

Hammuda et al. (1985); Bishop (1988); Worsley (2000), Rusk (2001), Hallett (2002) 

and Imbarek (2008) have provided information regarding the petroleum system in the 

offshore region of northwest Libya. Late Paleocene to Early Eocene carbonate rocks 

are the main producing units in the Al-Bouri Oilfield which is located in the central 

portion of the Tarabulus Basin. Oil and gas were discovered in different types of 

traps including structural and stratigraphic traps. The Late Cretaceous to Early 

Paleocene organic-rich shales are the principle source rocks in the basin (Figure 8-

12). In Imbarek (2008), the Farwah petroleum system was briefly introduced. The 

following sections present the main elements of the petroleum system in NW 

offshore Libya.  

Reservoirs: The principle hydrocarbon reservoirs in the offshore Tarabulus Basin 

belong to the carbonates of the Eocene Farwah Group. The most porous and 
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predictive interval is the nummulite rich horizons which are characterized by 

excellent porosity values which have been increased by the diagenetic processes. 

Dolomitic limestones of the Jirani Formation have also been considered as a good 

reservoir with good porosity (Figs 8-12, 8-13). The principal reservoir is the lower 

Eocene nummulitic carbonate, which contains 80% of the offshore hydrocarbons so 

far discovered. The lower Eocene reservoirs form part of the Farwah Group. 

Source rocks and Hydrocarbon generation: The Cretaceous Bu-Isa and the 

Paleocene Al-Jurf shales are the main source rocks in the Tarabulus Basin (Rusk, 

2001, Klett, 2001 and Imbarek, 2008). The organic-rich shales of the Paleocene to 

Eocene Al-Jurf Formation have probably been buried during rapid subsidence. This 

subsidence event perhaps occurred in Oligocene-Miocene times, which brought the 

Al-Jurf source rocks to the greatest burial depth for hydrocarbon production. 

Moreover, the Eocene intra-reservoir source rocks are excellent source rocks (Figs 8-

12, 8-13). These rocks contain well-laminated, bioturbated layers including some 

nummulithoclastic units associated with organic-rich zones observed in some of the 

cored-wells. The Cretaceous black limestone contains an average 3.9% TOC rising to 

a maximum of 8%. In Tunisia as the Bou Dabbous Formation which represents the 

deepwater equivalent of the Farwah Group (Bilal Formation) (Figure 8-12). It 

contains amorphous Type II marine kerogen with TOC values between TOC of 1–

10% (Hallett, 2002).  

The burial history curves by Mriheel (2000) suggest that oil generation began 

in the Early Miocene with peak generation in the Late Miocene (Figure 8-14). The 

depth to the oil window in this area varies from 1800m to 1900m for early mature to 

2500m to 2600m for peak oil generation, and 3500m for the base of the oil zone. 

Mriheel’s model shows that oil generation started at ~30 Ma, which is about Late 

Oligocene from the Al-Jurf formation (Late Cretaceous-Palaeocene) source rocks in 

the centre of the Basin. The burial history model represents a time gap between the 

formation of the reservoir and the hydrocarbon generation which is estimated 

approximately 35Ma or more (Mriheel, 2000).  

Mriheel (2000) also noticed that at the flanks of the basin and nearby the 

nummulitic-rich banks, the hydrocarbon generation did not start until the middle 

Miocene which is ~15 Ma and is still ongoing until the present day.  Mriheel (2000) 

reported that hydrocarbon inclusions are not present in the cements because of the 
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long gap between the time of hydrocarbon generation and the time of deposition of 

the early Eocene reservoir rocks.  

Migration: Hydrocarbon migration pathways can be inferred based on the potential 

source and reservoir depths that have been observed along the seismic profiles and 

from well data. The expected hydrocarbon migration routes can be referred to the 

dip, tectonic disruption and fault types. 

Seal: Eocene shales of the Harshah and Ghalil Formations are seals for the Eocene 

nummulitic reservoirs of the Jdeir Formation  (Hallett, 2002) (Figs 8-12, 8-13). The 

thickness of the Harshah Formation is 361m in well Fl-NC-41 to 143m in well Gl-

NC 41, but the average thickness is about 230m. The Ghalil Formation measures 

190m at Bouri, 116m at El-NC 41, 85m at Cl-NC 35a and 72m at Al-NC 35a. 

Moreover, the main faults might have juxtaposed differently aged strata against each 

other along the fault plane which with time might provide impermeable fault gouge 

material to form and prevent lateral migration (Harding and Lowell, 1981). The 

vertical leakage along the fault planes could be an issue as they proved permeability 

pathways especially where these faults penetrate the seals into shallower reservoirs 

with no good cap rocks. Faults are also associated with fractures that might cause 

additional migration.  

