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ABSTRACT 

The map sheet area of NF34-3 Hassi Nafou is located in southeast Libya, lying in the 

northwestern part of the Al Kufrah Basin between northern latitudes 23.00º–24.00º and 

eastern longitudes 21.00º–22.50º. The plateau of Jabal Garandi covers a large part of the 

area, and the southernmost offshoots of the Rabyanah Sand Sea cover the northern and 

western regions. The lithology is surprisingly diverse, in spite of the monotony of 

siliciclastic deposits on the map sheet.  

 

 

Figure 1. Location of the geological mapping area in the Al Kufrah Basin  

and the Hassi Nafou sheet (NF 34-3) 

The oldest rocks are present on the westernmost corner of the sheet, which is the 

eastern edge of the Jabal Abubaker. These sediments belong to the Permian–Triassic 

sedimentary cycle which is introduced as Qarat al Hamra Formation in this study. 

 

The Qarat Al Hamra Formation was divided into two major units based on the facies, 

the general trend of grain size, the thickness of beds and the maturity of the erosion 
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surfaces. These units are in accordance with the stratigraphic division of the Murzuq 

Basin, as the first cycle corresponds with the Zarzatine, and the second with the 

Taouratine Formation. The presence of Permo-Triassic beds was confirmed in the logs 

of the A1-NC43 well which is located in the northern area of the sheet. The overlying 

beds are identified as the El Burg Formation, which is defined as Upper Jurassic-Lower 

Cretaceous in this study. This stratigraphic unit covers large area on the sheet and its 

upper succession contains carbonatic sandstones and marl beds in the vicinity of Hassi 

Nafou artificial (dug) well on the northwestern area. The carbonate bearing successions 

were introduced as the Rabyanah Bed of the latter formation, and probably correspond 

with the Neocomian Chieun Limestone on the southwestern region of the Kufrah Basin. 

Towards the southeast, the sandstone and siltstone successions of the Permo-Mesozoic 

show a youngening and thickening tendency and the Rabyanah Member thins out or it 

was eroded. 

The Upper Cretaceous continental sedimentary succession was observed on the 

central regions and in the northeastern and southeastern corners of the sheet. Although 

the general trend of youngening is also towards the SE, a thickening of these sediments 

was detected under the plateau of the Jabal Garandi. The Upper Cretaceous sediments 

were introduced as Al Jawf Formation. 

The Cenozoic evolution of the area was reconstructed, and the plateau of the Jabal 

Garandi was considered as a residual paleo-surface which once formed a shallow 

depression but later, due to geographic inversion, it had elevated to the recent position. 

Fluvial sediments of north-flowing rivers were also detected in the northwestern area. 

The Quaternary sediments can be divided into three main categories according to their 

genetics: the evaporites (sabhka facies), together with the playa- and lake sediments, the 

gravity driven deposits, like proluvial and colluvial debris, and the eolian sediments 

(sand sheets and dunes). Sediments of older pluvial and arid periods were also 

distinguished. 

Structural mapping revealed mainly joints and minor faults, which refer to extension. 

On the northwestern corner of the mapping sheet in the Jabal Abubaker area, remnants 

of post-volcanic hydrothermal activity were detected. 

Concerning the mineral raw materials, several samples were collected for thin section, 

heavy mineral, chemical and X-ray analyses in order to measure the amount of iron, 

kaolin, silica, carbonate, titanium, and zirconium content, and to study the chemical 

conditions of crystallization. Scarce source of raw material was recorded, except for the 

inexhaustible source of silica-sand, and sandstone. The high barium content in the Jabal 

Abubaker area refers to the presence of ore-forming hydrothermal fluids. 

On the unpopulated Hassi Nafou sheet, the actual environmental state of the area was 

observed and the palaeo-environmental state was reconstructed from palaeosoil under 

the desert pavement of the sarirs. Archeological founds of Neolithic stone tools were 

also examined. 
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INTRODUCTION 

The mapping works completed on the sheet represent part of the Regional Geological 

Mapping Project conducted in the central Al Kufrah Basin in the southeastern part of the 

Libya upon the contract of Technical and Scientific Cooperation between Industrial 

Research Centre (IRC), Libya and Er-Petro Consulting ltd, Hungary. This sheet is one of 

the twelve sheets mapped within the project along with the following sheets; NG 34-15 

Rabyanah, NG 34-16 Al Kufrah, NF 34-4 South Al Kufrah, NF 34-7 Bir Al Sulaya, NF 

34-8 Jabal Al Sharif, NF 34-11 Matan Al Sarah, NF 34-12 East Matan Al Sarah, NF 34-

15 West Irq Al Idrisi, NF 34-16 Irq Al Idrisi, NE 34-4 South Irq Al Idrisi, NF 35-13 East 

Irq Al Idrisi. 

 

The mapping project was planned - on the basis of the relatively simple geology - as a 

remote sensing project. The main information to rely on was the interpretation of the 

differently filtered satellite images. The main goal of the remote sensing was to 

accelerate the field observation with the help of detailed preliminary photo-geological 

maps. The field mapping works were organized in two short periods of altogether 10 

weeks on the 12 map sheets. 

 

PREPARATORY WORKS 

Prior to the field work, preparatory office work was carried out in the premises of Er-

Petro Ltd. from 2008 June, with the participation of the specialists of Er-Petro Ltd,  

Péter Csontos, Miklos Loránt, Kornél Csontos, Zsolt Réti and other experts from various 

institutions: 

Prof Dr Gábor Tímár – remote sensing , ELTE University; 

Prof Dr Földessy János – geological literature, University of Miskolc; 

Dr György Less – stratigraphy and mapping , University of Miskolc; 

Dr Zoltán Unger – remote sensing . 

Collection of existing data and literature 

First, collection of the previously published and accessible unpublished studies and 

relevant data about the mapping area were performed. All available and possible sources 

of material were examined, including online resources, libraries of geological institutes 

and universities for published material, the central library of the Industrial Research 

Centre of Libya, where significant amount of published and also unpublished material 

were found with the assistance of the experts working at the Industrial Research Centre. 

Numerous recent studies were purchased when it was deemed necessary. The source 

information were classified and evaluated according to their themes. A training-

workshop was organized on the results with the participation of IRC geologists. 
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Topographic base map 

Parallel to the evaluation of the published literature, a digital topographic base map 

series of scale 1:250,000 was created, covering the mapping area. For this purpose, the 

Russian military topographic map series of scale 1:200,000 was used. 

 

However, comparing the resulting digital topographic map with public satellite 

imagery, significant deviations were discovered. Therefore, with the consent of IRC, 

these maps were abandoned. The final version of the topographic base map series were 

created from  SRTM (NASA, Shuttle Radar Topography Mission) data. 

Topographic nomenclature 

Geographical names of prominent hills, wadis and other features were imported 

mainly from the Russian maps. This naming convention was later checked, 

supplemented and corrected during the field works. 

The above process of creating the final topographic map of the area was done together 

with IRC experts, partly in Libya and partly in Hungary through numerous visits of the 

participants to each other. 

The resulting topographic map that serves as base map of the Al Kufrah Basin region 

is in good conformance with the satellite imagery, SRTM data and current local 

knowledge. 

Preliminary photogeological map 

When the digital topographic map was ready, but still prior to the field work, a digital 

preliminary photogeological map series was prepared, based on the remote sensing data 

and evaluation of the relevant geological literature. 

Supporting the forthcoming field work, the design of the preliminary geological map 

of East Matan Al Sarah was based on Landsat 7 ETM+ multispectral satellite images 

from the Global Land Cover 2000 series (Earth Sat Corp. 2000). Unfortunately, no low 

altitude aerial photographs were available from the study area. 

More than fifty different filtering configurations were tested on the actual satellite 

imagery, before selecting the three most prominent types. These filtered images were 

later used in the delineation of the geological formations. 

Image filtering training 

During the works a special satellite image filtering training was held to the project 

participants by Professor Gábor Timár of the Eötvös University, Budapest. Four Libyan 

colleagues Khaled Bashir M. Trish, Jalal B. E. Elgargoti, Masoud Hanbola and Mokhtar 

Elalam participated on this training. 

Printing of field maps 

The following maps were prepared to help the field works using all above mentioned 

source material. 

o preliminary photo-geological map scale 1:250,000 

o preliminary photo-geological map scale 1:100,000 

o topographical map scale 1:250,000 
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o Satellite images in different coloring and filtering in scale 1:250,000 

o Satellite images in different coloring and filtering in scale 1:100,000 

o SRTM images in scale 1:250,000 

All maps and images were uniformed in scale and projection system and imported 

into the digital field equipment for quick reference and navigation. 
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FIELD WORKS 

To validate and correct the delineation of the exposed rock units on the preliminary 

satellite geological maps field field works were conducted. The field geological 

mapping and systematic collection of relevant geological data were obtained by 

description of field sections, scintillometric measurements and sampling for laboratory 

investigations, as well as structural, topographical and geographical observations. 

Field documentation was backed up by a complex digital field data collection system, 

includinging hand-held computers (TRIMBLE JUNO PDA with built in GPS) and 

digital cameras (RICOH Caplio 500SE-W with Bluetooth connected GPS units). This 

system allowed direct field GPS data acquisition, providing that the collected data and 

photographs were georeferenced already during the field work. All the observation 

points were documented by digital photographs and represented by geographic 

coordinates and elevation data. The obtained data were typed into the hand-held data 

acquisition system in a consistent data form that included all field comments, 

descriptions, sample references and all administration data of the observing field 

geologist. Data were processed on laptop computers primarily in the field, and later in 

office workstations. The digital processing of the maps and the numeric data was 

completed using GEOMEDIA 6.0 and MS Access software, and was integrated into the 

GIS system of the Industrial Research Centre. 

 

In the first season, two field teams operated in the mapping area. From the Hungarian 

side, M. Loránt led the expedition and J. Kalmár (raw materials), G. Albert (tectonics), 

Zs. Réti (stratigraphy) K. Csontos (informatics) formed the permanent staff dealing with 

their own specialties. From the Libyan side, Bashir El Mehdi Project director had led the 

expedition and K. B. M. Trish, J. B. E. Elgargoti (geologists) and A. M. Elgrewi 

(geographer) had formed the permanent scientific staff. Visiting experts as P. Csontos 

(hydrogeology), G. Császár (stratigraphy) and Gy. Less (sedimentology) had spent 

shorter periods in the field. 

In the second season, the permanent staff was extended with Z. Lantos and L. 

Koloszár geologists from the Hungarian side because the large territory made it 

necessary to put a third mapping team into operation. Visiting experts of the second 

season were L. Fodor (tectonics), G. Csillag (geomorphology) and P. Csontos 

(hydrogeology). 

 

Due to the extremely large territory to be mapped, the daily works were organized 

from base camps and flying camps. In the base camp Kornél Csontos as IT specialist of 

the expedition collected and sorted the data, gained during the field work in the palmtop 

computers and loaded to the Geomedia database. Day by day, the field teams received 

actualized satellite maps in digital and printed form. 
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Figure 2. Overview of the mapped area in the Al Kufrah Basin 
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COMPLETION WORKS 

Laboratory works 

Special studies and fossil determinations were carried out by the following specialists: 

J. Kalmár (Geological Institute of Hungary, description of thin and polished sections); 

J. Szabó (SzIKKT Ltd., Hungary, scanning electron microscope studies); 

P. Kovács-Pálffy and P. Kónya (Geological Institute of Hungary, X-ray 

diffractometry); 

M. Braun (ANALAB–Univ. of Debrecen, Hungary, chemical and ICP-OMS 

analisys); 

Mrs. Z. Partényi (Geological Institute of Hungary, grain size analysis); 

Gy. Gyuricza, (Geological Institute of Hungary, heavy mineral analysis); 

M. Bálint (Bálint Analitika Ltd., Hungary, Heavy toxic metals in soil/THC analysis); 

Gy. Füleki (St. Stephanus University, Hungary, soil analysis); 

E. Babinszki (Geological Institute of Hungary, trace fossils); 

E. Nagy-Bodor (Geological Institute of Hungary, palynology); 

M. Klusek (Univ. of Krakow, Poland, xylotomy); 

M. Barbacka (Hungarian Museum of Natural Sciences, plant fossils). 

The chemical analysis of the major elements was performed in the laboratory of the 

Industrial Research Center by ICP method while the stable isotope (13C and 18O) 

analysis was conducted by the Geochemical Laboratory of the Hungarian Academy of 

Sciences. 

