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ABSTRACT 

The Palaeozoic (Upper Devonian-Lower Carboniferous) Tahara Formation, 
western Libya, was deposited in shallow-water, marginal and nearshore marine 
environments influenced by waves and storms. These are interpreted to represent 
interactive shelf to nearshore, shoreface and fluvio-deltaic environments. The 
analysis and interpretation of the subsurface data of this formation allow for the 
recognition of seven facies on the basis of core and electric log data obtained from 
each of the study wells. Each facies is identified on the basis of lithology, 
sedimentary structures and biogenic features, and four of these facies have been 
grouped into a shelf-nearshore facies association. Vertical and lateral facies 
relations enable the Tahara Formation to be divided into upper and lower 
sandstones. The upper sandstone shows an increase in shale content 
accompanied by increased bioturbation, towards the southwest. 

Sequence stratigraphic analysis indicates that the Tahara Formation is 
characterised by transgressive and regressive phases of deposition in response to 
changes in relative sea level. The overall succession stacks into two partial 
sequences separated by a Type 1 sequence boundary. The lower sequence below 
the sequence boundary represents a coarsening-upward prograding shoreline 
comprising sediments deposited as part of a highstand systems tract. Above the 
sequence boundary, the incomplete sequence 2, includes the Tahara sandstones. 
These are believed to have been deposited as part of a transgressive systems 
tract bounded at the top by a maximum marine flooding surface. The succession 
includes marine flooding surfaces of different hierarchical level which record a 
deepening of the depositional environment in response to sea-level rise. Both 
preserved sequences form part of a third-order cycle which in the upper part 
includes fourth-order higher frequency cycles. The deposition and distribution of 
facies within the sequences are controlled by different factors including rate of 
relative sea-level change, rate of subsidence and sediment supply. Gamma ray log 
shapes in the Tahara sandstones are variable from funnel to roughly cylindrical 
shape. The lower Tahara sandstone shows a serrate cylindrical gamma ray log 
shape in well CI-49 and AST2, and a funnel gamma ray log shape in well K1-1, 
A1-NC151 and AST1. The upper Tahara sandstone shows a funnel gamma ray 
log shape in well CI-49, a complex gamma ray log shape in well K1-1 trend, and a 
serrate cylindrical gamma ray log shape in wells A1-NC151 and AST2. 

The Tahara sandstones can be classified as quartz arenites and arkoses in terms 
of their modal corhposition. The detrital quartz grain size of the Tahara sandstones 
is generally fine to very fine-grained, and well sorted with rounded to subrounded 
grains. The overall grain-size trends are slightly variable in both the upper and the 
lower sandstone with the coarser grains concentrated in the upper part of the lower 
sandstone. Three types of porosity are recognized in the Tahara sandstones: (1) 
primary intergranular porosity which occurs as isolated pores; (2) secondary 
porosity, which is the most common porosity, originates from dissolution of 
unstable minerals or authigenc grains during fluid movement; and (3) microporosity 
which occurs within kaolinite clay minerals. The upper part of the lower sandstone 
has a porosity of up to 27.6%. This reflects the secondary dissolution of feldspar 
and the development of secondary porosity and pore-filling kaolinite clays. 

VI 



Palaeocurrent evidence from previous workers suggested that the sediments were 
derived from the uplifted Al Gargaf area to the southeast of the basin. Four 
sequential depositional models are proposed for the evolution of the Tahara 
Formation in response to relative sea-level changes: 

1. Marine shelf sediment was deposited during a relative sea-level rise. This is 
interpreted to form part of an early transgressive systems tract before deposition of 
the lower Tahara sandstone. 

2. The lower Tahara sandstone was deposited in a shoreface environment, and 
was gradually overlain by fluvio-deltaic deposits as the depositional system 
gradually prograded basinwards across the shelf. This sandbody overlies marine 
shelf deposits and records shoreline progradation and increased fluvial sediment 
supply from a nearby uplifted source area. 

3. The unit represents a short-lived marine transgressive event which terminated 
lower Tahara sandstone progradation as the depositional system temporarily 
retreated landwards. 

4. The final stage in the evolution of the depositional system was shoreline 
progradation during which the well-sorted, fine to very fine-grained upper Tahara 
sandstone was deposited in a shoreface environment. This sandbody once again 
overlies marine shelf deposits and records another phase of shoreline 
progradation, and the development of another a coarsening-upward package. 

VII 



Chapter 1 

Introduction and Geological History of Western Libya 

1.1-Previous work 

The geology of western Libya was first studied by Italian geologists from 1930 to 

1940, and then by a French geologists between 1944 and 1950. In the late 

1950's and early 1960's petroleum exploration programmes in the sedimentary 

basins of western Libyan, were undertaken by a number of companies after the 

discovery of oil. From that time research on the Palaeozoic outcrops of the area 

continued and a great number of boreholes, mostly in the Ghadames basin and 

then in the Murzuq basin, were drilled. 

Bellini and Massa (1980) reviewed the previous publications and unpublished 

academic and oil company data on the Palaeozoic of the western sedimentary 

basins of Libya. Other work that has been done on the Ghadames and Murzuq 

basins include Hammuda (1980), Vos (1981 a, b), Van Houten and Karasek 

(1981), Whitbread and Kelling (1982), Clark-Lowes (1985), Pierobon (1991), 

Castro etal. (1991), Bracaccia et al. (1991), and Adamson et al. (1997) amongst 

others. 