Trapping mechanisms: The trapping mechanisms are mostly stratigraphic and 

structural or a combination of both styles (Harding and Lowell, 1981). Structural 

highs that were generated either by tectonic compressional events or by the salt 

movements have been considered the most important traps. These structural highs 

have been drilled and are producing oil and gas. Moreover, some stratigraphic 

features have been recognized and identified as good potential hydrocarbon traps. 

Structural traps: The most pronounced and producing structural highs are located 

in the central part of the Tarabulus Basin particularly in the Al-Bouri structure where 

a series of salt-cored anticline folds are present. Moreover, in the NC-41 block and 

along the seismic sections several faulted folds have been recognized (as shown in 

chapter 4) which form promising prospects. There is always a huge risk drilling 

fault-controlled structures especially if the faults have penetrated the whole section 

and might have reactivated which will cause a hydrocarbon escape and will not 

permit hydrocarbons to be trapped against the fault plane. In some places along the 

south-north direction of the seismic sections, the presence of horst and graben 
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structures is considered as good promising targets for hydrocarbon exploration and 

drilling. Tilted fault block traps are also found.  

Stratigraphic traps: Several stratigraphical features in the subsurface have been 

recognized along the seismic sections. Nummulitic banks have been developed at the 

top of the pre-existing highs and are considered to be stratigraphic traps. Pinch-out 

features, onlapping between the base Paleogene-Neogene and the Lower Jurassic 

evaporite and downlapping terminations have also been recognized. Any porous 

lithofacies that pinch out laterally may be a stratigraphic trap especially if tilted 

(Figure 4-19).  
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Figure  8-12: Schematic diagram simplified the main elements of the petroleum system in Tarabulus 
Basin along with the stratigraphic section from Paleocene to Eocene. 
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Figure  8-13: Core samples showing the main oil-bearing unit of the nummulitic-rich carbonates. This 
diagram simplified the main petroleum system in the offshore including the reservoir and the seals. 
 

 
Figure  8-14: burial history and hydrocarbon windows model in B2-NC41 in the Tarabulus Basin (Re-
Drawn and modified after Mriheel, 2000). The plot uses a constant geothermal gradient. The Eocene 
source rocks, which belong to Farwah Group, have entered the oil window in the late Miocene. 
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8.6.  Summary 

The Eocene outcrops in the onshore region of northeast Libya are excellent 

analogues to investigate the nummulitic-rich accumulations that form the main 

hydrocarbon reservoirs in the subsurface of the offshore region of northwest Libya. 

These outcrops have provided a very good opportunity to observe the 

sedimentological characteristics of these rocks. The shape, distribution, 

heterogeneity, and continuity of the reservoir bodies have been identified, mapped 

and illustrated. The Eocene nummulitic-rich outcrops and the Eocene nummulitic-

rich cores are very similar in terms of their depositional conditions, lithologies, 

fossils, diagenesis history, porosity and permeability.  

Several important findings have been achieved including: (1) Eocene 

Carbonate successions in NE onshore Libya are appropriate outcrops to study the 

reservoir and lithofacies characteristics. (2) The nummulitic-rich accumulations in 

outcrops have been found as lens-shaped carbonate banks in the middle ramp setting. 

These bodies are laterally extensive. (3) Porosity of the nummulitic-rich 

accumulations ranges from good to excellent (20-25%). (4)The reservoir unit is 

laterally continuance with good thickness. (5) Such units form promising potential 

hydrocarbon reservoirs if they have been buried deep enough with presence of good 

source rocks.  

The Eocene rocks in the onshore area form excellent reservoirs where 

nummulite dominated sediments are deposited containing very good porosity and 

have undergone different types of diagenetic processes that have increased the 

quality of these reservoirs. The vertical and lateral continuity, geometry, and 

architecture of these nummulitic bodies are significant to form a potential 

hydrocarbon reservoir. In terms of the source rocks, Cretaceous, and Cenozoic 

organic rich shales and carbonate formed potential source rocks. Reservoirs are 

sealed by impermeable evaporites. Different types of traps have been recognized in 

the region. These traps include fault-related anticline structural traps and 

stratigraphic traps represented by the truncation of the Cretaceous beds by Cenozoic 

beds.
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Chapter 9 : CONCLUSIONS, RECOMMENDATIONS 
 

This chapter presents the main outcomes and conclusions from this study of Eocene 

carbonate rocks in northern Libya. This includes seismic and well data as well as a 

sedimentological data including core (offshore) and outcrop (onshore) investigations.      