Final edition of maps 

The third phase included elaboration of the geological maps of scale 1:100.000 and 

1:250.000, structural map of scale 1:250.000 and mineral raw material map of scale 

1:250.000. 

All field and laboratory information are compiled in a general report and the relevant 

explanatory booklet describing the geological maps, laboratory findings and al general 

features found in the area by the field geologists. 

The cartographic works were completed by Márton Forián-Szabó, Tamás Kürti, and 

Kornél Csontos. 

The explanatory booklet of the Hassi Nafou map sheet was prepared collectively by 

the Libyan-Hungarian working team and was revised by Bashir El Mehdi and Péter 

Csontos. The main contributors of the different chapters are as follows: Dr. Gáspár 

Albert: Abstract, Introduction, Previous geological studies in the Kufrah Basin, 

Physiography & Geomorphology, General geology, Stratigraphy, Geological history of 

the Kufrah Basin, Conclusion; Dr. Gáspár Albert, Dr. László Fodor: Structural geology; 

Dr János Kalmár: Mineral raw Materials, Environmental geology; Péter Csontos, Zoltán 

Gulácsi, Dr. Gáspár Albert: Hydrogeology; Bashir El Mehdi: Extracted Arabic 

interpretation. 
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PREVIOUS GEOLOGICAL STUDIES  

IN THE KUFRAH BASIN 

The first geoscientist, who visited the Al Kufrah Oasis in 1879, was Frederic Gerhard 

Rohlfsthein (Rohlfs, 1881, Klitzsch, 1994, Lüning et al. 2000). He was also the first 

European explorer, who drew a detailed, but inaccurate map of the Libyan Desert. 

Thorough geological exploration of the Al Kufrah Basin started with the mission of 

the Italian Ardito Desio in 1930-33, who approached this region from the Mediterranean 

seaboard and reached north-west Sudan and south-west Egypt. The similarity of the non-

marine cross-bedded sandstone-siltstone succession in these areas made Desio to firstly 

use the already known term of “Nubian sandstone” in SE Libya, distinguishing these 

beds as the “Kufra series”. He was unsure about the exact age of this series so he 

described it as Late Paleozoic–Mesozoic age. 

At the same time, more to the west in Algeria, Kilian (1931) met almost the same 

uncertainty, when he tried to work out a detailed stratigraphic classification of the 

continental sequences above the marine Carboniferous, and below the marine 

Cenomanian rocks. He finally introduced the term “Continental Post Tassilian” for the 

mainly fluvial, generally un-fossiliferous clastic beds, and “Continental Intercalaire” for 

the marine-influenced upper part of the succession. These terms were later used widely 

in the Libyan stratigraphy. 

The uncertainty of the age and exact boundary of the continental Late Paleozoic and 

Mesozoic formations in Southeast Libya did not change much since Desio’s expedition; 

it is still an unsolved problem for the stratigraphers. Consequently, the terms “Nubian 

sandstone” and “Continental Post Tassilien Group” is still in use, even though several 

authors suggested and tried to break it up into individual formations (i.e. Pomeyrol, 

1968; Klitzsch, 1970). 

Desio in 1935 introduced the term “Kufra series” to describe all the sequences that 

mainly consist of quartzitic sandstone beds in the vicinity of the Al Kufrah Oasis. He 

also used the term “Nubian sandstone” for most of the continental clastic succession of 

the Paleozoic, and all of the Mesozoic in Southeast Libya, while the Kufra series were 

only a part of this monstrous unit. Later the term “Nubian” was used rather as a 

synonym for the “Continental Post Tassilian” (Banerjee, 1980), until it remained a valid 

name for only the Lower Cretaceous continental series of the Sirte basin (Barr & 

Weegar, 1972; Starkie et al. 2008). 

Banerjee (1980) considered that the name “Kufra series” corresponds approximately 

to the “Nubian” sandstone and limited it to the Al Kufrah Basin, but in his case the 

“Nubian” sandstone was already restricted to the Middle Jurrassic to Lower Cretaceous 

formations. This application of Desio’s original term is quite confusing. The uncertainty 

of the chrono-stratigraphic position of the “Kufra series” was underlined by Burollet 

(1960), who found beds in this area - containing undoubtedly Paleozoic fossils. During 

the geological mapping in 2008 and 2009, which included almost the whole Al Kufrah 

Basin, the presence of these beds was also observed. 
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After the pioneering Italian expedition, the next wave of geological interest in the Al 

Kufrah Basin arose in the 1950’s when the D’Arcy Exploration Co. Ltd (British 

Petroleum) carried out aerial and ground surveying in SE Libya, searching for petroleum 

(Gurney, 1996; Lüning et al. 2000). From the point of view of the hydrocarbon industry 

the exploration wasn’t a success. On the other hand, the boreholes revealed huge water 

resources under the surface of the Al Kufrah Basin, the Nubian Sandstone Aquifer. The 

ongoing hydrogeological explorations around the oasis of Kufrah resulted in a well-

field, providing enough water for the extensive irrigation in the area. 

The third expedition wave of the Al Kufrah Basin started in the mid sixties. The target 

of the explorers was the Silurian “hot shale succession”, the source rock of the expected 

hydrocarbon fields. The presence of the Silurian shale on the Northern (Tanezzuft 

Formation) and Southwestern flanks of the Al Kufrah Basin was promising, although the 

hot shale was thinner and sandier than it was in the Murzuq basin. The fieldwork of 

Burollet (1963), De Lestang (1965) and Klitzsch (1966) added more pieces to the 

puzzle. Klitzsch (1966) described the Silurian shales of the southwestern Al Kufrah 

Basin as Bedo formation. 

While he introduced new terms frequently, Klitzsch (1966) in his expedition used the 

term “Kufrah Series” for a 300 m or thicker sequence of fine to coarse grained, 

crossbedded sandstone and conglomerate, interbedded with varicolored silty shales, that 

lies east from Jabal Eghi. The sandstones are white, red or brown and contain silicified 

wood (Dadoxylon). 

De Lestang (1965) led an exploration to the Chadian part of the basin (Erdis Basin) 

along the track that runs from Faya-Largeau to Tekro in the Libyan–Chadian border 

area, and distinguished several formations (see Figure 3). These formations, that contain 

only really sparse fossils, are very similar to the beds of the “Continental Post Tassilien” 

or the “Kufra series”. The Tekro Formation however, is quite similar to the Nubia 

Formation (i.e. Oweiss, 2007) and includes most of the thick, medium-grained to 

conglomeratic, massive and crossbedded, light brown, red and white sandstone series, 

exposed on most of the surface of the central sag of the Al Kufrah Basin. These beds 

may also contain plant fossils. However, in lack of fossils, age determined of 

De Lestang (1965) could have been relying only on the stratigraphical position. In the 

current works the same method was applied, except that the series were not devided into 

different formations, based on the frequency of different grain-sized beds. 

By studying the south-eastern parts of the Al Kufrah Basin south of Jabal Al 

Uwaynat, Burollet (1963) found a calcareous level, named as Chieun Limestone that 

divides the “Nubia series” into three parts. This limestone body that separates the Lower 

and the Upper sandstone levels was also reported by De Lestang (1965). 

At this time, besides the expedition of De Lestang, seismic surveys and drilling of five 

shallow boreholes into the Silurian–Carboniferous strata took place in the Chadian part 

of the Al Kufrah Basin (Erdis Basin) (Lüning et al. 2000). As the closure of this phase, 

Pesce (1968) published the first satellite-image based overview study of the Al Kufrah 

Basin. As a continuation of this exploration wave, concession areas for oil exploration 

were designated. In 1974 AGIP licensed an area and drilled the A1-NC43 and B1-NC43 

boreholes on the northern part of the Al Kufrah Basin, close to Rabyanah and Kufrah 

oases. 
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The A1-NC43 exploration well reached the basement in a depth of 2908 m 

and the B1-NC43 in a depth of 3053 m. Both wells penetrated the entire 

Palaeozoic succession which consists predominantly of sandstones (Lüning et 

al. 1999). The exploration was given up here because the Silurian “hot shale” 

was absent in both exploration wells (Bellini & Massa 1980, Bellini et al. 

1991). Concerning the Paleozoic succession of the Al Kufrah Basin, these boreholes 

provide substantial subsurface stratigraphycal and palynological data. On the other hand, 

the boreholes provided less data about the Mesozoic basin fill. The A1-NC43 revealed 

Late Permian and Late Triassic microflora, while in the B1-NC43 only the Permian was 

proved (Grignani et al 1991). The uppermost few hundred meters of the boreholes 

were barren, but the Cretaceous Nubian sandstone was assumed. After the two dry 

wildcat borehole the drilling activity and the exploration was halted for a long time. 

Besides the boreholes, 2D-seismic sections acquired in the last 20 years by AGIP, 

AGOCO and OMW together with NOC, revealed the general subsurface geometry of 

the Al Kufrah Basin (Herzog et al. 2008). The general sag structure of the Al Kufrah 

Basin seemed to be very similar to the geometry of the Murzuq Basin in SW Libya. This 

conclusion had generated a new wave of interest from the oil industry at the end of 

1990s. This time, the new discoveries of hydrocarbon in the Murzuq Basin gave the 

initial push for the explorations. 

Parallel with the search for hydrocarbons, mapping activity aimed for other resources 

has started in the seventies. Photogeological maps, mosaics, airborne geophysics and 

geological mapping of the Jabal Al Uwaynat area were made by Hunting (1974), 

producing preliminary verifications for the radiometric anomalies and base metal 

occurrences. In the vicinity of the ancient crystalline rocks of the Uwaynat Massif, 

alkaline ring intrusions of tertiary age were documented (Atherton et al. 1991). 

The outcrops of the central sag of the Al Kufrah Basin was considered entirely as 

Cretaceous on the 1:1,000,000 scale geological map of Libya (IRC 1985). Looking at 

the map, this homogeneity seemed to be broken only by the Quaternary sediments but, 

in the field, it became obvious, even after a few days, that the presence of the entire 

“Continental Post Tassilian” in the Al Kufrah Basin is very likely. On a significant part 

of the area, the rock sequences appearing on the map as Cretaceous tuned out to be 

older, and the vast unconformity between the Carboniferous and the Cretaceous seemed 

to be replaced by a nearly continuous Permo-Triassic and Jurassic sedimentary 

succession of fluvial sandstones and siltstones. During the present study, we also 

managed to distinguish the post-Mesozoic continental sediments from the Quaternary. 

These beds correspond with the ferruginous breccias marking an erosion surface in 

southern Egypt and northern Sudan (Nahon 1986, Herbillion & Nahon 1988). 

The nomenclature of the Western flanks of the Al Kufrah Basin was adopted from the 

Murzuk basin. The formations of the area were traditionally described as a part of the 

“Continental Post Tassilian”, so it was always mapped using or referring the names: 

Taouratine Formation (Jurassic–Early Cretaceous), Zarzatine Formation (Triassic) and 

Tiguenturine Formation (Permo-Triassic) (Klitzsch 1966, Herzog et al. 2008).  

On the eastern flanks of the Al Kufrah Basin, the latest geological mapping activity 

(Attia 2007, Oweiss 2007, Said & El Mehdi 2000, Said et al. 2000) applied the 

terminology which was used in Egypt for describing the Mesozoic clastic sequences. 
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The terms also include a “Nubia Formation” but this time it represents the Upper 

Cretaceous according to Issawi (1973).  

In later studies, Issawi & Jux (1982) presented a stratigraphical division for the 

Permo-Triassic (Abu Ras Formation), the Jurassic (Abu Ballas Formation) and for the 

Lower Cretaceous sediments of SW Egypt, introducing the term El Burg Formation. 