Previous work has been done on some 6 meters of core cut through part of the 

Tahara Formation in well A6-NC169 in the Al Wafa gas field northwest of well 

CI-49 in the present study area (Fig. 1.1). The Tahara Formation was interpreted 

to have been deposited under shallow-marine conditions, in a shoreface setting 

dominated by wave and storm conditions (Rahmani 1994). 
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Petrographic analysis of the same core showed the Tahara sandstone to consist 

of fine- to very fine-grained, well-sorted sandstone with low porosity and 

permeability due to the presence of abundant silica and calcite cement 

(Tawadros 1994). This core occurs in the same stratigraphic position as the 

upper Tahara sandstone of the present study<. 

Despite the many published and unpublished works previously cited detailed 

core-based analysis of the Tahara Formation is rare. The main aim of this study 

is to provide a more detailed analysis of the Tahara sandstones in part of 

western Libya and to try and extend the results of the study into adjacent areas 

where no core data exist. 

1.2-Location and aim of the study 

The area of this study is located in western Libya between latitudes 26° 00' and 

29° 00', and longitudes 10° 00' and 13° 00' (Fig. 1.1). The area is situated 

between the Ghadames basin to the north and Murzuq basin to south. The 

Ghadames basin is well known from numerous surface and subsurface studies in 

western Libya, but the Murzuq basin is less well known. 

This is a subsurface based study of the late Palaeozoic (upper Devonian-lower 

Carboniferous) Tahara sandstones between the Murzuq and Ghadames basins 

in western Libya. 

The main objectives of this study are as follows: 

1) To describe and interpret individual facies, facies sequences and their 

depositional environments in order to develop facies-based sedimentological 

models of the Tahara Formation, based on core and electric log data; 

2) To apply sequence stratigraphic methods to the Tahara Formation, using 

variations in facies tracts and stacking patterns in relation to changes in base 

level; 



3) To review the use of wireline logs in sequence stratigraphy and to define 

various characteristic log patterns, especially gamma ray patterns, and integrate 

them with the core data; and 

4) To examine the petrographic characteristics of the sandstones in the Tahara 

Formation, in order to identify textures, determine mineral composition, 

diagenetic features and porosity with a view to assessing the reservoir potential 

of the sandstones. 

1.3-Methodology and data source 

The data for this study is based on slabbed core and electric logs from six wells. 

Cored intervals in wells are illustrated in Fig. 1.2 and Table 1.1. Well CI-49 is 

considered the type well based on the core coverage of over 67 m, entire Tahara 

Formation. Well ATS2 is the second most important well because it encountered 

the lower Tahara sandstone and therefore provides useful information on the 

lateral facies variations between these wells. 

The sedimentary structures and facies in the core have been photographed and 

petrographic, palynologic (from shale samples) and XRD analyses carried out. 

The location of all thin sections is shown in Fig. 1.2. The thin sections were 

impregnated with blue resin to determine the porosity and permeability, textural 

characteristics, mineral composition and diagenesis. 

Wireline logs used in this study include gamma-ray (GR), Spontaneous potential 

(SP), neutron (N) and resistivity log (Res). These were used for facies 

correlation, determining the position of marker beds and the thickness of facies 

units. However, the gamma ray log was the most useful for delineating facies 

geometries and depositional relationships. Depth of core and wireline logs are 

given in feet, and thickness of internal structures is given in both imperial and 

metric scales. 

Biostratigraphic analysis has been carried out on 19 samples from well CI-49 

and B1-49 (Fig. 1.2) to determine the ages and palaeoevironments. The 



biostratigraphic study is based on shale sections, prepared according to standard 

techniques by company geological laboratory staff. These were prepared and 

studied in the geological laboratory of the Sirte Oil Company. Most of the slides 

contain abundant spores and woody debris, which represent both terrestrial and 

marine material. Biostratigraphic analysis suggests that the Tahara Formation 

was deposited in the latest Famennian (Struncian) (Table 1.2) based on the 

presence of spores such as Retispora lepidophyta. Other important spores are 

Spelaeotrilets granulatus, Rugospora flexousa, Hamenozonorilets explanatus 

and Tumulispora rartuberculata. 

The samples collected from the shale interval (1039 m-987 m) (M'rar Formation) 

in Facies 7 above the upper Tahara sandstone contain Vallatisporites vallatus. 

This spore may represent a lower Carboniferous (Early Tournaisian) age (Table 

1.2) (Geological laboratory staff). 

Biostratigraphic examination has also been carried out by the Compagnie des 

Petroles Total (Libya) (CPT (L) 1966, unpublished report) on micaceous black 

shale from 1428 m in well B1-49 (Fig. 1.2). This suggested that the upper 

Devonian (Lower Famennian) was deposited in a nearshore environment as 

evidence by disseminated marine fossils and spores and pollen. 

Age dating of the Tahara Formation was attempted by Bellini and Massa (1980) 

and Weyant and Massa (1991), as part of a broader study of the biostratigraphy 

of the Devonian system in western Libya. These studies enabled the Devonian 

system to be subdivided into consistent chronostratigraphic units (see below in 

geological setting section). 