9.1. Conclusions 
 

This study involved sedimentological and geophysical analyses of the Eocene 

carbonate rocks in northern Libya to improve and obtain a better understanding of 

the depositional history and salt tectonics in Tarabulus Basin, and the petroleum 

geology of the Eocene rocks. The Eocene rocks form the major hydrocarbon 

producing reservoirs in the subsurface of the Tarabulus Basin, particularly the 

nummulitic-rich unit of the Jdeir Formation. The nummulitic-rich lithofacies was 

deposited as carbonate banks at the top of pre-existing highs within the middle 

portion of the Eocene carbonate ramp. The Eocene carbonate rocks include a variety 

of larger benthic foraminifera representing different types of lithofacies, which 

include fair to excellent porosities. These lithofacies have a widespread distribution 

along the carbonate ramp in inner, middle, and outer ramp settings and have been 

influenced by different types of diagenetic processes. These diagenetic processes 

have affected the reservoir characteristics and the lithotypes in positive and negative 

ways.  

The onshore area has not been completely explored and it is believed that the 

Eocene nummulitic-rich accumulation would form excellent hydrocarbon reservoirs 

if they were buried deep enough and organic-rich source rocks were present. Detailed 

interpretation of several seismic lines has been devoted to investigate the salt 

tectonics phenomena in the offshore region, which has not received much attention 

previously. Salt movements, distribution, shape and morphology, style, and its 

influence on the overlying sediments and the hydrocarbon reservoirs have been 

observed. The results and conclusions of this study will be categorized and addressed 

according to the proposed objectives.  

9.1.1. Salt Phenomena and Tectonic Activity 

Salt tectonics in the study area has been mainly investigated by interpreting a large 

number of seismic lines. Salt accumulations in the Tarabulus Basin are shallow water 

evaporites deposited in a shallow basin represented by different types of salt 
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structures as seen along the seismic profiles. These structures are salt diapirs, salt 

walls and salt pillows. Salt-diapirs are the most distinctive structures that have been 

easily distinguished from the seismic lines. These diapirs form and cored a series of 

anticline folds and highs that are favorable for nummulitids to develop on as 

nummulitic-rich banks. Salt-cored folds have influenced the overlying stratal 

thickness with thinning at the top of these highs and thickening at the flanks. Salt 

diapiric structures were mainly observed along most of the seismic sections in the 

western margin of the basin. These salt structures are related to the Upper Triassic-

Lower Jurassic evaporites, which have probably started to move during the Upper 

Cretaceous (Cenomanian/Turonian).  

According to the seismic interpretation, several seismic profiles crossing the 

salt domain confirm that the salt walls, salt diapirs, and salt pillows occurred during 

different stages of salt piercement. In this study, the salt structures are related to 

halokinetic and halotectonic movements of the Triassic salt. It is been concluded that 

the salt firstly developed in respond to halotectonic processes during the Cretaceous 

compression and then deformed in response to halokinetic forces that were applied 

by the overburden sequences. This is supported by the thinning of the packages on 

the top of the salt and thickening on the flanks as it receives more sediment.  

The salt migration occurred from the eastern part to the western part of the 

study area, under the overburden of the thick sediment sequences in the eastern part. 

An E-W trend is dominant in salt structures trends in the study area. This trend is 

compatible with the major tectonic elements in the area. The main tectonic trends in 

northwest offshore Libya are:  

(1) An east-west salt tectonic trend associated with a major faulting,  

(2) A major west-east coastal fault system, (southern part), sub-parallel to 

the Jifarah fault system, and  

(3) A thick (Upper Cretaceous / Tertiary) sediment trend, (eastern part), 

which represents the thickest part of the study area. 

Generally, the study area is characterized by W-E to WNW-ESE salt tectonics and 

fault system trends (in the Late Triassic-Early Jurassic and Mid-Upper Cretaceous), 

which were sub-paralleled to the Jifarah fault system (Permian-Triassic age). Salt 

structures have significantly influenced and deformed the overlying sediments in the 

region. Finally, salt-related structures and salt tectonic activities have formed 
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significant hydrocarbon traps, which were the main targets for oil and gas 

exploration in the offshore region. 