These names were also applied during the Libyan-Egyptian Joint Mapping Project of 

the Jabal Al Uwaynat (Oweiss 2007), Jabal Ashba (Said & El Mehdi 2000), Jabal 

Arkenu (Said et al. 2000) and Jabal Al Sádah (Attia 2007) map sheet areas. Oweiss 

(2007) used, however, the term “Abu Ras Formation” describing the Upper Jurassic, 

Lower Cretaceous sequences wrongly since the original paper of Issawi & Jux (1982) – 

which was also cited by them – introduced this term as the Permo-Triassic part of the 

continental sequence. During the current mapping project in 2008–2009 the terms of 

these map sheets were used mailny because the mapping works of the project were 

implemented on the adjacent area, but as the time passed, it was getting more and more 

clear that using these terms, especially the term “Nubia formation” will generate 

confusion. 

In the Stratigraphic Lexicon of Libya, Banerjee (1980) concluded that the term of 

“Nubian” sandstone, first used by Desio (1935) in South Libya, is most probably rather 

a facies than a time unit. However the rare plant fossils mostly refer to Jurassic and 

Early Cretaceous age, this only means that the beds of this continental “facies”, 

containing fossils, had deposited in the above mentioned time interval. In the current 

study we concluded the same. The lithological facies of the Late Paleozoic and 

Mesozoic rocks, found in the area, monotonously represent a fluvial environmment, and 

the macroscopic fossils were too rare to use as mapping criteria. Because of this, 

abandoning the paradigm of breaking up this lithostratigraphic unit altogether was taken 

into consideration, though in this case with the naming would couse some problems. 

The name “Nubian sandstone” is not entirely suitable, because it was either suggested 

to be abandoned from the lithostratigraphy of Libya (Pomeyrol, 1968; Klitzsch, 1970), 

or was used as a formation name for different stratigraphic units, with a different 

meaning from what was intended to cover with one name. More confusing is that the 

“Nubia formation” is entitled for only the Lower Cretaceous continental sandstones by 

petroleum geologists in the Sirte basin (Barr & Weegar, 1972) and on the geological 

map of Libya (Conant & Goudarzi, 1964), but it is described as Upper Cretaceous 

continental sediment in the Jabal Al Uwaynat area (Oweiss, 2007). This is the same with 

the “Kufra Series”, because it also covers too wide and too unsure time interval. 

„The term "Nubian Sandstone" has lost its original meaning and has been used so 

loosely that it must be abandoned in order to remove a worthless term from the 

stratigraphic nomenclature of North Africa.” (Pomeyrol, 1968) 

Pomeyrol’s idea may strongly be objected. As time passed since his proposal, the term 

“Nubian” will always be part of the North African terminology. Therefore the only 

possible way to avoid the confusion is to use this term as a valid and well defined unit. 

As a conclusion the stratigraphic nomenclature of SW Libya was partly used, and a 

new terminology for the Late Paleozoic to Cretaceous continental sandstone-siltstone 

succession was partly applied, although the two of them overlap with each other (see 

Figure 3).It was also clear that whatever terminology we use, the exact age of the rocks 

can not be defined unless fossils are found. 
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GENERAL GEOLOGY 

GEOLOGICAL OVERVIEW OF THE KUFRAH BASIN 

The Libyan part of the Al Kufrah Basin is surrounded by the following elevated areas: 

Tibesti High (Jabal Eghi) to the West, Jabal Az Zalmah to the North-East and the Jabal 

Arkenu to the East while southward the basin extends to the territories of Chad and 

Sudan. The cores of the elevated Jabal Eghi and the Jabal Arkenu areas are formed by 

Precambrian granitic and varied metamorphic rocks which are surrouded by varied 

Palaeozoic rocks while on the surface of the Jabal Az Zalmah older than Palaeozoc 

rocks are not found. Precambrian magmatic (mainly granitoid) and varied metamorphic 

rocks were documented with a few wells (B1-NC43, A-201/04 and NC198). The 

broader area contains metaigneous complexes of tonalite-trondheimite-granite and 

gabbro-diorite gneisses. The whole-rock Sm-Nd isochron age is 3.16+-0.16 Ga, the 

average Nd-T is 3.17+ -0.04 Ga (Hassan & Kendall 2010).  

The Al Kufrah Basin is filled with Palaeozoic and Mesozoic prevailingly terrestrial, 

subordinately marine sedimentary rocks. It can be subdevided into Northern and 

Southern subbasins by a central saddle. The speciality of the Al Kufrah Basin is that the 

Precambrian basement of the larger Southern subbasin is less deep as it is in the smaller 

Northern subbasin. Based on the interpretation of the seismic measurements according 

to Herzog et al. (2008) the Northern subbasin is deeper than the Southern one by more 

than 1000 m (the absoluth depth is more than 4000 m in the North). The recent form of 

the surrounding arching is result of the Caledonian and Variscan orogenies. 

The fault bounded grabens were formed during the Infra-Cambrian. According to Le 

Heron et al. (2009) a 500 m thick clastic succession of massive or cross bedded 

sandstone with a 60 m mudrock intercalation are preserved on the eastern flank of the Al 

Kufrah Basin. Based on zircon investigation the minimum depositional age of the 

succession is 950 Ma (Meinhold et al. 2011). On the eastern margin of the basin at Jabal 

Arknu, the distal facies of the graben may contain organic rich beds as well (Aziz & 

Ghnia 2009). The present day structure of the basin shows a NE–SW trend, largely as a 

result of Hercynian tectonics (Hallett, 2002)). The block faulted basement possess 

strike-slip component, related to a basement megashear (Bellini et al. 1991) Contrary to 

the basin-wide cross-sections of Herzog et al. (2008), the geological maps of the eastern 

basin margins revealed no identified major, basin bounding fault zones (i.e. Attia 2007). 

GEOLOGY ON THE HASSI NAFOU SHEET 

The observed geological features on the surface of the Hassi Nafou sheet refer to an 

entirely continental environment during deposition. The sediments are prevalently 

clastic sedimentary rocks, which are composed of discrete fragments or clasts of 

materials derived mainly from older clastic rocks. The clasts are composed largely of 

quartz with other common minerals including feldspar, amphiboles, clay minerals, and 

sometimes more exotic igneous and metamorphic minerals. Thus, the observed rocks are 

mainly siliciclastic but minor carbonate sedimentation and hydrothermal activity was 

also recorded. 

The outcropping siliciclastic rocks of this area are formed by primarily inorganic 

processes, and deposited through mechanical process, such as fluvial (river or stream), 
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eolian and gravitational transport mechanisms and are subsequently lithified or remained 

unconsolidated. The age of these rocks may vary from the Paleozoic to the Holocene. 

The lithofacies of these sediments were determined according to the most remarkable 

large-scale features that can easily be studied in the field. These features are their color, 

the thickness of the fluvial cycles, and the primary sedimentary structures like cross-

bedding. Cross-bedding structures are formed in bedforms such as ripples and dunes by 

the motion of sediment due to a flowing fluid (typically, water or wind). 

The field study of the observed lithofacies revealed that the sedimentary basin of this 

area in the Mesozoic times was filled with a variety of alluvial fan, fluvial and lacustrine 

sediments, where, occasionally, wind blown transportation may have occurred. 

Although the primary sedimentary forms can give information about the depositional 

facies, these are insufficient features to distinguish the bedding sequences as individual 

formations, since, on such a large area as the Hassi Nafou sheet, a river simultaneously 

can form sediments with meandering and braided facies while wind blown dunes can 

evolve on the abandoned river terraces, and lakes can form when a meander gets cut off 

from the main stream. 

The carbonates of the Hassi Nafou sheet are often mixed with siliceous clasts. The 

origin of CaCO3 is considered as either chemical (in the evaporating lakes and around 

hydrothermal springs) or biogenic. The depositional facies is always continental. 

Volcanic activity of the Jabal Eghi area affected the northwestern area of the map 

sheet where peri- and postvocalic silcretes developed above the active hydrothermal 

spots. The original sedimentary forms were probably similar to the geyser lakes, thus the 

precipitating silica alternating with terrigenous dust formed thinly laminated, very fine-

grained beds. 

The reconstruction of the hydrological history of the porous sandstones is quite 

relevant in the fieldwork. The original color is often altered due to the different chemical 

conditions of the pore fluids during the geological evolution of these formations. At the 

time when the depositional basis inverted and the porous, fluid rich sandstones were 

uplifted, the discharge of these aquifers had started. 

In arid conditions, the charged water filtrated upward and the dissolved minerals 

crystallized, when geochemical conditions were suitable for that. Amongst these 

minerals were the limonite and goethite which, originally, were deposited with the sand. 

In those beds where the dissolution happened, the residual minerals like kaolinite and 

illite remained, and the iron-minerals were transported.  

These beds are light colored due to the residual minerals and the quartzite grains. The 

iron was transported to the more porous beds and had formed ferruginous sandstones. 

Ferruginous layers can also develop in association with the soil forming processes 

(pedogenesis). These iron rich layers of the tropical soils are usually called laterites, but 

once a laterite is exposed to the erosion in arid conditions, it forms a very durable shield 

above the softer rocks, which is called “cuirass” or “duricrust” (Maignien 1966). 

The duricrusts can develop if capillary fluids can migrate towards the surface for long 

time, assisted by the extreme evaporation (Woolnought 1927). The dissolved materials 

are usually represented by iron, and/or silica but gypsum and calcite may also be present 

(Toljić et al. 2007). Bacterial activity can also assist for the consolidation. If the surface 

was close to the topmost layer of the bedrock beneath the soil, the dissolved materials 

can precipitate in the “in situ” bedrocks. The strongly ferruginous sandstone caps of the 

small hills and the plateau of the Jabal Garandi were formed during this process. 
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In other cases, when the soil was thicker above the solid bedrock, the migrating 

minerals could precipitate in different places. The most common case is when the rock 

fragments (boulder size) of the disintegrated bedrock present ideal place for the 

precipitation. These large boulders may originate either from a proluvial deposit or from 

the “in situ” disintegrated bedrock. The buried organic materials (i.e. wood trunks) were 

also proper place for the precipitation of rather silica rich fluids. 

The chemical diagenesis was probably assisted by bacterial activity. Both the pores of 

the buried rock-fragments and the organic material offered micro-environment for the 

bacterial organisms, which was different from the surrounding soil/deposit thus the red-

ox potential of these clasts must have been also different. 
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PHYSIOGRAPHY AND MORPHOLOGY 

The Jabal Garandi is the most dominant and remarkable morphological object of the 

NF34-3 map sheet. It represents a Cenozoic planation surface, which remained intact 

due to the iterating evolution of protective crusts on its surface. In the case of such an 

old surface as the plateau of Jabal Garandi the identification of the planishing 

mechanism is not straightforward. Its origin can be attributed to fluvial down-wasting, 

pediplanation, etching, or other mechanisms such as the combination of duricrust 

formation and subsurface flushing (i.e. Phillips 2002). The most probable surface 

forming mechanism was the fluvial erosion, which have produced a peneplain surface. 

A peneplain is originally a low-relief plain representing the final stage of fluvial erosion 

during times of extended tectonic stability (Davis 1922). The original definition of Davis 

(1922) is restricted to fluvial erosion, but later this surface have probably suffered 

several phase of duricrust formation also. 

 

 

Figure 4. Hypsometric map of the Hassi Nafou map sheet (ASTER data) 

The Jabal Garandi is situated over a bowl shaped depression which may have formed 

during the late Mesozoic times. After this event, the region of the Kufrah Basin was 

tectonically stable until the first uplift episodes in the Eocene but the latter peneplain 

probably have evolved in later tectonically “silent” times.  