Well Name Core No. Core Interval Core Thickness 

1-C1-49 7-15 974 m-1041 m 67 m 

2-K1-1 9 1276 m-1281 m 7 m 
10 1126 m-1313m 6 m 

3-A1-NC151 1 545.5 m-855 m 4 m 

4-ATS1 6 697 m-704 m 7 m' 

5-ATS2 7-8 707 m-723 m 15m 

Table 1.1 Available core from upper Devonian-lower Carboniferous 
strata of five wells used in the study (after calibration with electric logs). 

Well Name Core Inten/al Age 

1-C1-49 977 m-987 m L. Carboniferous 
(E. Tournasian) 

987 m-1039 m L. Famennian 
(Strunian) 

2-B1-49 1425 m-1435 m L. Famennian 
(Strunian) 

1435 m-1442.5 m L. Famennian 

Table 1.2 Showing intervals and age of palynological 
samples from well CI-49 and B1-49. See Fig. 1.2 for 
location of samples. 
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Fig. 1.2 Core coverage and sample locations in the six wells 
used in the study. 

<= Petrographic samples (from the upper and lower Tahara sandstone) 
Palynological samples (from shale sections) 
Samples from heterolithic facies for petrography 
and XRD analysis of ironstone composition 

^ Palynological samples examined by CPT (L) 
No horizontal scale 



1.4-Regional geology of the area 

1.4.1 -Tectonic framework 

Libya is located on the Mediterranean foreland of the African shield, a foreland 

that has been the site of deposition of vast blankets of continental debris 

interrupted by several marine incursions (Conant and Goudarzi 1967). 

Tectonically Libya is affected by two sets of faults, which are thought to parallel 

the rift system in the Gulf of Suez and east Africa (Conant and Goudarzi 1967). 

The geology of Libya can be divided into four depositional basins separated by 

major anticlinal swells (Fig. 1.3). These basins, of intracratonic type, have been 

effected by the Palaeozoic Caledonian and Hercynian orogenies (Bellini and 

Massa 1980). The Caledonian orogeny occurred from the middle Silurian to the 

lower part of the lower Devonian, and its influence can be traced into northern 

Chad and Niger. The Hercynian orogeny occurred in the middle to upper 

Carboniferous and possibly into the Permian (Bellini and Massa 1980). 

Reactivation of these earlier Palaeozoic structures during Cretaceous, middle 

Tertiary (Oligocene through Miocene) and Holocene times led to faulting, folding, 

subsidence and uplift (Goudarzi 1980). The Gargaf arch, Tibisti-AI Haruj uplift 

and Nafusa uplift represent the events that formed the structural and tectonic 

features in the south and northwest of Libya (Fig. 1.3). A palaeocurrent study of 

the Palaeozoic basins of Libya shows that the Palaeozoic structural arches 

controlled the sedimentary fill (Clark-Lowes 1985). A brief review of the 

Ghadames and Murzuq basins to the north and south of the study area is 

presented. 

1.4.2-Ghadames basin 

The Ghadames is bounded on the south by the Gargaf arch and on the east by 

the Hun graben and the Sirte embayment (Sirte basin). On the west the basin 

extends into Algeria and forms one of the largest basement depressions in 

Africa. The basin was affected by the Caledonian orogeny and in the south the Al 

8 



Gargaf arch separates it from the Gadames and Murzuq basin (Fig. 1.3). The 

northern part of the basin was uplifted during Hercynian folding followed by 

subsidence during the early Mesozoic. 

The basin is filled by mainly Palaeozoic sediment overlain by a relatively thin 

Mesozoic-Tertiary sequence. Most of the Palaeozoic sediments consist of 

sandstones deposited in continental, transitional and marine environments. 

Palaeozoic sediments are thickest in the centre of the basin but thin gradually 

towards the southern margin of the basin which flanks the Al Gargaf arch 

(Hammuda 1980). 

1.4.3-Murzuq basin 

The Murzuq basin lies between the Sahara shield in the south and was 

separated from the Tethys Ocean by the Gargaf arch (Selley 1976a; Bellini and 

Massa 1980). It is located between three prominent tectonic elements: Al Gargaf 

uplift in the north, Tibesti-Haruj uplift in the east and the Precambrian Hoggar on 

the south which extends into Algeria and Niger (Fig. 1.3). The Murzuq basin is a 

good example of a cratonic basin (Selley 1976a). It was affected by late 

Hercynian movements towards the end of Visean times and was totally emergent 

by the end of Baskirian times. Subsidence took place in late Silurian and early 

Devonian times. 

The basin fill extends from the Cambrian to the Carboniferous with some 

Mesozoic and Cenozoic sediments also present. Palaeocurrent analysis of fluvial 

Cambro-Ordovician and Mesozoic sediments delineates a northerly palaeoslope 

over the Gargaf arch (Selley 1976a). The Cambrian to upper Devonian 

succession is characterised by fluvial, estuarine-deltaic and shallow-marine 

deposits, whereas the lower to middle Carboniferous is dominated by open-

marine shales with sandstones and limestones. Ordovician sandstones of the 

Memouniat Formation constitute the known reservoirs in this basin. 