9.1.2. Outcrop-Subsurface Lithofacies Analysis 
Diversity of lithofacies has been recognized in the Eocene carbonate rocks in the 

Tarabulus and Cyrenaica Basins. These lithofacies were initially introduced in 

Imbarek (2008). However, a re-classification and re-interpretation of these lithofacies 

have been established in more detail in this study. Their stratigraphic position has 

been re-arranged and accordingly their depositional settings have also been modified. 

The Eocene lithofacies were deposited in different depositional settings based 

on their fossil and sedimentological characteristics. The nummulitic-rich lithofacies 

in both regions is the most distinctive lithofacies and are considered the best 

reservoir lithofacies because they contain high porosity and permeability. The 

nummulitic bodies are characterized by very good lateral and vertical continuity that 

make them the best units to form the reservoirs. The Eocene nummulitic-rich 

carbonate accumulations form very significant hydrocarbon reservoirs in the offshore 

Tarabulus Basin in northwest offshore Libya where they produce oil and gas. Similar 

nummulite rich units in many other places around the world are also known as good 

hydrocarbon-bearing units.  

Ten lithofacies have been distinguished from detailed outcrop-based 

sedimentological investigations. These lithofacies were used to reconstruct a 

depositional model. These lithofacies represent a range of settings including basinal-

to-slope, ramp, and lagoon. The larger benthic foraminifera, very abundant in the 

Eocene rocks in the study area, have mainly dominated the ramp settings across inner 

to middle and outer ramp. The morphology and the size of the LBF were excellent 

environment indicators of these lithofacies. The changes of the LBF tests shape and 

size represents their tolerance and adoption to the light intensity because of the water 

depth and water turbidity. The tests increase their size to enlarge the surface area and 

be able to receive more light for nutrition processes. These criteria have helped in the 

identification of the shallow and deep water setting of the lithofacies. For instance, 

small and flattened tests could indicate deep water settings with less light intensity or 

a shallow water with high turbidity where light intensity is very low.        

Two lithostratigraphic units including the Apollonia and Dernah Formations 

represent the Eocene outcrops. The Apollonia Formation is mainly made up of: (1) 

Mudstone lithofacies (AP-LF1) and (2) Chalk lithofacies (AP-LF2). These two 
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lithofacies have been assigned to outer-ramp and basinal settings based on their fossil 

components and their sedimentological features.   

The Dernah Formation is represented by a diversity of lithofacies according 

to the dominant fossils and were deposited mainly in an overall shallowing-up trend 

from outer, middle and inner ramp settings. These lithofacies are: (1) Gastropods 

grainstone lithofacies (DR-LF1), (2) Nummulitid wackestone-to-floatstone 

lithofacies (DR-LF2), (3) Discocyclinid packstone-grainstone lithofacies (DR-LF3), 

(4) Red-algal packstone-grainstone lithofacies (DR-LF4), (5) Dolomitized-Algal-

Nummulitic lithofacies (DR-LF5), (6) Coral grainstone-boundstone lithofacies (DR-

LF6), (7) Orbitolitid grainstone-packstone lithofacies (DR-LF7), and (8) Echinoid-

nummulitids wackestone lithofacies (DR-LF8). The most distinctive and widely 

distributed lithofacies is the nummulitic-rich lithofacies of the Dernah Formation, 

which have been encountered along most if not all of the measured sections. 

The visual core description and petrographic analyses of the Eocene 

carbonate rocks along several cored wells in the Tarabulus Basin have resulted in 

dividing these carbonate rocks into twelve lithofacies, which belong to three 

formations including the Bilal, Jirani, and Jdeir Formations. The Bilal Formation is 

represented by a single lithofacies, which is Mudstone-wackestone lithofacies (B-

LF). The Jirani Formation is composed of two lithofacies including (1) Dolomite-

anhydrite lithofacies (J-LF1) and (2) Dolomitic-limestone lithofacies (J-LF2). 

The Jdeir Formation is built-up of the highest diversity lithofacies as it 

composed of a variety of fossils represented mainly by a wide range of LBF, 

mollusca, and echinoderms. These lithofacies were deposited in an overall 

shallowing-up trend. These lithofacies are: (1) Large nummulitids floatstone 

lithofacies (JD-LF1), (2) Large nummulitids rudstone lithofacies (JD-LF2), (3) Small 

well-sorted nummulitids grainstone lithofacies (JD-LF3), (4) Poorly-sorted 

nummulitids packstone-grainstone lithofacies (JD-LF4), (5) Orbitolitids-miliolids 

wackestone-packstone lithofacies (JD-LF5), (6) Alveolinids wackestone lithofacies 

(JD-LF6), (7) Discocyclinids packstone-grainstone lithofacies (JD-LF7), (8) 