 19 

The tectonics of this region considered as contemporaneous with the three major 

rifting episodes of the Afro-Arabian rift system, the inactive phases were the pre-mid-

Eocene (>44 Ma), the Late Eocene to Early Miocene (38–16 Ma), and the Late Miocene 

times (11–5 Ma) according to Baker et al. (1972). Most probably the old planar surface, 

which is now restricted to elevated plateaus like the Jabal Garandi, represents an Early 

Eocene “base level” of erosion which was uplifted and incised primarily during the Mid-

Eocene plutonic activity in this region. During times of the Messinian drop of sea level 

in the Mediterranean Basin, the plateau already had been elevated and the fluvial 

sediments were formed in the western regions of the map sheet on lower elevations. 

The southernmost offshoot of the Rabyanah Sand Sea is also characteristic terrain 

feature on the sheet. It covers approximately 30% of the map sheet area (Figure 6). 

The highest points are located in the northwestern rim of the plateau of Jabal Garandi, 

where the maximum heights reach the 680 m absolute elevation above main sea level, 

although the relative height of the rim is only approximately 100–150 m. The plateau of 

Jabal Garandi is almost horizontal; however, a very gentle dip (0.05°) towards East is 

present. The eastern rim is at 630 m asl. (Figure 4). Higher than 600 m elevation is also 

present in the ranges of the northeastern Qarat Mafas (653m), and at the westernmost 

part of the sheet, where sand covered flat hills (605m) sticks out from the dunes of the 

southern offshoots of the Rabyanah Sand (Figure 4). The highest relative elevation is at 

the western cliffs of the Jabal Garandi, where the top of the hills are 100–150 m above 

the playa and the remnants of Pleistocene lacustrine beds (Photo 1). The lowest 

elevation is in the northwestern corner of the sheet (app. 400 m), at the westernmost 

sand dunes of the Rabyanah Sand Sea. 

The sand dominated regions are called “ramlah”, and are characterized by 

longitudinal “seif” sand dunes extending from NE to SW. The length of the dunes varies 

from 5–18 km; the width is a few hundreds of meters and the heights are a few tens of 

meters. The highest sand dunes are in front of the northwestern cliffs of the Jabal 

Garandi where the highest point of the dunes is at more than a hundred meter above the 

plains. 

 

 

Figure 5. W-E hypsometric cross-section of the Hassi Nafou map sheet. 

Mesozoic sedimentary formations are characteristic on most of the sheet and outcrop 

around the central plateau of Jabal Garandi. The oldest sandstone-siltstone successions 

are present on the northwestern and northern area while, to the Southeast, the sediments 

are from younger Mesozoic sequences. The rate of these sandstones is 40.82% on the 

map sheet. Sediments younger than Mesozoic, but probably older than Quaternary cover 

0.21% of the area. 
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The Quaternary sediments can be divided into three main categories according to their 

genetics (Figure 6). The evaporites (sabhka facies) together with the playa- and lake 

sediments cover only 0.03% of the mapping sheet area. The gravity driven deposits, like 

proluvial and colluvial debris cover 21.49%, while the eolian sediments (sand sheets and 

dunes) cover 37.45%. 

 

  

Photo 1. View from the highest point of the sheet at 

the northwestern rim of the plateau of Jabal 

Garandi. The proximal dunes are as high as the 

plateau. 

Photo 2. Cellular surface of the sarir 

sediments (Qg) at the wp. 10070/30108 

forming the base of the eolian sediments 

(Lat. N 23º 45' 15.9"; Long. E 21º 2' 16.6" ). 

On the mapped sheet NF 34-3, permanent water doesn’t exist. The abandoned dug 

well of Hassi Nafou (Lat.N 23º39'31.9"; Long. E 21º7'22.9") is the only source of water. 

In arid conditions, the soil and the fine grained cover of the surface had been eroded 

by the wind. The remaining regolith (large boulders) on the slopes of hills show the sign 

of chemical alteration, as their color is relatively darker than the surrounding rocks. This 

darkened, mostly ferruginous crust is only present on the once soil affected regolith 

clasts (coarse debris size) or where the surface of the bedrock disintegrated beneath the 

soil; it is not present on the recently eroded surfaces. The darkened area is well 

distinguishable also on satellite photos. 

Once a new humid period came, the soil developed on the slopes again smoothing the 

terrain surface, but this time the angles of the slopes were steeper than in the previous 

humid era. Remnants of the smooth surface were preserved at a few places (i.e. where 

duricrusts developed in the soil, Hiba! A hivatkozási forrás nem található.). 

Fe-rich gel filled the pores of the sandstone beneath the soil and crystallized when 

chemical conditions were proper for that. The climate wasn’t humid enough for the 

descending precipitation to wipe the gelous material out of the pores since the incharge 

and the evaporation rate were almost at equilibrium. The more porous was the sediment, 

the more ferruginous matrix developed and cemented the grains at the depth of 

disintegration. Furthermore, in the next humid phase, the already crystallized Fe 

(goethit, limonite) formed the core of condensation for this procedure. 

On the westernmost part of the sheet, the rocky plains of the regolith outcrop in 

between the sand dunes forming the sarir (Qg) or “desert pavement”. Desert pavements 

are composed of a thin surface layer of gravels resting on fine-grained substrate (Dixon 

2009). Rocky pavements are relatively stable geomorphologic environments, once they 

have formed, they may resist for long times. In many cases, sand sheet and relatively 

fast moving sand dunes cover the tabletop sarir surface. 
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Figure 7. Effects of climatic cycles on hill-side erosion 

 

The material is mainly chert and coarse tectonical breccia with carbonatic veins. Here 

on the old regolith surface, hexagonal shaped cells can be seen as the characteristic 

morphological feature (Photo 2). Each cell is about 2–3 m in diameter. This kind of 

surface evolves when the surface is plain and undisturbed by bioturbation, quite arid for 

a long time and the soil is relatively rich in gypsum. The daily contraction and extraction 

of the uppermost layer which is caused by the big difference between the highest and 

lowest temperature is the primary cause of this kind of morphological structure. 

Today, the area is extremely arid. The annual rainfall is less 2 mm (Leraux 2001), and 

the annual mean temperature is 26.5 °C. The dominating north-eastern wind direction is 

well marked by the seif dunes. In the spring, strong dust-storms (ghibli) coming from 

the south-southwest are frequent. 

The area is not populated. Roads do not exist, although this area is on the way to Chad 

for the trucks, transporting goods. The ground transportation follows tracks in the sand 

and, on the rocky surface, where even a single track could be preserved for decades. 
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Although the flora of the Sahara is estimated to include about 1,200 species, 

consisting mainly of xerophytes and ephemeral plants, with halophytes in moister areas, 

and Acacia, Tamarisk and Calotropis procera along the wadis, the vegetation of the 

mapping sheet area, is typically restricted to sparse grass (Panicum) and shrubs around 

the small, scattered hills and in the deeper valleys of Jabal Garandi. The vegetation can 

be productive only during the late autumn and early winter, when the rare precipitation 

can water them. Sometimes, years can pass between two productive periods. Cultivated 

area can be host for acacias, oleanders (Nerium), tamarisks and many aridity and salt 

bearing bushes trees and herbs besides the most common date palms (Phoenix 

dactylifera). 

The fauna of the Sahara includes about 70 species of mammals, 300 species of birds, 

including 90 species of resident birds, and around 100 species of reptiles. Owing to the 

extreme heat, most small desert creatures are nocturnal. On the mapping sheet area, the 

fauna just like the vegetation concentrates around the natural discharge areas, although 

aviating species like sandgrouses, ravens (Corvus ruficolis), owls and hawks may fly 

over huge territories. Insects (i.e. ant, scarab beetle, mosquito, scorpion, spider and 

locust) are also common animals, while the mammals like gazelle (Gazella dorcas), 

desert fox (Vulpes zerda) are rather rare, except for the jerboas and gerbils. Reptiles like 

snakes and geckos are also quite common. 

Not only the climatic desiccation over the past few thousand years has destroyed 

much of the wildlife in the area, but the over-hunting and the human presence also 

endangered such species like the waddan, the addax and the gazelles. Most of the large 

animals, like wild camels, ostrich, addax, some species of gazelles, the cheetah and the 

monitor lizard that were reported to have been present in the Libyan desert until the 

second half of the 19th century have now become extinct in the area. 
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STRATIGRAPHY 

Solid rocks which represent the stratigraphy of the Hassi Nafou (NF34-3) map sheet 

are mainly from Mesozoic sedimentary successions showing a youngening tendency 

towards the southeast. Important stratigraphic data were collected from the A1-NC43 

well, which was drilled close to the northern border of the sheet, and from groundwater 

exploration wells on the eastern regions (PZ-2,3,4 and 6). In the borehole, Paleozoic 

beds were also found. According to field observations the following formations were 

distinguished: 

- Qarat Al Hamra Formation (P-TrQ) 

- El Burg Formation (Ju-KlB) 

- Al Jawf Formation (KuJ). 

Due to the unique extent of the lithological facies and the lack of remarkable 

differences among them, we introduced a new stratigraphical unit for the Permo-Triassic 

continental sediments. The well known but contradictive “Nubian sandstone” was also 

proposed to be abandoned and we used the Al Jawf Formation name instead. New 

findings from the Cenozoic had also leaded to the introduction of a new unit: the 

Cenozoic continental sediments (Czc). 

The age of the Palaeozoic and Mesozoic sediments are based on biostratigraphic data 

and on the correlation borehole logs and lithological units of previous studies. Those 

stratigraphic units which are present on the geological cross sections but do not outcrop 

on the mapping sheet area are discussed in the Geological History chapter. The 

hydrothermal rocks are discussed in the Structural Geology chapter. 

The Quaternary sediments were distinguished primarily according to their genetics 

and secondarily to their relative age. 

 

PERMIAN – TRIASSIC  

Qarat Al Hamra Formation (PTrQ) 

The Qarat al Hamra Formation is the representative lithostratigraphic unit of the 

Permo-Triassic continental sediments in the Al Kufrah Basin. This unit is equivalent 

with parts of the Continental Post Tassilian and the Continental Mesozoic categories 

which was widely used earlier (e.g.: Klitzsch 1970). The further chrono- and 

lithostratigraphic division of this unit on the field is very problematic. These beds 

usually barely contain fossils except a few strata, and these fossils are mostly 

microscopic plant remnants (pollens) dating the beds from late Permian to middle 

Triassic. The sedimentary environment is continental so the beds had been deposited in 

meandering or braided rivers or occasionally in flood plains and lakes. Since this facies 

is very varying both laterally and vertically, the correlation of depositional beds which 

can be observed on the field is very difficult. 

The Continental Post Tassilian Group contains several different statigraphic units 

which were originally described by De Lapparent & Lelubre (1948) in Algeria. Later, 

however, these units were described as continental or partly continental series on 

different locations in Libya, in the Al Kufrah Basin, the sequences of the beds 
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representing each of them are practically undistinguishable from each other. This is due 

to the similar genetics and the almost similar lithological background of the erosion base 

of the sedimentary basins. The erosion and sedimentation of sandstones repeatedly 

occurred during the evolution of the Al Kufrah Basin, and mostly worked with the same 

material. 

Almost the same problem occurred in the region of the Murzuq Basin where, 

according to the original description of Kilian (1931), contributors used the term of the 

Continental Post Tassilian Group for all the continental, mainly unfossiliferrous 

sediments which were older than Cenomanian and younger than the marine 

Carboniferous formations (Banerjee 1980). 