MEDITERRANEAN 

GADAMES 
BASIN 

SIRTE 
BASIN 

MURZUQ 
BASIN TIBISTI/ 

AL HARUJ 
UPLIFT AL KUFRA 

BASIN 

NIGER CHAD 

^ Study area (Z2> Volcanic rocks 
600 km 

Fig. 1.3 Location map of the sedimentary basins of Libya. 

1.4.4-Geological setting 

The Palaeozoic in western Libya extends from the Cambrian to the 

Carboniferous. Undifferentiated basal Cambrian to lower Ordovician rocks are 

exposed in many places in southern Libya and consists of conglomeratic and 

coarse continental sandstones which pass upward into Ordovician sandstone, 

shale and diamictites with thicknesses of about 610-914 m known from the 

Murzuq and Al Kufra basins. Continental sediments, interrupted by minor marine 

transgressions in western Libya, extend across the southern border into Chad 
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and Niger where fine elastics with marine fossils were deposited. These are 

overtain by Silurian rocks indicative of a major marine transgression which 

extends into Chad and Niger. Silurian strata in the Murzuq basin are 

characterised by graptolitic shales (305 m thick) which grade upwards into thick 

regressive sandstones. Devonian strata in southern Libya comprise mainly 

continental sandstones about 305 m thick with marine beds known on the east 

and on the western flanks of the Murzuq basin. In the Ghadames basin the 

Devonian consists of two facies: the Fazzan facies, which corresponds to littoral 

clastic deposits; and an open-marine facies of shale with rare carbonate 

intercalations (Bellini and Massa 1980). The Carboniferous rocks are 

represented by the late Palaeozoic marine cycles. These consist of thick 

sequences, up to 914 m, of marine and non-marine fine elastics and subordinate 

limestone. Transgressive Carboniferous sediments show a mixed marine and 

lagoonal facies dated as upper Tournasian in age. Red continental sediments 

were deposited during the upper Carboniferous. Further details of the Palaeozoic 

succession are discussed below based on Bellini and Massa (1980), and the 

stratigraphic nomenclature and names of formations used by the Sirte Oil 

Company (SOC; Fig. 1.4). The same nomenclature is used in both basins 

because of their close genetic association (Bellini and Massa 1980). 

Mourizidie Formation: Cambrian 

Mourizidie Formation is well developed in the southeast of the Murzuq basin and 

may be sporadically present in the northern Ghadames basin (Bellini and Massa 

1980). The sediments of this formation are overlain by the basal conglomerate of 

the horizontal strata of the Hassaona Formation. 

Hassaona Formation: Cambrian 

Hassaona Formation was introduced by Massa and Collomb (1960) after Jabal 

Hassaona. It is about 340 m thick and consists of medium to coarse-grained 

cross-bedded sandstone, containing Tigillite, Cruziana and Harlania. The 
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fomiation is unconformably overlain by fine-grained Ordovician elastics, but in the 

subsurface they are difficult to distinguish from one other (Pierobon 1991). 

GHADAMES BASIN PALAEOZOIC AND MESOZOIC 
STRATIGRAPHIC TYPE SECTION 

N.O.C. 
C O M P I L E D B Y DR. M. S O L A . T . M . Q A S H O A S H AND F . A . B B J U J 

FORMATION 

M B I M I M . ( M B I U H n . ) 

irrCui 

/ 
Fig. 1.4 Stratigraphic column of the Palaeozoic (See blow up on right 
for details) and Mesozoic, Ghadames basin. Western Libya. 
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Ashebyat Formation: Ordovician (Tremadocian) 

Ashebyat Formation is represented by some 65 m of medium- to coarse-grained 

sandstone with abundant Tigillites, Cruziana and Harlania, and is transitional 

between the Cambrian and basal middle Ordovician (Bellini and Massa 1980). 

The Achyebyat and Hassaona Formations are very similar in their lithology 

(Pierobon 1991). 

Haouaz Formation: IVIeddle Ordovician (Lianvirn-Liandeilo) 

Haouaz Formation was defined by Massa and Collomb (1960) for the southern 

part of the Ghadames basin. It consists of fine-grained, cross-bedded quartzitic 

sandstone with thin shale intercalations and abundant Tigiliites and stromatolites, 

with possible ferruginous ooids at its base (Bellini and Massa 1980). It is 

conformably overtain by the Melez Chograne Formation. A similar type section is 

described by Clark-Lowes (1985) in the Ghat region. The Haouaz Formation, on 

the other hand, described from a 120 m thick section in the central western 

Gargaf Arch, has been interpreted as a fan-delta system (Vos 1981a). The 

Formation ranges in thickness from 50 m (Dor al Qussah) to 280 m (Al Qargaf) 

and from 30-170 m in the subsurface (Pierobon 1991). Haouaz Formation is 

probably of middle Ordovician age (Lianvirn-Liandeilo) (Klitzsch (1981). 