Gastropods wackestone-packstone lithofacies (JD-LF8), and (9) Molluscan rudstone 

lithofacies (JD-LF9). These lithofacies represent a shifting belt of depositional 

environments ranging from open marine basinal settings, outer-ramp, middle ramp 

(Fore-bank, Bank, Back-bank), inner-ramp, and lagoonal environments. 
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The distribution of these lithofacies was probably controlled by the geometry 

of a gently inclined carbonate ramp dipping toward the north and northeast as shown 

in the reconstructed depositional models. The main distinctive lithofacies is the 

nummulitic-rich lithofacies which have been encountered by most of the cored wells 

and it occupies the upper parts of these wells with thickness of ~ 79m in the northern 

parts and it measures ~ 29m in the southern parts and ~ 23m towards the northeast.  

9.1.3. Depositional model, diagenesis and reservoir quality 
The Eocene carbonate rocks in northern Libya, offshore and onshore are 

characterized by a wide range of lithofacies consisting of different types of fossils. 

According to the sedimentological and paleontological characteristics of these 

lithofacies, the Eocene carbonates have probably been deposited on a “larger benthic 

foraminifera-dominated carbonate ramp system” ranging from inner to middle and 

outer ramp settings. This ramp is gently dipping and passes into basinal conditions 

toward the north with no slope attached to the ramp. The recognized lithofacies were 

deposited mainly between the FWWB and the SWB but occasionally below the 

normal SWB or landward of the FWWB. 

From an overall picture, the Eocene outcrop successions in northeast area 

represent decreasing mud content up-sequence, which indicates an upward 

shallowing and increasing of the depositional energy of the prograding nummulitic 

accumulation complex of Dernah Formation. Moreover, this formation is 

distinguished by chaotic and random orientation of the nummulite tests and poor 

sorting suggesting low-energy conditions. However, the broken nummulite tests, 

grain supported textures and the small-scale cross-bedding suggest that these 

accumulations were reworked, winnowind by storm activity in high water energy 

settings. 

In both regions, a relative sea-level rise during the Early Eocene started from 

the north and then advanced toward the south on-lapping the Paleocene and the 

Upper Cretaceous units. This event then was followed by relative sea-level fall 

during the Middle and Late Eocene. This event resulted in accumulation of restricted 

shallow water shales, limestone and evaporite. Toward the north, the shallow water 

sediments pass into basinal rocks containing shales, marls and mudstones. 

Diagenetically, the Eocene lithofacies have been influenced and modified by 

similar diagenetic processes from early to late diagenetic stages. These processes in 

their relative timing are micritization, dissolution, cementation, mechanical and 
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chemical compaction, dolomitization, late dissolution, and fracturing. The 

micritization represented as a rim along the bioclastics forming micritic envelopes or 

as a matrix. Dissolution events evidenced by the presence of high mouldic and vuggy 

porosity as unsaturated fluids dissolved the less stable material such as the aragonite. 

The cementation processes have been noticeably observed in the Eocene rocks, are 

occurred during early marine and late burial diagenetic events. Cementation could be 

related to the dissolution events as the fluids become oversaturated by depth and 

cause cementation. The main types of cements are equant, drusy, syntaxial 

overgrowths, and coarse blocky calcite. The mechanical and chemical compactions 

have also affected the Eocene rocks in the study area. Mechanical compaction has 

occurred right after deposition, continued until deep burial, and resulted in grain 

orientation, imbrication, breakage and deformation of bioclasts, and fracturing. 

However, chemical compaction occurred in the late burial stages and is represented 

by the development of pressure solution seams, micro-stylolites and stylolites as well 

as a late dissolution features. Dolomitization has influenced the matrix and the fossil 

contents by replacing the micrite and the fossil tests with fine and coarse dolomite 

crystals. Such diagenetic processes have influenced the reservoir quality positively 

and negatively. For example, cementation, and compaction normally destroyed the 

porosities and permeability pathways, which have decreased the reservoir quality. On 

the other hand, dissolution in most cases increased the porosities and provided 

permeability pathways, which increased reservoir quality. The best interparticulate 

and mouldic porosity values are found in the shallow larger foraminifera dominated 

lithofacies associations. However, in some cases the cementation has plugged and 

occluded these pore spaces and destroyed the reservoir quality. 