The Continental Post Tassilien Group was divided into three formations by De 

Lapparent and Lelubre (1948) in the Murzuq. Their nomenclature was applied for the Al 

Kufra Basin by Herzog et al. 2008, describing the stratigraphic units which were 

observable on 2D seismic sections. These formations are the followings: 

 Tiguenturine Formation (Permo-Triassic) 

 Zarzatine Formation (Triassic) 

 Taouratine Formation (Jurassic to Early Cretaceous) 

Although the unconformity surfaces are identifiable between these units, the 

differentiation of them on the field relies only on the spot-like observations, which was 

insufficient for the exact determination of the geographical extents of them. During the 

geological expedition in the Al Kufrah Basin firstly we used these classical names on 

the western flanks of the basin. On the eastern flanks (in the vicinity of Jabal Sada and 

Jabal Uwaynat), the Egyptian geological nomenclature was applied for theses beds by 

Oweiss (2007), Attia (2007), Said & El Mehdi 2000 and Said et al. 2000 thus, during the 

compilation of the preliminary photogeological maps, we also applied these units. Later, 

during the fieldwork, it became obvious that neither the Murzuq nor the Egyptian 

stratigraphical nomenclature and categorization were applicable on this region without 

problems. The basic problem was the lack of corresponding marker-layers and fossils of 

the succession exposed on the surface. Hence it seemed useful to use a new unit, the 

Qarat Al Hamra Formation for these beds. However, in the well logs of the A1-NC43 a 

distinction between the lower and upper part of the Permo-Triassic sequence can be 

made at the depth of 550 m. The lower part is dominantly clayey, fine layered, while the 

upper part seems to be coarser grained and thicker bedded. 

The microfossils recovered from the A1-NC43 well indicate Late Permian to Scythian 

ages at 865-540 m and Carnian ages at 496-207 m depth interwalls (Grignani et al. 

1991). According to field observations and the A1-NC43 borehole data, the total 

thickness of the Permo-Triassic sequence can reach 700 m in boreholes. Further to the 

South in the Al Kufrah Basin, the total thickness of the Permo-Mesozoic succession 

exceeds 2500 m at the depositional center in the southern part of the basin (Grignani et 

al. 1991, Herzog et al. 2008). On the surface only the upper unit of the Qarat Al Hamra 

Formation is mapped at the northwestern corner of the map sheet. The characteristics of 

this fluvial succession were documented on measured section. 

Lower unit (Permian – Middle Triassic) 

In the Al Kufrah Basin, the remnants of this phase are the Triassic red shales and 

sandstones which were encountered in the A1- and B1-NC43 and on the southern, 
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southeastern and the eastern flanks of the Kufrah Basin (Grignani et al. 1991, De 

Lestang 1965, Klitzsch 2008, Csontos et al. 2009). Red continental shale and fine-

grained sandstones, which were described in the Murzuq Basin as the Tiguenturine 

Formation, probably represent this sedimentary phase, although in some cases this 

formation is referred as Upper Carboniferous to early Permian in the Murzuq. Herzog et 

al. (2008) also considered this relation, marking the first post-Hercynian sediments as 

the Tiguenturine Formation in the Kufrah Basin. 

The Permo-Triassic succession of the Al Kufrah Basin was named as Madadi 

Formation by De Lestang (Figure 3), which also represents multicolored silty shales and 

red to brown fine to medium grained sandstones. Equivalent sections with the beds of 

the lower unit are probably present in other areas along the peripheries of the basin.  

On the southeastern peripheries of the Kufrah Basin in Sudan, the Carboniferous 

strata is overlain by a slight erosional unconformity and is followed by 95m 

conglomeratic sandstone, which comprises sequences of red and reddish brown, 

compact and silty to sandy mudstone. Each sequence begins with 1–3m quartzitic 

coarse-grained sandstone, cutting into the underlying mudstone beds. (Klitzsch 2008). 

In Northern Sudan, these sequences are seemed to be covered with several hundred 

meters of sandstone-siltstone succession, which can be equivalent with the beds of the 

middle unit. Klitzsch and Wycisk (1987)  dated the upper parts of these beds as Triassic 

to Early Jurassic. 

The outcrops of the lower unit are not present on the surface of the Hassi Nafou 

mapping sheet area. In the A1-NC43 well, a succession of sandstone, siltstone and shale 

was observed between depths 452 m and 880 m, where the sand/shale ratio was 0.45 

(Grignani et al. 1991, Herzog et al. 2008). The sandstone is white or pinkish, fine to 

coarse-grained with some gravel layers. The siltstone and the shale are variegated. 

Herzog et al. (2008) considered these beds as Tiguenturine Formation. 

Upper unit (Middle to Late Triassic) 

In the A1-, and B1-NC43 wells, an unconformity surface was documented between 

the age-dated early-Late Triassic sediments and the Late Triassic sediments (Grignani et 

al. 1991). Herzog et al. (2008) referred the beds above the unconformity as Zarzatine 

Formation in correspondence with the nomenclature and the sedimentary successions of 

the Murzuq Basin. In the A1- and B1-NC43 wells, it is a fining up sequence of 

intercalated sandstone, varicolored siltstone and shale. The sandstone is white, light grey 

fine to coarse and contains a few gravel layers (Herzog et al. 2008).  

It may also correspond with the Permo-Triassic Abu Ras Formation in SW Egypt, 

which is 150 m thick brown, reddish crossbedded sandstone alternating with silty shale 

and grits; the top is represented by coarse clastic layers (Klitzsch et al. 1979, Issawi & 

Jux (1982)). 

The Jurassic Soeka Formation of De Lestang (1965), which mainly consists of 

varicolored fine-grained, kaolinitic sandstone beds, may also represent this stratigraphic 

unit on the southeastern Kufrah Basin. 

A westward thinning out tendency of the Zarzatine Formation can be observed in the 

W-E geological section of Herzog et al. (2008). Their section traces approximately the 

northern perimeter line of the mapping sheet from the Jabal Eghi area to the A1-NC43 

well. According to them, the Zarzatine Formation was hardly even encountered on the 
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surface on the north-western flanks of the Al Kufrah Basin, which represents the 

northwestern part of the Hassi Nafou map sheet area, although the presence of a thin 

condensed succession on the surface is possible. 

Surface outcrops with rocks ranked as the upper part of the Qarat Al Hamra 

Formation can be found only at the northwestern corner of the map sheet. The eastern 

fore-hills of the Jabal Abubaker – the latter is located on the adjacent Rabyanah map 

sheet on the north – revealed the upper unit at the WP. 10077. The outcropping beds 

lithologicaly consist of 3–6 m red or light-brown cross-laminated intraclastic sandstones 

(Photo 3), and 5–10 m light-colored siltstone and claystones often containing sandstone 

beds with rich bioturbation (Photo 4). The repeatedly occurring sand- and siltstone beds 

compose one complete, and two incomplete fluvial sub-cycles (Figure 8). The 

succession and the sedimentary marks, like crossbedding in the sandy beds and Mn 

noodles in the clayey ones, refer to a meandering river environment where the cross-

bedded sands deposited in the channels and the silts and clays on the banks. 

 

Figure 8. Measured section at the eastern fore-hill of Jabal Abubaker at wp. 10077                        

(Lat.N 23º 59' 26.5" ;Long.E 21º 2' 25.3") 



 28 

 

Photo 3. Thin sets of cross-lamination in the 

sandstone bed in the Qarat Al Hamra Formation 

(Lat. N 23º59'26.5";  

Long. E 21º2'25.3") 

 

Photo 4. Richly bioturbated surface of a 

sandstone bed from the upper unit of the Qarat 

Al Hamra Formation at wp. 10077  

(Lat. N 23º 59' 26.5";Long. E 21º 2' 25.3") 

UPPER JURASSIC – LOWER CRETACEOUS 

El Burg Formation (JuKlB) 

Issawi and Jux (1982) were the first to introduce the term El Burg Formation for the 

section measured at Abu Ballas area, south Western Desert, Egypt. However, the 

description of this stratigraphic unit can be found in a later study (Issawi et al. 1999). 

The El Burg Formation was introduced to the stratigraphy of Libya by Said, et al. (2000) 

in the Jabal Arkenu area sheet (NF 35-5) and Jabal Asbah area sheet (NF 35-1) and was 

applied on the other adjoining sheets to the East to the mapped area by M. Attia et al. 

(2007) on the Jabal Sada (MG 35-13) and K. Oweiss et al. (2007) on the Jabal Al 

Uwainat (NF 35-9) sheets. The El Burg Formation occupy the eastern-northeastern part 

of the sheet, while on the west only a small part is covered by its sediments northwest 

and southwest of Jabal Garandi.  

The El Burg Formation is probably equivalent with the Jurassic Taouratine and 

Messak Formations of the western Libyan regions. Herzog et al. (2008) used these terms 

for the uppermost, thickest sequence of the Mesozoic succession in the Al Kufrah Basin 

as well (see Figure 3 and 17).  

In the observed section of the hill above the dug well of Hassi Nafou (Jabal Hassi 

Nafou), the erosional contact between the El Burg Formation and the lowest part of the 

Al Jawf Formation is found (see Figure 9). The sequence represents the uppermost part 

of the El Burg Formation capped with a carbonate bearing sequence, which is 

considered as the Rabyanah Bed of the latter formation. 
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Photo 5. Thick cosets of the cross-

bedded layer on the top of the upper 

unit. The truncated coset is caped by 

convolute sedimentary forms (Lat. N 23º 

40' 4.5"; Long E 21º 8' 53.3"). 

 

 

The observed section consists of three complete and two incomplete fluvial sub-cycles 

and commences with a fine grained, kaolinitic bed, which is followed by a cross-bedded 

unit. Considering that the trough type cross-bedding is well developed and the height of 

the thickest cosets are approximately 100 cm (Hiba! A hivatkozási forrás nem 

található.), the dunes of the depositional environment indicates a deep channel of a 

meandering river and the convolution above the truncated cosets indicate a relatively 

quick deposition. 

A few measurements of the fore-set lamination show a northwestward transport 

direction although the measurements were too sparse to consider this data as remarkable. 

The successive beds above the cross-bedded sandstone are massive bedded siltstones 

interbedded with lenses of cross-laminated, fine-grained sandstones. The interbbeding 

indicates that eventually there were variations in the sedimentary depositional 

environment, which was most likely the incision of minor channels into the flood plain.  

The topmost part of the silty beds gradually transit into laminated claystone, which 

was transformed into hardened dark red shale directly below the bed of the following 

sub-cycle (Photo 6). It is assumed that the diagenetic transformation of the claystones 

was partly due to the presence of organic material in these beds and partly to their 

aquitard property. 

 

 

Photo 6. Dark red laminated shale mark the 

unconformity surface between the upper unit 

and the Rabyanah Member of the El Burg 

 

Photo 7. Ripple marks of paleo-currents in the 

upper unit (Lat. N 23º 40' 4.5"; Long E 21º 8' 
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Formation (Lat. N 23º40'4.5";  

Long E 21º8'53.3") 

53.3") 

Below the unconformity horizon, the dip measurements show nearly horizontal 

bedding (278°/8°) of the siltstone. Above this level, the coarse grained sandstone beds 

are generally cross-bedded, thus the true bedding plane was hardly detectable. 

East from the Jabal Hassi Nafou at the Jabal Al Salytah (wp.: 10145 Lat. N 23º 51' 

27" Long. E 21º 46' 12.7"), the section shows a coarsening up tendency with 

conglomeratic interbbedings. Here, the sedimentological features (trough-type 

crossbedding and channel forms in three complete fining upward sub-cycles) show a 

meandering river environment. The varicolored siltstone, Mn-dendrites and palaeosoil 

levels represent the overbank sediments of the palaeo-river. The vertical extent of the 

sub-cycles is approximately 10–15 m. 

Petrological analysis also shows rounded clasts in microscope (Photo 8). The clasts 

are mainly sub-angular and sub-rounded, monocrystalline quartz grains (86–92%), with 

rare polycrystalline ones and with normal extinction; the undulating extinctions are rare. 

The quartz grains are poor in inclusions; rare muscovite, zircon, apatite and dark 

minerals appear. 

 

Photo 8. Rounded and sub-rounded quartz grains in reddish siliceous-limonitic void filling cement, 

with later, dark limonite (lim) infilling). Sample No. 124 (wp. 30181; Lat. N 23º 33' 52.3"; Long. E 

21º 33' 26.9"), in cross-polarized lights. 
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Figure 9. Measured section of the Hill above the dug-well of Hassi Nafou (Lat. N 23º 40' 4.5"; 

Long. E 21º 8' 53.3"). The section represents the fining up sequence of a meandering river with 

channel fills and overbank sediments. The carbonate bearing sequence is considered as the 

Rabyanah Bed of the El Burg Formation (KlBR) 

The quartz grains contain 0.01–0.04 mm euhedral tourmaline, zircon, apatite, biotite, 

muscovite and dark mineral inclusions. There are crushed grains which were glued 

together with limpid and clear quartz. The grains are closely packed, with various 

convex-concave and sutured contacts (Photo 8) between them, and are barren, without 

crusts or films. 