Me\ez Cliograne Formation (Caradocian) 

Melez Chograne Formation was introduced by Massa and Collomb (1960) from a 

60 m thick type section in the southern part of the Ghadames basin. It 

characterised by an abundant fauna of trilobites, cystoides, bryozoans and 

brachiopods (Bellini and Massa 1980). This formation represents marine 

transgressive environments, and is Caradocian in age based on the first glacial-

marine cycle (Bellini and Massa 1980). 
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Memouniat Formation (Ashgillian) 

Memouniat Formation was introduced by Massa and Colomb (1960) based on a 

type section (up to 150 m thick) in the southern part of the Ghadames basin. It 

consists mainly of fine-grained sandstone and coarse-grained conglomeratic 

sandstone, with rare fauna, containing Ashgillian brachiopods {l-lirnantia and 

Plectothyrella). It represents the second glacial-marine cycle, and is conformably 

overiain by Tanezzuft Shale of Silurian age (Klitzsch 1981). 

Tanezzuft Formation: Silurian (Llandoverian) 

Tanezzuft Formation was described from outcrops 200-300 m thick in the Ghat 

area from Wadi .Tanezzuft, Jabal Akakus. It consists mainly of shale with thin 

beds of siltstone and fine-grained sandstone organized into discrete depositional 

packages, containing marine fossils. The Tanezzuft shales are conformably 

overiain by the Acacus Formation. This formation represents the principle 

Palaeozoic source rock. 

Acacus Formation: Silurian (Llandoverian-Ludlovian) 

Acacus Formation is about 150 m thick. It consists predominantly of sandstone 

with subordinate alternations of shale and siltstone. Bellini and Massa (1980) 

pointed out that the distinction between this formation and the underlying 

Tanezzuft Formation is not clear due to the gradational contact between them. 

Furthermore, from south to north a facies change occurs as the sandy fluvial-

transitional Acacus Formation of the Ghat area is replaced by a sandy-shale 

marine unit in the northern Ghadames area (Castro et al., 1991). The Acacus 

Formation has been dated middle Llandoverian on the basis of graptolites found 

at its base (Bellini and Massa 1980), whereas the palynological data from wells 

A1-NC115 and El-NC115 (south of study area) indicate a Ludlovian to 

Wenlockian age (Pierobon 1991). This formation represents the transgressive 

phase of the early Silurian (Pierobon 1991). In Dur al Qussah the Acacus 

Formation is a riiythmic alternation of shale, shaley siltstone and sandstone 
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which coarsens upward into massive, cross-bedded fluviatile sandstone 

(Pierobon 1991). 

Tadrart Formation: Devonian (Siegenian) 

Tadrart Formation is defined by the (International Stratigraphic Lexicon in Bellini 

and Massa 1980) from a type section in western Jabal Fezzan in the Awinat 

Wanin area where it is 317 m thick (Klitzsch in Clark-Lowes 1985). The formation 

comprises fine- to very fine-grained sandstone and subordinate siltstone. The 

lower part is thick-bedded and cross-bedded, and contains rare plant remains 

deposited in a predominantly continental environment. The upper part is thin-

bedded and shows evidence of biogenic activity consistent with a marine 

environment. This formation is conformably overiain by the Ouan Kasa 

Formation. The basal part is marked by a ferruginous sandstone resting 

unconformably on Silurian rocks. Tadrart sandstones are usually poorly 

cemented and a good reservoir. 

Ouan Kasa Formation: Devonian (Emsian) 

Ouan Kasa Formation at Wadi Wan Kasa, in the Murzuq basin, is 43 m thick. It 

consists of a succession of shale interbedded with siltstone and fine-grained 

sandstone. It was first measured by Borghi et al. (in Clark-Lowes 1985) and later 

described by Klitzsch (in Clark-Lowes 1985). Subsurface data in the Ghadames 

basin reveal a rich assemblage of palynomorphs indicative of an Emsian age 

(Massa and Moreau-Beroit 1976). The Ouan Kasa is overiain conformably by the 

Aouinate Ouenine Formation. 

Aouinate Ouenine Formation: Devonian (Couvinian-Famennian) 

Aouinate Ouenine Formation was defined from western Jabal Al Qargaf. The 

Aouinate Ouenine Formation is raised to the rank of group where it is divided into 

four formations (I to IV) ranging in age from Couvinian to Famennian on the basis 

of the micro- macro fauna as well as microflora (Bellini and Massa 1980). Clark-
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Lowes (1985) reported a thickness of 107 m in the Murzuq basin. This formation 

is composed of very fine- to medium-grained sandstone and thin argillaceous 

siltstone beds containing an abundant fauna of brachiopods and bivalves. 

A 150 m thick section of this formation exposed along the northern flank of the 

Gargaf Arch in Ghadames basin has been studied by Vos (1981b). He 

recognized three cycles, and interpreted them as a deltaic complex containing 

both progradational and transgressive facies. More recently Castro et al. (1991) 

reported tempestite deposits from the third cycle of Vos's study. The Formation is 

conformably overlain by the Tahara Formation. 

Taliara Formation: Devonian-Carboniferous (Strunian) 

Tahara Formation has been defined in Compagnie des Petroles Total (Libya) 

(CPT (L)) from well B1-49 (within study area) which is located in Wadi Tahara. 

This formation consists of sandstone and shale in which the sandstones are 

generally fine- to very fine-grained, feldspathic and commonly ferruginous and 

hematitic (Bellini and Massa 1980). It was interpreted as a deltaic deposit with 

continental influences and plant debris (Lycophytes). Palynological studies 

assign the formation to the Strunnian (Devonian-Carboniferous transition; Bellini 

and Massa 1980) due to the presence of Spelaeotriletes lepidophytus (Kedo) 

and Hymenozonotriletes lepidophytus. The Tahara Formation may mark the end 

of the Devonian (Bracaccia ef a/., 1991). 