9.1.4. Outcrop reservoir analogue 
Outcrop analogue studies have been recognized as one of the best methods to 

investigate the subsurface hydrocarbon reservoirs in three-dimensional. The Eocene 

carbonate outcrops in NE Libya show high similarity to the Eocene carbonate rocks 

in the subsurface of NW offshore Libya. This similarity provided direct information 

of the subsurface oil bearing reservoirs in terms of their geometry, distribution, 

heterogeneity, and architecture. The Eocene outcrop analogues of this study have 

significantly contributed and helped in the understanding of the offshore Eocene-

aged hydrocarbon reservoirs in the Tarabulus Basin by applying an outcrop-reservoir 

analogue method of the porous large benthic foraminifera-dominant body exposed in 
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the northeast onshore area. The outcrop observations have shown that Eocene 

carbonate units have excellent lateral (100 meters) and vertical continuity (10s of 

meters) and high quality; hydrocarbon reservoir properties including excellent 

porosity and permeability, which form a very good reservoir. 

The Eocene nummulitic-rich accumulations form an excellent reservoir body 

that is internally heterogeneous. This suggested that the coarse grained nummulitic-

rich lithofacies have variable reservoir potential. However, the reservoir potential 

noticeably decreases in the mudstone lithofacies of outer-ramp settings. 

9.1.5. Nummulitic-rich carbonates 
The Eocene nummulitic-rich lithofacies in both subsurface and outcrops are 

characterized by the occurrence of two different types of nummulite tests. This 

includes the smaller A-Form and the larger B-Form, which have especially 

developed on the bank settings in the middle ramp portion of the carbonate ramp 

system. The density of the nummulite tests (mostly of the large B-Form) and their 

concentration as stacked, imbricated units probably by physical processes evidenced 

by the fact that most of the muddy material has been removed by winnowing and 

storm activity. The stacked nummulitic-rich units are generally organized in a 

shallowing-up ward packages. Quantitative analysis of the nummulite tests along the 

outcrop sections and the subsurface wells in regards to their types shows a variation 

in the presences of each type of the nummulite tests that ranges from 5 % to 47% at 

the outcrops and from 2 % to 77% in the subsurface. The collected data from outcrop 

and subsurface samples showed that large flattened nummulite tests are the most 

dominant, which indicates shallow water settings are the most dominant.    

Additionally, the A-Form nummulite tests to B-form nummulite tests ratio 

(A/B ratio) was calculated and showed that the Eocene nummulitic-rich 

accumulations in both areas have been highly influence by physical processes as the 

A/B ratio diverge from the traditional 10:1 ratio recognized by Racy (2001). This 

indicates that the nummulitic-rich accumulations have been reworked and landward 

or seaward transportation or in-situ winnowing occurred.  

From field and core investigations, it has been shown that the nummulite tests 

have been fragmented and reworked by high-energy conditions and the fragments 

were transported to the back-bank settings. However, well-preserved nummulitids 

have also been observed, both at outcrops and in cores. Beavington-Penney (2004) 

and Racey(2001) have also concluded that the breakage of the nummulitids can be 
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caused by the sediment transportation from the pre-existing highs onto the flanks. 

The nummulitic-rich units are characterized by well-sorted, fine-grained material 

around and in the middle ramp and the outer ramp settings. The existence of 

miliolids, coralline algae, and mollusc fragments in association with the nummulitids 

suggest that nummulitids can be sometimes found in inner-ramp and lagoonal 

settings.  
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9.2. RECOMMENDATIONS FOR FUTURE WORK 

In this study, the sequence stratigraphy has been briefly introduced. However, high 

resolution sequence stratigraphic studies of Eocene and underlying strata, and 

overlying successions are required and highly recommended. Thus, it is 

recommended to establish more field observations and measure more stratigraphic 

sections at a smaller scale to define the sequence boundaries accurately. Areas 

further toward the south including Jardas Al-Ahrar, Jardas Al-Jarrari, and Jardas Al-

Abid should be studied. Moreover, the Upper Cretaceous slump structures should be 

studied in more details in terms of their formation, and geometrical style and 

classification. This should assist in the understanding the tectonic activities in the 

area and the carbonate ramp evolution and development. Detailed petrographic study 

of the Chalky unit in the Apollonia Formation is required to identify the chalk in this 

unit and the type of microfossils within the unit.       