Besides the quartz the amount of other rock forming mineral grains are negligible 

(~4%): a few percent of feldspars (slightly sericitized, un-twinned microcline and 

orthoclase, and sericitized plagioclase), rare mica flakes and light green, fibrous, slightly 

pleochroous actinolithic hornblende. Insulated and small accessories, as zircon, 

staurolite, titanite, tourmaline and garnet grains were identified, too. 

According to the petrological analysis the rock structure in the coarse- to medium 

grained sandstone beds is aerenaceous, grain supported. The texture is unoriented, 

massive, slightly porous. 
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The successions of the El Burg Formation are also present on the northeastern regions 

of the map sheet. The water exploratory wells of PZ-4-M, PZ-3-D and PZ-2-D (see 

Table 19) was drilled by REGWA (Co. For Research & Ground Water) in regions, 

where the beds of this unit crop out, and crossed these beds through 80–300 m. In the 

A1-NC43 borehole, the beds of this unit are approximately 150 m thick and are barren 

of microfossils (Grignani et al 1991). Herzogh et al. (2008) considered the uppermost 

244 m of the latter well as the Taouratine/Messak Formation, which is equivalent with 

the El Burg Formation although they remarked that the top 94 m consist of lithologicaly 

different, coarse sandstones. This uppermost sequence is assumed as part of the 

Rabyanah Beds and the Al Jawf Formation in the present study. 

Although the bedding seems horizontal, a general southward dipping is suspected. In 

some beds, the rate of the usually lighter colored silty intraclasts can reach 30% and may 

represent a semi-consolidated state of the sediments before the river channel incised.  

The paleo-current direction may be observed from the dip directions of the fore-set 

lamination and the orientation of the asymmetric ripple marks on the bedding surface 

(Photo 7). 

Macrofossils were not observed in these beds, although silicified trunks were 

collected from the vicinity of the outcrops from debris. 

El Burg Formation - Rabyanah Bed (KlBR) 

Layers of the El Burg Formation are sometimes intercalated by lacustrine marl and 

limestone beds or lenses. These carbonatic beds are the first occurrences of carbonate in 

the Mesozoic sequence of the Kufrah Basin. This carbonate bearing succession was 

introduced as the “Rabyanah Bed” of the El Burg Formation in the present study, and 

was described by several authors with different names. It’s probably equivalent with the 

Chieun Limestone on the southwestern region of the Kufrah Basin (Burollet 1963, De 

Lestang 1965) and with the calcareous beds on the top of the Rabyanah sequence 

(Banerjee 1980). Banerjee (1980) describes this calcareous level as part of the basal 

conglomerate of the “Nubian sandstone”. 

 

Photo 9. Marl and porous carbonatic sandstone at the wp. 10073/30112                                       

(Lat. N 23º41'42.5"; Long. E 21º7'27.8") 
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The term “Rabyanah Bed” was suggested by Albert (2010) because the first 

occurrence of carbonate was documented in the hills above the village Rabyanah, as part 

of the upper unit of the El Burg Formation. 

On the map sheet Hassi Nafou the Rabyanah Beds are present in the vicinity of the 

dug-well of Hassi Nafou, located northwest of Jabal Garandi. These beds consist of 

shale and fine-grained sandstone with lenses of limnic limestone or marls deposited in 

fluvial siltstone and sandstone succession. Calcarenite and calcareous siliciclastic 

conglomerate may also occur. The carbonates usually occur in the uppermost fluvial 

sequences of the El Burg Formation (Figure 9). The laboratory analysis of carbonatic 

lenses did not indicated fossils in the sequence; however these beds are probably the 

only possible source of age determination. Thus, a detailed sampling expedition was 

planned, but in 2011 the scientific activity in the region had stalled because of the war 

events. The age of these beds was determined as Early Cretaceous according to the 

correlation of the AGIP and REGWA well logs with the observed sequences of the 

measured section (see. Figure 9). 

UPPER CRETACEOUS 

Al Jawf Formation (KuJ) 

The Upper Cretaceous continental sedimentary succession outcrops on the central and 

southeastern corner of the Hassi Nafou map sheet. These sediments were introduced as 

Al Jawf Formation and could be ascribed to Upper Cretaceous age due to the 

stratigraphic position. Macroscopic fossils were not found in the beds of the studied 

area, trace fossils, however, were recorded in some layers, and silicified wood trunks 

were observed in debris around the outcrops. The total observed thickness of this unit in 

the mapping sheet is approximately 60–120 m but, in the borehole of PZ-6-M (Lat. N 

23º 6' 10.9" ; Long. E 22º 23' 16" ) in the southeastern corner of the sheet, the thickness 

may reach 500 m (GWA 2005). The thickening tendency is generally towards the 

southeast. The plateau of Jabal Garandi itself developed above a shallow depression, 

which is outlined by the distribution of the Cretaceous Al Jawf Formation. 

Formerly these beds were known as “Nubian Sandstone”. The term “Nubian 

Sandstone” was first introduced to the North African stratigraphy by Russeger (1837) 

describing the sandstone beds of southern Egypt and northern Sudan. Desio (1935) was 

the first to extend the term to Libya. Due to the uncertainly in determining the age and 

the exact boundary of the continental late Paleozoic and Mesozoic sedimentary 

successions in Libya and the neighboring countries, the term “Nubian sandstone” was 

used as a formation name for different stratigraphic units. Issawi (1973) used the term 

“Nubia Formation” and restricted it to the rocks of Late Cretaceous age. Recent 

mapping activity in the Eastern rim of the Kufrah Basin applied the same terminology 

(Attia 2007). In northeast Libya, the term “Nubia Formation” is in use for the Lower 

Cretaceous continental successions (Barr & Weegar 1972, Starkie et al. 2008). In the 

Stratigraphic Lexicon of Libya, Banerjee (1980) concluded that the “Nubian” Sandstone 

most probably is rather a facies than a time unit. Although the rare plant fossils mostly 

refer to Jurassic and Early Cretaceous age. 

Owing to the contradictions, the term “Nubia Formation” was suggested to be 

abandoned from the lithostratigraphy of Libya (i.e. Pomeyrol 1968, Klitzsch 1970), but 
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these efforts were unsuccessful since the Nubian Sandstone is a well known and widely 

used term at many forums.  

In the region of the Al Kufrah Basin, where the Egyptian and Libyan nomenclature 

can both be applied on the base of earlier studies, a common denominator must be 

defined to describe the Late Mesozoic continental sediments, which mostly cover the 

entire basin. In the recent study, solution for this problem was suggested in two ways: 

either use the term “Nubia Formation” for the entire Cretaceous or replace this 

contradictive term with the new term “Al Jawf Formation” in the region of the Kufrah 

Basin. The latter name was advised by Albert (2009) since Al Jawf, as the ancient name 

of Al Kufrah, describes well the type locality and will not be confused with the “Kufrah 

Series”, which was introduced by Desio (1935), and was used later by several authors 

with uncertainty similar to the „Nubian” term. 

This formation may be equivalent also with the Tekro Formation of De Lestang 

(1965), which was introduced on the southwestern parts of the Kufrah Basin. Its age was 

determined to be Upper Jurassic to Upper Cretaceous according to plant fossils 

(Dadoxylon). 

The lithology of the sediments of the Al Jawf Formation consists of thick bedded 

light-brown, brown middle to coarse-grained, sometimes conglomeratic sandstones and 

varicolored siltstones in the upper sequences. The sandstones are cross-bedded or 

massive bedded. Cross-bedded sediments are recognized in the field by the many layers 

of foresets, which are series of layers that form on the lee side of the bedform (ripple or 

dune). The massive beds often show pedogenic alteration and contain abundant 

burrows and root traces but, at some places, the original sedimentary structures are 

traceable. Siltstone inter-bedding and rip-up clasts of silty material in the cross-

laminated beds are also common. 
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Figure 10. Measured section of the basal successions of the Al Jawf Formation in the western cliffs 

of Jabal Garandi above the kaolinitic silty layers (wp. 10129; Lat. N 23º 27' 47"; Long. E 21º 17' 

38.7") 

The thickly bedded sandstone may contain different types of cross-bedding depending 

on the thickness and the morphology of the cosets. The cosets composed by parallel 

foresets are sharply bounded. These foresets are 0.2–2.0 mm in thickness and are 

individually differentiable due to the small-scale separation between layers of grains of 

different sizes and densities. 

The lowermost layers are represented on the western parts of the Jabal Garandi (i.e. 

wp. 10128) where the first few meters of the section reveal light grey fine-grained 

kaolinitic siltstone and kaolinitic sandstone beds, which were covered uncomformly by a 

conglomeratic level (Figure 9). The kaolinitic sandstone was considered to be part of the 

El Burg Formation, which outcrops nearby due to its stratigraphic position. 

Above the conglomerate compound, cross-stratification can be observed. The cosets 

between beds which deposited apparently horizontally consist of several sharply 

bounded sets of similar thickness (0.1–0.3 m) with foresets dipping to down-current 

direction on the basal surface (Photo 10). The thickness of this lithofacies can reach up 

to 5 m. 
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The next lithofacies develop 

continuously above the com-

pound cross-stratified beds and 

is composed of tabular grouped 

co-sets with thickness of 0.5–

1 m. The grain size is slightly 

finer than in the overlain beds. 

The thick beds of coarse-

grained sandstone with trough-

type crossbedded can be slightly 

erosive at base. Cross-bedding 

can be recognized by trun-

cations in sets of ripple foresets 

(Photo 11), where previously-

existing stream deposits are 

eroded by a later flood and new 

bedforms are deposited in the 

scoured area. This lithofacies 

often contains 1–2 cm gravels, 

which deposited in sheets above 

the bottomsets. The sandstone is 

well sorted and usually mo-

nomictic. The clastic material is 

sub-angular or sub-rounded and 

mostly composed of quartz. 

The upper part of the Al Jawf 

Formation is represented by 

rather bioturbated, massive 

bedded sandstone lithofacies 

(i.e. wp. 30192, Figure 11).  

 

The 3–5 m thick coarse-grained sandstone beds contain primary sedimentary 

structures, like cross-bedding, but the bioturbation often blures these features.  

The colour of the sandstone is reddish light brown and mottled if biogenic alteration is 

present (Photo 13). Amongst the cross-bedded sandstone beds, layers of intraclastic 

conglomerates may occur (Photo 12), where the rate of white silty intraclasts can reach 

40%. The size of the pebbles in the conglomeratic layers is 2–10cm. The material of the 

grains is mainly quartz originating primarily from metamorphic and igneous rocks, but 

silicified sandstone and siltstone is also common. 

Above the bioturbated coarse sandstone, the silty lithofacies is represented by the 

interbedding of many fine- to medium-grained, cross-bedded sandtstone lenses (Figure 

11). The siltstone is usually varicoloured, and often shows signs of pedogenic alteration. 

The thickness of this lithofacies may reach 10–15m. 

The successive beds within a sub-cycle show a fining upward tendency, but the 

smallest grain size is the silts; the clay fraction is macroscopically missing. 

 

Photo 10. Compound cross-stratification on wp. 10128 (Lat. 

N 23º 27' 47"; Long. E 21º 17' 38.7") 

 

Photo 11. Trough-type cross-bedding on wp. 10128 (Lat. N 

23º 27' 47"; Long. E 21º 17' 38.7") 
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Figure 11. Measured section of the upper part of the Al Jawf Formation (wp. 30192 Lat. N 23º 36' 

11.7"; Long. N 21º 56' 3.1") 

 

 

Photo 12. Intraclast rich bed on the base of a 

fluvial sub-cycle in the Al Jawf Formation (wp. 