Castro et al. (1991) described tempestites from the lower part of the Tahara 

Formation in the Murzuq basin. The Tahara Formation has similarities with the 

Aouinate Ouenine Formation (IV). Bracaccia et al. (1991) suggested that this 

formation together with the Aouinate Ouenine Formation (IV) was deposited as a 

single sedimentary cycle. Furthermore, Weyant and Massa (1991) argued that 

the Tahara Formation and underlying Aouinat Ouenine Formation (IV) represent 

the final cycle of Devonian age. These two formations make up the Strunian and 

the Famennian, and it is difficult to distinguish between them despite the 

abundant spores (Weyant and Massa 1991). In the Ghadames basin, it is a 
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subsidence (Massa and Moren- Beroit 1976). The M'rar Formation conformably 

overlies the Tahara Formation. 

M'rar Formation: Carboniferous (Tournasian-Visean) 

M'rar Formation, described from Awaynat Wanin-Dembaba (type section) and 

core in well B1-49 and A1-49 (Billini and Massa 1980) is over 800 m thick at the 

type section locality. The M'rar Formation consists of silty shale intercalated with 

sandstone and siltstone. Sandstone within this formation (M2 member, informal 

nomenclature of Sirte Oil Company), described from wells in western Libya, is 

well sorted, fine- to very fine-grained, with subangular to subrounded grains and 

slightly calcareous. It contains traces of mica and has excellent porosity 

(Machinsky et al., 1987). The M'rar Formation is known to contain significant gas 

shows and has oil potential. It comprises deltaic deposits developed on relatively 

stable cratonic areas which contain 15, dominantly coarsening-upward, 

depositional cycles (Whitbread and Kelling 1982). In the present study the base 

of this formation is recognized in well CI-49 where shale was deposited above 

the upper Tahara sandstone (based on the core data and palynological 

samples). Thus, the basal part of the M'rar Formation forms the cap rock and 

possible hydrocarbon source for many of the producing reservoirs in the 

underlying Tahara sandstones. 

Assedjefar Formation: Carboniferous (Serpuldiovian-Lower IVIoscovian) 

Assedjefar Formation is also described from the Awaynat Wanin-Dembaba type 

section and core in well B1-49 and A1-49 (Bellini and Massa 1980). The lower 

part consists of thick sandstone with abundant Lycophytes, whereas the upper 

part consists of shale and limestone (Bellini and Massa 1980). The upper contact 

of the Assedjefar Formation is conformable with the overlying Dembaba 

Formation. 
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Dembaba Formation: Carboniferous (Bashl<irian-Lower IVIoscovian) 

The Dembaba Formation is a marine to transitional sequence of carbonates 

(limestone and dolomitic marls), locally intercalated with thin, very fine to fine

grained sandstone. Based on the brachiopods and foraminifera, Bellini and 

Massa (1980) suggested that the lower Dembaba was Bashkirian whereas the 

upper was lower Moscovian. 

Burollet (1960) divided this formation into three members: an upper limestone 

member with a rich fauna of productids and gastropods; a middle shale member 

with local sandy dolomitic beds and rare gypsum; and a lower limestone and marl 

member intercalated with dolomite and green shale. The Dembaba Formation 

passes gradationally upwards into the overlying Tiguentourine Formation. 

Tiguentourine Formation: Upper Carboniferous 

The Tiguentourine Formation is recognized from outcrops south of Al Hamada al 

Hamra (Ghadames basin) and from subsurface data (well A1-49 and B1-49) in 

the southern part of the Ghadames basin. This formation is described from 

Algeria (near Algeria-Libya boundary) where thicknessess reach 300 m. It 

consists of homogeneous red-brown dolomitic shale and layers of shaly dolomite 

and anhydrite. 
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Chapter 2 

Sedimentary Facies 

2.1-Introduction 

Facies is defined as a body of rock with specific features (Reading 1986; Walker 

1992). It can be classified on the basis of bedding, composition, texture, biogenic 

features and sedimentary structures. Facies analysis from borehole cores 

provides a reliable method for subsurface study, particularly where cores are 

continuous and include the boundary between facies. Facies can then be 

subdivided into subfacies or grouped into facies associations or assemblages, 

which provide the basis for interpretation of the depositional environment. 

This study has been carried out on slabbed cores and has focused mainly on 

lithofacies analysis, vertical facies sequences in each of the wells, and lateral 

facies relationships between wells. The vertical relationships and characteristic 

sedimentary structures of each facies identified in the wells are presented in Fig. 