Detailed seismic interpretation is required in areas to the east of Tarabulus 

Basin to investigate the extent of the salt tectonics to the east especially in the 

offshore of Sirt Basin and the offshore of northeast Libya.  
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Appendix 1: LIST OF ABBREVIATIONS 

 

Fossils and bioclasts: 

Num...Nummulitid 

L-F-Num…………………………………………….....Large Flattened Nummulitids 

S-F-Num…………………………………………….....Small Flattened Nummulitids 

L-R-Num………………………………………………....Large Robust Nummulitids   

S-R-Num………………………………………………....Small Robust Nummulitids   

Orb................................................ ................................................................Orbitolitid 

Rg:...................................................................................................................Red algae 

Disco............................................... .........................................................Discocyclinid 

Ech.................................................... ..........................................................Echinoderm 

Co. .................................................... ....................................................................Coral 

Mid.................................................... ................................................................Miliolid 

Un: .................................................... ..................................................Uniserial Foram 

Bi: ..................................................... .....................................................Biserial Foram 

Alv .................................................... ...........................................................Alveolinid 

Mo: ................................................... ..............................................................Molluscs 

Gast.................................................... ............................................................Gastropod 

Pelc.................................................... ............................................................Bivalve 

Dr: .................................................... ................................................Dolomite Rhombs 

Glco................................................... ...........................................................Glauconite 

Phos................................................... ............................................................Phosphate  

 

Diagenesis Features: 

 

Cm: ...Cementation 

Dt. /Cm: ............................................ ................................................Dog tooth cement 

ME..................................................... .................................................Micrite envelope 

St.. ...................................................... ..............................................................Stylolite 

Mst: ................................................... ....................................................Micro-stylolite 

Fr: ...................................................... .............................................................Fractures 

GT……………………………………………………………...Grain-to-Grain Touch 
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Porosity Types: 

 

P: ....................................................... ...............................................................Porosity 

MP: .................................................... ................................................Mouldic Porosity 

VP: .................................................... ...................................................Vuggy Porosity 

FP ..................................................... .................................................Fracture Porosity 

IP........................................................ .....................................Interparticulate Porosity 

IAP..................................................... .....................................Intraparticulate Porosity 
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Appendix 2:LEGEND (After Imbarek 2008) 
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Appendix 3: Representing the main two forms (A and B forms) of the Nummulites lyelli and gizehensis and their internal and external sections in 
Dernah Formation in northeast onshore Libya



 334

 
 
Appendix 4: Axial and Equatorial sections of large flattened Nummulites Gizehensis showing a well preserved internal structure and the well-organized 
chambers.
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Appendix 5: Diagrammatic model showing the thickness variation of the Eocene Farwah Group throughout the NC-41 concession in offshore Libya 
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Appendix 6: Outcrop panorama view at the mouth of Wadi Al-Athrun showing the entire succession of the exposed stratigraphic units from the oldest Cretaceous 
lithostratigraphic units, which followed by the Eocene sequence of Apollonia and Dernah Formations. The Upper Cretaceous Al-Athrun Formation characterized 
by highly deformed large scale slump unit. 
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Appendix 8: Gastropod rich unit of Dernah Formation at Al-Marij section showing different types of well-
preserved large gastropod shells in different positions (Vertical, horizontal, and tilted) Hammer is 30cm & 
Libya 25 dirham is 2cm& Libyan 50 dirham is cm. 
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Appendix 9: Diversity of chert nodules conspicuous within the Apollonia limestones which sometimes 
are elongated and joined forming chert layers (A, B, C, D, F, G, From Imbarek 2008) 
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Appendix 10: Outcrop-view showing a large scale of the north-ward slumped unit within Apollonia 
Formation along Dernah/ Al-Qubah road-cut. 
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Appendix 13: Close-up of the thick coral unit showing the core of the coral build-up and enlargement of branched coral. 
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Appendix 14: Panorama view of outcrop showing the lateral lithofacies interfingering and pinching-out (man is 177cm (for scale)). 
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Appendix  15: Outcrop view of the nummulitic-rich carbonate bank (main outcrop) where large flattened 
nummulite tests are randomly oriented in muddy matrix indicating low energy conditions were dominant during the 
accumulation (Man is 175 cm (for scale)) (From Imbarek 2008) 
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Appendix 16: Dernah measured section-1 description log. [For location, see the map in Fig. 3-4]. 
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Appendix 17: Dernah measured section-2 description log. [For location, see the map in Fig. 3-4] 
(Redrawn and modified From Imbarek 2008). 
. 
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Appendix 18: Dernah measured section-3 description log. [For location, see the map in Fig. 3-4]. 
(Redrawn and modified From Imbarek 2008). 
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Appendix 19: Dernah measured section-4 description log. [For location, see the map in Fig. 3-4]. 
(Redrawn and modified From Imbarek 2008). 
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Appendix 20: Dernah measured section-5 description log. [For location, see the map in Fig. 3-4]. 
(Redrawn and modified From Imbarek 2008). 
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Appendix 21: Dernah measured section-6 description log. [For location, see the map in Fig. 3-4]. 
(Redrawn and modified From Imbarek 2008). 
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Appendix 22: Dernah measured section-7 description log. [For location, see the map in Fig. 3-4]. 
(Redrawn and modified From Imbarek 2008). 
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Appendix 23: Measured section description log of the Pyramid Peak to the west of Dernah area. 
[For location, see the map in Fig. 3-4]. (Redrawn and modified From Imbarek 2008). 
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Appendix 24: A log description of the B2-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-2]. 
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Appendix 25: A log description of the B4-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-2]. 
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Appendix 26: A log description of the B7-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-2]. 
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Appendix 27: A log description of the C3-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-4]. 