 

Photo 13. Richly bioturbated layer in the Al 

Jawf Formation (Lat. N 23º 14' 7.3"; Long. E 
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30193; Lat. N 23º 34' 47.7"; Long. E 21º 57' 14") 21º 46' 9.3") 

The observed succession of sediments in the lower part of this stratigraphical unit 

represents a braided fluvial system. Braided rivers may indicate large sediment load 

(Schumm and Kahn 1972), and are typical of environments that dramatically decrease 

channel depth, and consequently channel velocity, such as river deltas, alluvial fans and 

peneplains. The mixed aeolian and fluviatile origin of some beds is also probable since 

some beds contain well rounded sand particles, which may indicate windblown sands. 

Rare occurrences of aeolian deposit in the Upper Cretaceous (Turonian) were reported 

by Klitzsch & Squyres (1990). 

The upper part of the section represents a meandering fluvial system which was 

affected by flood events and intensive bioturbation. Thick sub-cycles may suggest a 

subsiding sedimentary basin and rich source of material from the eroding background. 

These factors may refer to relatively large catchments area.  

 

 

Photo 14. Coarse quartz grains and veinlets in 

limonitic matrix. (Sample No. 153b) In cross-

polarized lights, 48x magnification. 

 

Photo 15. Rounded, sericitized feldspar-rich 

igneous rock grain. (Sample No. 3274) In 

polarized lights, 48x magnification 

For petrologic studies different samples were collected from the sandstone beds of the 

observed section. In thin section analysis the clasts are mainly rounded and sub-rounded, 

coarse and medium grained (Photo 14), mono-and polycrystalline quartz grains (87–

92%), with normal and undulose extinction.  

Quartz gravels, with 2.5–3.0 mm in diameter, are also frequent. The polycrystalline 

grains consist of elongate, slightly sutured crystals, sometimes closely glued together 

with different optics of the crystals. These groups are probably old siliceous sandstone 

(orthoquartzite) fragments. 
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The inclusions are not frequent, but they measure 0.02–0.05 mm and show euhedral 

shape: biotite, muscovite, chlorite, aligned sillimanite prisms, garnet, apatite and zircon. 

The small, drop like dark minerals form parallel strings into the coarser quartz grains. 

Feldspars (~4%) form rounded, sub-rounded clasts, which are slightly sericitized 

plagioclase with thin twinning lamellae and sericitized microcline with thin inclusions of 

muscovite. Muscovite flakes are rarely present, forming small, gently curved, thin 

sheets, with low birefringency colors (because of the loss of alkalis). 

The accessories are represented in the sample 3274 (wp. 3274; Lat. N 23º 16' 42.2"; 

Long. E 21º 57' 26.2") with strong pleochroous staurolite prisms. Few, small, angular 

zircon grains may also be found in thin sections. 

The rate of dark minerals and rock fragments are below 2%. The clasts are grouped in 

0.5–1.0 mm, well packed nests (Photo 14) in which the grains are surrounded by thin, 

cryptocrystalline silica rim with radial structure; here the contact between the grains are 

linear and concavo-convex. In the rest of the slide, the grains are touching each another 

by punctual contacts and are cemented by meniscus-type cryptocrystalline or amorphous 

silica with small amount of light brown, colloidal limonite. 

The observed section of the Al Jawf Formation contains rather porous rocks. The 

large relative rate of the pores, were observed in the thin sections also, where sometimes 

more that 1/3 of the thin section was occupied by irregular, channel-like pores. Such 

porosity is considered as secondary porosity, which is generated by the dissolution and 

migration of the original siliceous cement. 

 

PALEOGENE – NEOGENE 

During the Palaeogene and the Neogene continental environments were present on 

most part of the Al Kufrah Basin. Differently from the Mesozoic formations the 

sedimentary units of this era had formed mostly in not fluvial but paludal and proluvial-

fluvial-colluvial environments and were preserved only in small-scale subsided basins, 

which eventually inversed geographically, or underneath the shield of duricrusts. 

The sediments of these periods are the thin layers of the newly introduced undivided 

Cenozoic continental sediments (Czc), which was allocated to the Cenozoic era due to 

the indefinite age of them. 

Cenozoic continental sediments (Czc) 

The undivided Cenozoic continental sediments are the collective noun for all kind of 

clastic sediments which were considered as younger than Mesozoic, but the specific age 

of them was unsure. The continental environment was assumed according to the 

similarities of well documented formations in the proximity of the Kufrah Basin. 

The sediment is generally unconsolidated or very loose coarse conglomerate, with 

rocky boulders, and fine sandy-silty, clayey matrix. The topmost part of it (1–3 m) is 

cemented with ferruginous material. This “duricrust” had developed during several 

phase of arid-humid cycles in the Late Neogene and the Quaternary, and served as a 

shield for the rocks underneath; even for the unconsolidated part of this sediment.  

These sediments were observed and introduced firstly on the South Al Kufrah (NF 34-

4) sheet as residual sediment of the tectonically activated Kufrah Basin (Albert 2009). In 

this area in most cases it was situated on the top of small hills on locations, where there 
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was no sign of other elevated source of rock (i.e. other higher hills). Such occurrences 

were mapped in the nortwestern corner of the Hassi Nafou map sheet and east and 

northeast of Jabal Garandi. 

Clasts are sub-angular or poorly rounded, but occasionally well-rounded pebbles also 

occur. Blocky conglomerate clasts demonstrate that it is unsorted sediment; large 

cobbles (up to 80 cm in diameter) occur in erosional scours. Cobbles and boulders can 

show long-axis imbrication, but vertical or oppositely dipping clasts are also present. 

The sign of ferruginous duricrust fragments amongst the clastites suggest a late 

Cenozoic origin, where climatic conditions were suitable for the development of such 

ferruginous duricrusts. These clasts are probably the remnants of the formerly developed 

Early Palaeogene eluvial deposits, which is called as Idrisi Formation (CzI) in the report 

of the mapping expedition (Albert 2010). 

Large maximal grain size suggests that the sediment was not laid down by a normal 

flow. Sub-angular clasts point to a very short transport distance. Concerning the genetics 

it is more likely that these sediments had deposited in a mixed eluvial, alluvial and 

colluvial sedimentary environment. The iron rich matrix (Photo 16) suggests the 

presence of laterite-type soils, which was later saturated and cemented by evaporating 

pore fluids. 

On the mapping scale the ferruginous conglomerates often occur together with W-E 

(WNW-ESE) striking tensional tectonic features, like strike-slip faults and dykes. The 

tectonic breccias and the filling of the tectonic dykes are composed of this material (i.e. 

at wp. 10125 and 30191), which suggest a contemporaneous forming. 

 

 

Photo 16. Ferruginous coarse conglomerate from the undivided Cenozoic at the wp. 30191    (Lat. 

N 23º 33' 36.2"; Long. E 22º 9' 43.5") 
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QUATERNARY 

Eolian sediments 

Eolian processes pertain to the activity of the winds which may erode, transport, and 

redeposit materials and are effective agents in arid environments such as deserts or 

regions with sparse vegetation and a large supply of unconsolidated sediments.  

Wind-deposited sand bodies occur as sand dunes, ripples and sand sheets. In this 

study, we distinguished the sand dunes (Qed) and the sand sheets (Qes) as different 

mapping categories. 

Sand dunes (Qed) 

Sand dunes are mainly longitudinal "seif" (Arabic word for "sword") shaped and 

developed on the gravelly and rocky plains (sarirs) or on the subrecent deposits of the 

sand sheets. The proximity of the dunes is also sandy but there are no dune-forms. 

Sometimes, dunes can develop on rocky surfaces also and in the low pressure wind-

opposite side of hills. The strikes of seif-like dunes are mainly NE-SW marking the 

general wind directions. The length of each seif is 3–8 km and the width is 80–150 m. 

The highest sand dunes are in front of the northwestern cliffs of the Jabal Garandi where 

the highest point of the dunes is at more than a hundred meter above the plains (Figure 

12). 

 

  

Photo 17. Meandering ridge of a seif dune at wp. 10120 (Lat. N 23º 41' 52.4"; Long. E 21º 20' 

13.1") 

 

The sand is yellowish brown, and consists of fine to medium grained, unconsolidated, 

well sorted, well rounded monomictic quartzose clasts. The coarsest materials are 

generally in the troughs of the dunes, where the grain size can reach 3–8 mm. 
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Figure 12. A NNW-SSE cross section of the dunes in front of the western rim of Jabal Garandi 

derived from SRTM hypsometric data. Arrows represent the main wind direction. Darker grey 

represents the pre-quaternary bedrock, while lighter grey represents the eolian sand dunes. Note 

that the highest dunes are the closest to the plateau, due to the accumulation of sand! 

The age of the sand dunes is mostly considered as Holocene but it is very likely that 

during the climatic shifts between arid and humid times in the Quaternary, the largest of 

the dunes had “survived” the humid periods and had been rebuilt by the wind. The 

highest dunes formed geographic barrier for the watercourses in the Quaternary pluvial 

periods creating an endorheic basin northwest from the Jabal Garandi. Remnants of old 

dunes are sometimes detectable on satellite images or on aero photos. 

 

Sand sheets (Qes) 

Sand sheet deposits had also been formed by the wind and usually consist of medium 

sorted, medium rounded, grayish light brown medium to coarse grained sand. The 

material of the sand sheets was probably originally part of fluvial deposits, which was 

affected by the wind erosion and aeolian re-sedimentation during the Quaternary.  

Most sand sheets occur in the vicinity of sand dunes and play role as the source of 

materials of them. Wide sand sheet areas can be found in the northern, southwestern and 

southeastern region of the map sheet. 

The material of this kind of clastic sediment is mainly quartz but well rounded 

lithoclasts and limonite fragments are also quite common. 

The age of the sand sheets is considered as Holocene. 

 

Fluvial sediments (Qf) 

Fluvial sediments were distinguished from the wadi sediments according to the 

remarkable difference in extension. The fluvial sediments developed on the widest 

alluvial plains of the region. In the northwestern region of the Hassi Nafou map sheet, 

the observed lake carbonates evolved above a loose, medium sorted, oligomict gravelly 

sediment, which is considered as the outcropping beds of a Pleistocene river.  

The material of this sediment is mainly quartzose. The medium to coarse grained 

sediment itself is without observable sedimentary forms since it is loose but cross-

bedding is probable. Beneath the thin carbonatic crust, the sediment was shielded from 

the wind erosion thus, in these places, the loose sediment forms 0.5–1.5m high mounds. 

Amongst the clastic material 5–15 cm very well rounded, sandstones can also occur. 

The age of this sediment is probably Late Pleistocene and can be correlated with the old 

wadi sediments. 
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Lacustrine sediments (Qlc) 

Lacustrine carbonates are also present in some areas. Evidence of calcite was 

observed on the northwestern, central and southern area of the sheet. On the 

northwestern area (wp. 10071/30109), the complete remnants of a Late Neogene or 

younger fluvial and lacustrine environment can be found. The bedrock of the ancient 

river is coarse white sandstone, which is very porous.  

The river was probably a braided river since in the sediments no sign of the 

meandering channels were found, the clastic material is mainly coarse, well rounded and 

medium sorted gravelly sand, and the sediment itself is unconsolidated. The largest 

pebbles are 10 x 15cm. 

Thin layer of grey lacustrine carbonate can be found above the gravels and sand 

(Photo 18). In between the two sediments, large petrified wood trunks are present (Photo 

19). The trunks are very well preserved. The size of them is 10 to 30 m long and at least 

1 m in diameter above the roots. 

This lacustrine carbonate is usually a thin 0.5–1 m thick layer, which is commonly 

contaminated by silt and sand particles and extends over a relatively small area. 

 

Photo 18. Grey lacustrine carbonate at wp. 

30110 (Lat. N 23º43'54.3"; Long. E 21º5'35.6") 

 

Photo 19. Silicified wood trunks almost intact at 

wp. 30110 (Lat. N 23º43' 54.3"; Long. E 21º 5' 

35.6") 

Its base is probably late Pleistocene-early Holocene fluvial sediment, which was part 

of the catchments area of the north flowing fluvial systems of this time. 