2.1. Facies analysis and analogue modelling of modern depositional 

environments suggest that most of the sediments were deposited in shallow-

water marginal and nearshore-marine environments characterised by waves and 

storms. The analysis and interpretation of the core succession allow seven facies 

to be recognised based on core and electric log data from type well CI-49, 

supplemented by core data and wireline log data from the other 5 wells (K1-1, 

A1-NC151, ATS1, ATS2 and B1-49) (Fig. 1.1). Each facies is identified on the 

basis of lithology, sedimentary structures and biogenic features. The first four 

facies have been grouped into a facies association (Table 2.1). 
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Fig. 2.1 Lithology and sedimentary 
structures for the cored interval 
between 1041 m (3415') and 981 m 
(3220') in type well CI-49. 
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2.2-Description and Interpretation of Facies 

The maximum vertical succession is approximately 67 m (220') in type well C1-

49 (Fig. 2.1). The sedimentary facies and their lithological, sedimentological and 

biogenic characteristics are described below: 

2.2.1-Laminated shale 

Description 

This facies is restricted to the lowermost part of the succession and is 

represented by the cored interval from 1041 to 1037 m in well CI-49 (Fig 2.2). It 

consists of horizontally-laminated shale , with between 10-20% of very fine

grained sandstone and siltstone. 

The shale is black to dark-grey, locally brownish black, highly micaceous, and 

silty in character with fine sub-mm thick, horizontal laminea. The subordinate 

sandstone and siltstone occur as parallel to very gently inclined, mm to sub-mm 

thick laminae and lenses within the shale. These commonly have sharp bases 

and locally diffuse tops, gradational into siltstone and/or shale. Very rare small-

scale ripple cross-lamination < 1 cm thick is present in the sandstone and 

siltstone. 

About 10% of the total facies is bioturbated. Burrows, which occur within the 

shale laminae, are < 5 mm long and mostly vertical to oblique but with some 

horizontal burrows up to 2 mm in diameter. The burrows are filled with very fine 

sandstone and/or siltstone. A dark reddish brown ironstone bed 2 cm to 4.5 cm 

thick is prominent at the top, and along the base of the facies (Fig. 2.2). The top 

ironstone bed is nodular with individual nodules < 2 cm long, containing small-

scale vertical to horizontal cracks, possibly filled with white kaolinite clay. 
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Interpretation 

Since the dominant lithology of this facies is fissile dark-grey to black shale with 

minor siltstone and/or sandstone laminae, the most likely depositional setting is a 

quiet-water marine environment (De Raaf, et al., 1965; Hein at al., 1991). The 

weak bioturbation and lack of body fossils imply an oxygen-deficient 

environment, unsuitable for supporting an extensive benthic fauna. Black shale 

facies are characterised by variations in the oxygen conditions under which they 

accumulated (Johnson and Baldwin 1996). The dark-grey to black colour of the 

shale probably represents the high content of very fine carbonaceous detritus, 

whereas the presence of horizontal laminae indicates deposition mainly from 

suspension under low-energy conditions such as an offshore shelf (Johnson and 

Friedman 1969). Mud and silt were probably washed onto the shelf by rivers, 

especially during flood events, and by shelf storm events as documented below. 

The facies shows subtle changes in colour from darker shale to lighter 

siltstone/sandstone indicating periodic changes in sedimentation rates from 

relatively slow to fast. Weak grading is developed in the paler sandy and silty 

laminae and lenses. The sand laminae and lenses probably record storm events 

on the shelf throwing sediment into suspension, followed by traction currents and 

the development of small ripple bedforms, subsequently presen/ed by fine 

suspension deposits (Reineck and Singh 1972). The laminae commonly have 

sharp bases and locally diffuse tops, features characteristic of shelf storm 

deposits (tempestites). Graded layers have been attributed to diverse causes in 

different environments (Clifton 1969; Figueiredo et al., 1982). On marine shelves 

thin graded layers may reflect deposition from distal storm-generated flows which 

alternated with mud deposited from suspension during fair-weather (Johnson and 

Baldwin 1996). Swift (1969) argued strongly that storms on shelves generate 

graded deposits. Reineck and Singh (1972; 1973) interpreted a couplet of coarse 

and fine sediments in the North Sea as a storm deposit, and Kumar and Sanders 

(1976) described storm deposits in cores from the nearshore environment in New 

York and Virginia. They argued that the sand was dispersed in turbulent 
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suspension or transported into the offshore. Thin laminated sand with possible 

ripple profiles was rapidly deposited out of suspension as the storm waned. 

The facies is locally reddish brown in colour due to the presence of iron minerals 

within the sediment. Locally developed ironstone, however, typically accumulates 

in a marine or near marginal setting. The ironstone nodules suggest an early 

diagenetic origin as explained in detail below. 
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Fig. 2.2 Detailed section for the cored interval between 
1041 m (3415') and 1036 m (3398') in well CI-49, showing 
Facies 1 and 2 (Table 2.1). 
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2.2.2-lnterlaminated and bioturbated shale and sandstone 

Description 

This facies, represented by the cored inten/al 1037 m to 1036 m in well CI-49 

(Fig. 2.2), and the cored interval 1310 m to 1309 m from well K1-1 gradationally 

overlies the laminated shale facies. It consists of irregularly interlaminated shale 

(60%) and sandstone (40%), and is commonly moderately bioturbated. 

The shale is dark-grey to black with horizontal to subhorizontal and irregular wavy 

laminae < 1 cm thick. The laminae generally have sharp bases and tops, some 

grade into siltstone. Millimetre to sub-mm thick streaks and lenses of fine 

sandstone and siltstone up to 1 cm long appear to "float" within the shale. 