 358

Appendix 28: A log description of the C7-NC-41 well in NW offshore Libya. [For location, 
see the map in Fig. 3-2]. 
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Appendix 29: A log description of the C8-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-2] (Libyan 25 dirham is 2cm). 
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Appendix 30: A log description of the H1-NC-41 well in NW offshore Libya. [For location, see the 
map in Fig. 3-2]. 
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Appendix 31: Core photos illustrating the Eocene formation throughout the C3-NC-41 well.
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Appendix 32: Core photos illustrating the Eocene formation throughout the B2-NC-41 well. 
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Appendix 33: Core photos illustrating the Eocene formation throughout the C3-NC-41 well. 
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Appendix 34: Core photos showing a high amplitude stylolite separating between two different 
lithotypes of the nummulitic-rich unit in Jdeir Formation. 
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Appendix 36: Collected GPS points from the onshore NE Libya for mapping the Eocene and the exposed units for 
reservoir analogue. 
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Appendix 37: Petroleum Data Permission and Transmittal Letter from Agip Oil Company in Libya (Translated from 
Arabic to English) 
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Republic of Libya                                      Knowledge is a natural right for everybody  
General Public Committee                              Date: 22 August 2005 
Al-Murgib University                                      No.NAK 2238 
Faculty of Art & Science 
 
Brothers/AJIP OIL COMPANY 
 
Greetings…, 

Within the framework of cooperation between universities, research canters and all other 
public organizations, and in the aim of successful higher study programs and to encourage our 
students to conduct scientific research and push the scientific steps forwarded; we hope that you 
offer the graduate level student “Omar Mohammed Imbarek”, a teaching assistant at the Faculty 
of Arts and Sciences, Department of Earth  Sciences & Environment the necessary help by 
supplying him  some material and data listed below related to his proposed study as part of the 
requirements to achieve graduate degree (M.Sc.). 

 
1. At least 20 well with full suite of Well logs and some with conventional core data. 
2. 2D, preferably 3D seismic. 

 
May peace be upon you 
 
Signed and Stamped 
Abdullah Warieth 
Director of the Bureau of Higher Studies and Training at the Faculty 
 
Copy to:/ 
 
Faculty’s Public Relations Officer 
Outgoing documents archive 
General Circulations  
 
 
Stamped acknowledging the receipt of the document by AGIP OIL CO. 
Administration Department (29 August 2005) 
AGIP OIL CO./Director of the Department of Training and Development  (1 Sept.2005) 
 
 
 
 
 
 
 

Faculty of Arts & Sciences; Tel:623662, 623661, 621912, 621911, PO Box 30770, Al-Khums 
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AGIP OIL COMPANY LIMITED 
Libyan Branch 
 
 

Interoffice Memorandum 
 

From: Deputy Director for Training & Development                                                  Date: 13 Sept 2005 
To: General Director of General Administration for Planning and Geology                      No: TR/2005 
 
 
Subject: Internal Training 
 
Greetings… 
I am forwarding to you a copy of the attached help-seeking letter concerning: Omar 
Mohammed Imbarek From the Faculty of Arts and Sciences–Al-Khums (Am-Murgip 
University) asking for obtaining some data and information related to his study project outlined 
in the attached letter. 
Accordingly, we hope that you inform us about the extent of your agreement to this help-seeking 
letter in providing the student with the data required to obtain his higher degree. 
 
Thanks for your nice cooperation 
 
May peace be upon you  
 
 
13 Sept.2005 (Signed) 
Muhammad Abdulsalam Al-Sagheer 
 
 
A copy to:/ 
Nazhat 
Graduation Projects File 
Development & Geology 
 
 
 
 
 

Hand written comment; 
Brother/Director of Geology Administration 

For action 
Signed 

22 Sept 2005 
 
 

 