Burrows occur in the shale and are prominent on bedding surfaces. These are < 

1 cm long, vertical to oblique and locally curved. Horizontal burrows less than 1 

cm in diameter, filled by siltstone, also occur. The sandstone is light grey, very 

fine-grained, well-sorted and mature with individual grains predominantly rounded 

to subrounded. It occurs as irregular laminae and beds a few mm's to 1.5 cm 

thick, with sharply defined horizontal to subhorizontal inclined laminae. A 

subordinate sandstone bed from well CI-49 shows rare prominent hummocky 

cross-stratification up to 2.5 cm thick, interrupted by bioturbated shale. Vertical to 

subvertical burrows < 5 cm long, and < 5 mm wide occur throughout the 

sandstone. Burrows which occur within the facies include Skolithos and 

Chondrites. 

Interpretation 

The facies contains a trace-fossil assemblage which is considered to be the 

product of variable energy conditions in an open-marine environment (Frey and 

Pemberton 1984). The increase in sand content from the underlying laminated 

shale facies, and gradational contact between them, indicates that generally they 

form part of the same progradational succession. The irregular alternation 

between sand and shale reflects alternating periods of high and low-energy, and 
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fluctuations in sediment supply and current velocity, typical of shelf storm events, 

as described by De Raaf et al. (1965). The dominance of shale and thinner 

siltstone and sandstone indicate a shelf receiving mainly fine-grained detritus 

(Turner 1980). The sharp bases and tops to sandstone laminae are considered 

to have been emplaced by storm conditions. Furthermore, sharp laminae are 

indicative of rapid emplacement of sediment concomitant with high flow 

velocities. The parallel and subparallel lamination was possibly created by wave 

generated currents above wave base (Rine and Ginsburg 1985; Hamblin and 

Walker 1979). 

The sandstone locally shows hummocky cross-stratification. The latter was 

originally defined by Harms et al. (1975) who suggested that the long, low 

undulating bedforms were produced by storm wave energy below fair-weather 

wave-base. Hummocky cross-stratification interrupted by bioturbation suggests 

that the latter were developed during fair-weather conditions. Sandstone layers 

may form from settling of suspension clouds during floods when abundant fine 

sand is flushed on to marine shelves, especially during river floods. The 

presence of escape burrows within the sandstone suggests storm sand layers. 

This fades is interpreted to represent deposition in a marine-shelf setting. 

2.2.3-Parallel laminated and ripple cross-laminated sandstone 

Description 

This fades represents the interval from 1036 m to 1034 m and 1033 m to 1032 m 

in well CI-49 (Fig. 2.3a). The sandstone contains parallel lamination and small-

scale, low-angle ripple cross-lamination interpreted as hummocky cross-

stratification (Figs 2.4 and 2.5). The sandstone consists predominantly of clean, 

micaceous, fine to very fine-grained sandstone containing disseminated fine

grained carbonaceous detritus. The laminae, which range from 5 mm to < 1 cm 

thick, are defined by very thin mm to sub-mm thick, carbonaceous drapes. Some 

sandstones are massive or indistinctly laminated. 
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Fig. 2.3 Detailed section for the cored interval (a) 1036 m (3398') 
and 1030 m (3380') in well CI-49 and (b) 1313 m (4309') to 1311 m 
(4302') in well K1-1, illustrating facies 3 and 4 (Table 2.1). 

The facies locally consists of thin, irregularly interlaminated sandstone and 

greyish-brown shale. A subordinate 50 cm thick shale bed, containing mm to 

sub-mm thick streaks and lenses of fine sandstone and/or siltstone occurs in the 

middle of the facies (Fig. 2.3a). Burrows occur, mainly associated with the shale, 

but some also occur in sandstone. They are predominately horizontal, < 1 cm in 

diameter, and filled with light grey siltstone or very fine sandstone. A few small, 

narrow vertical burrows < 1 cm long also occur in the sandstone. The burrows 

include Skolithos and Chondrites (Fig. 2.6) 
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w £ - L L No: C l - 4 9 . CORE No. 15 
BOX No. 1 

DEPTH 3386 ft.-3390 ft. 

Fig. 2.4 Slabbed core sample from well Cl-49 
showing parallel lamination in the lower part 
overlain by hummocky cross-stratification, 
emphasised by very thin mm thick carbonaceous 
drapes. Arrows show curvature of lamination 
within the hummocky cross-stratification. 

This fades is similar to the fades in the cored interval 1313 m to 1311 m in well 

K1-1 (Fig. 2.3b). This interval consists predominantly of sandstone and 

subordinate shale (10%), and is mainly structured by horizontal bedding and low-

angle cross-stratification. The lower part of the facies, with an overall thickness of 

90 cm, is characterised by horizontally-bedded sandstone containing vertical 

burrows up to 5 cm long, and rip-up mud clasts < 3 cm in diameter. The latter 

rarely occur in the upper part of this facies and show a distinct fabric parallel to 

bedding. Individual beds are > 1.5 cm thick, with local thicker sandstone beds 

ranging from 3 cm to 12 cm but with poorly developed sedimentary structures. 

This lower part is followed by a 15 cm thick bioturbated sandstone with 

ferruginous nodules 2 cm in diameter, which is directly overlain by low-angle 
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