 

Sabkha sediments (Qs) 

Sabkha is a transliteration of the Arabic word for “salt flat”. It is characterized by 

evaporite-carbonate deposits with some siliciclastics. Although sabkhas are originally 

described as supratidal regions forming along arid coastlines, the term is used for the 

chemical deposits of endorheic lakes in arid continental regions as well. 

The extremely arid climate in the Libyan Desert, variations lead to the very dynamic 

nature of a sabkha. Halite is deposited on the surface of the sabkha and gypsum and 

aragonite precipitate in the subsurface. Thermal contraction at night and expansion 

during the day lead to concave polygonal pans as the edges have been upturned, partly 
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due to growth of evaporites wedging the crack apart. Below this, there is a gypsum mush 

where nodules of anhydrite and other sulfates may develop (Butler 1969). In drier parts 

of the sabkha, the gypsum can be altered to anhydrite and the aragonite can be 

dolomitized diagenetically (Patterson & Kinsman 1982). 

Sabkha sediments cover elongated areas up to 8 km2 in size along the northwestern 

region of the map sheet. 

Playa sediment (Qpl) 

The playa sediments are mixed in their genetics but can be considered as mainly of 

lacustrine-fluvial origin. It was mainly formed when humid or semiarid conditions were 

present at this region but the runoff of periodic watercourses can accumulate sediments 

to form playas in the recent arid conditions also. 

It is reddish pinkish soil-like, unconsolidated or loosely cemented, poorly sorted 

sediment. Its main part is silt, clay or fine sand but rounded pebbles and a few small-

sized angular-, sub-angular lithoclasts can also be found. The remnants of the flora 

preserved as root traces cutting through the sedimentary structures, which are often 

parallel or cross-laminated.  

These sediments are situated in shallow deflated depressions or on the bottom of local 

endorheic basins where the runoff of water was blocked by sand dunes. 

These basins have been filled up by fine-grained clastic sediments in the arid phases 

of the Quaternary, and the remnants of the “old” playa sediments are exposed to wind 

erosion today (Photo 20). The largest occurrence of playa sediments can be outlined on 

satellite photos. The recently deposited “new” playa sediments form only a thin layer on 

the sarir (Photo 21). Although the “old” and “new” playa sediments were distinguished 

in the field, the two categories were combined due to their small extension. On the Hassi 

Nafou map sheet they can be found in depressions of the western region. The age is 

considered as Pleistocene–Holocene. 

 

Photo 20. Recently eroding “old” playa 

sediments at wp. 10129 (Lat. N 23º28'13.8"; 

Long. E 21º17'5.1") 

 

Photo 21. Accumulation of “new” playa 

sediments at wp. 10133 (Lat. N 23º9'43.6";  

Long. E 21º26'52.1") 
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Sarir (Qg) 

The sarir is originally an eluvial remnant of the fluvial-proluvial sediments of the 

Pleistocene and Holocene and is abundant on low relief areas of the Hassi Nafou map 

sheet. It may be the residual sediment of the latest one or two terrace levels. The 

genetics is very similar to the sand sheets but the coarser (>4 mm) lithoclasts in the sarir 

facies are at least 5%. The dominant material though is quartzite and the dominant grain 

size is pebble.  

 

Photo 22. Sarir on wp.: 30108 (Lat. N 23º 45' 15.9"; Long. E 21º 2' 16.6") developed probably 

above “old” playa sediment due to the outcropping shape of the hexagonal-shaped cracks 

originating from the drying of the clay-mineral rich sediments 

The surface of a sarir is flat (Photo 22) but occasionally small weathered pile of rocks, 

slightly ascending slopes may scatter the landscape. It may extend to tens of square 

kilometers but can fill only the old valleys as well covering the old wadi sediments (Qo) 

where signs of recent flush of precipitation are not present. 

As the sediment of the sarirs has eluvial genetics, the once developed red lateritic soil, 

in many places, remained underneath the surface and is characteristic for this kind of 

deposit. The seris are also called as “desert pavements” for this kind of protective 

characteristic. 

The clastic materials of the sarirs are affected by the evaporating pore fluids during 

the arid periods of the Quaternary. Chemically altered, silicified sandstones, siltstones, 

cherts, opals and organic material, like wood chips are most often present in this kind of 

sediments. The thickness of the sarirs varies between 0.5–1.5 m. 

 

Gravity driven deposits 

In the most well developed valleys, three different sediments can be distinguished 

(Figure 13). The lowermost, which is often buried, consists of large silicified sandstone 

and siltstone boulders. This coarse material could have deposited in the Late Cenozoic 

as old proluvial debris (Qop) at the time of the intensive uplift of the area and was 

altered by the silica and iron rich pore fluids. This chemically driven diagenesis also 

produced petrified woods (e.g. wp. 10071/30109), which are the most common fossils of 

the area. 
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During the humid and tectonically quiet periods of the Pleistocene, the old proluvial 

sediments were covered with thick layers of several red lateritic soil levels. This was the 

age of Palaeo- and Neolithic cultures of the area. The raw materials of the stone-tools 

were collected from the previously silicified sand- and siltstones. The old wadi deposits 

(Qo) of this age are rich in lateritic soil and often contain root traces. 

After the last humid climatic period, the sediments in the valleys changed again. The 

upper layers of the soils were mostly blown away by the wind and the gravity driven 

coluvial deposits like coarse rock-debris covered and sometimes reworked the old 

reddish remnants of the Pleistocene and the siliceous boulders of the Pliocene deposits.  

 

 

Figure 13. Cross section of a well-developed recent wadi with the different generations of gravity 

driven sediments 

The linear transport of these sediments formed the recent proluvial deposits (Qp) in 

the narrow valleys. If the wadi is wide enough, the sediments are composed of finer 

clasts and the unconsolidated material may contain sedimentary structures like parallel- 

or cross-bedding. These sediments are the wadi deposits (Qw). 

On the map sheet of Hassi Nafou the gravity driven sedimentation is very widespread, 

and all categories were distinguished. 

 

Old proluvial sediments (Qop) 

On the southern foreland of the Jabal Garandi, the oldest proluvial sediments are 

partially cemented by silica and limonite, and are exposed as scattered, 0.5–1 m high 

remnants of the old terrace (Photo 23).  
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Photo 23. 0.5–1 m high remnants of an old 

alluvial fan at wp. 40007  

Lat. N 23º10'47.8", Long. E 21º55'23.4") 

 

Photo 24. Partially silicified cross-laminated 

sandstone observed on the wp. 40007  

(Lat. N 23º10'47.8", Long. E 21º55'23.4") 

These sediments consist of fine to medium grained cross-laminated sandstones and 

sands. Those places where the 

siliceous pore fluids didn’t 

cemented the grains the 

unconsolidated sand remained. 

The lamination in the sand and 

the sandstone is continuous.  

Photo 25. Thin section of quartz 

and limonite matrix (lim) and 

coated quartz grains (cg), with 

neomorphous quartz lamellae (nq) 

in a partially cemented sandstone. 

Sample No. 123 wp. 40007 in 

parallel (left) and cross-polarized 

(right) lights 

The partially silicified cross-laminated sandstone was observed on the wp. 40007. The 

siliceous part of the rock was hard to differentiate from the old Mesozoic sandstones 

even in microscope (Photo 25), but the soft, monomictic quartz sand in the irregular 

shaped cavities confirmed the relatively young age. The sedimentary structures were 

continuously traceable in the silicified parts (Photo 24). 

The thickness of these sediments on the slopes of Jabal Garandi is estimated to be 1–

15 m and usually incised by the periodic watercourses and the sediment itself is often 

mixed with the younger proluvial sediments. The distinction is possible on those places 

where the old proluvium was partially cemented or the recent depositional level of 

proluvial sediments is in lower position. 

The age of sedimentation is probably Pleistocene due to stratigraphic and 

morphological position. 

Old wadi sediments (Qo) 

The old wadi sediments are deposited in a more humid period, that is why the sign of 

reddish lateritic soil is often present in them. The pinkish light-red color of this sediment 
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probably also comes from the eroded soil particles. The material is mainly fine to 

medium grained siliciclastic sand, pebbles and gravels in silty matrix with a thickness of 

a few meters.  

Outcrops of the old wadi sediments are often observable in the sides of the recent arid 

valleys (Photo 26), on the Hassi Nafou map sheet mainly along the northern rim of the 

Jabal Garandi plateau. It also occurs on the bottom of wide alluvial plains but in a 

relatively elevated position.  

The consolidation of these sediments had already started due to the precipitation of 

silica and limonite in the pores. The sedimentary structures of fluvial transportation are 

often present, most commonly in the form of cross-lamination. The periodic flushing of 

recent precipitation had eroded these sediments, so if we can see the beds, we can be 

sure that it is not recent wadi sediment. 

 

 

Photo 26. Outcrop of the old wadi sediments at wp. 40003 (Lat. N 23º15'9.8"; Long. E 21º19'14.5") 

Amongst these ferruginous cemented sediments, very well rounded, well sorted 

monomictic eolian sands can also occur. These are the re-deposited remnants of a 

previously developed arid environment where eolian sand sheets and dunes had formed 

and later had eroded just as it happens now. The erosional contact of the old wadi 

sediments with the covered older formations and the recent proluvium can be observed 

in smaller valleys. The age of the old wadi sediments is probably late Pleistocene–

Holocene. 

Proluvial sediments (Qp) 

Proluvial sediments are positioned at the foot slope of the mountains, where the 

valleys reach the plains forming alluvial fans. These sediments largerly cover the 

southern slope of the Jabal Garandi. It generally originates from the gravity-driven 

transport of mechanically disintegrated rocks but its fluvial origin also makes sense 

since periodic runoff of the rare precipitation is present. The coarse sediment fills up the 

bottoms of the narrow valleys and spreads out like a fan and surrounds the portals of the 

valleys in 1–5 m thickness. 
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The material of the coarse debris consists of Mesozoic rocks, fragments of ferruginous 

cemented disintegrated crust of the bedrock and re-deposited rounded gravels and 

pebbles of older (pre-Quaternary) sediments. The matrix of this clastic sediment is 

usually unconsolidated sand or silt. Its age is considered as Holocene. 

 

Wadi deposits (Qw) 

This kind of sediment, if looking at only the facies, is very hard to distinguish from 

other dominantly medium to coarse grained clastic deposits of the Quaternary (i.e. sand 

sheets). It consists of recently deposited sand, gravels and sometimes fragments of sub-

angular or sub-rounded lithoclasts. The proof of the recent or sub-recent origin may be 

the presence of signs of watercourses on the surface which, in most cases, appear only 

on satellite photos. It occurs only in wide valleys, in the vicinity of sand sheets, playa 

sediments and sarirs. On the Hassi Nafou map sheet wadi deposits were mapped in two 

valley systems southeast of Jabal Garandi. The thickness of these deposits is estimated 

to be 1–5m. A cross section of the wadi sediments would reveal primary sedimentary 

forms of fluid-transported clasts like cross-lamination. Wadi deposits often contain re-

deposited soil particles, sometimes root traces and other sign of bioturbation. The 

unconsolidated deposits of the periodic runoff of water in these wide valleys are almost 

never outcropped. The age of this sediment is Holocene. 

Those deposits, which were transported and accumulated in narrow valleys during the 

swift runoff of precipitation and, on the alluvial fans, are considered as proluvial 

sediments (Qp). 

Colluvial deposits (Qd) 

The colluvium is loose, grain supported sediment that has been deposited on a slope at 

the bottom, and was transported by gravity. On the Hassi Nafou map sheet colluvial 

deposits are widespread around the slopes of Jabal Garandi. It consists of coarse, angular 

debris of rocks (like Mesozoic clastic sediments), fragments of disintegrated ferruginous 

duricrusts and re-deposited rounded gravels and pebbles of other sediments. The matrix 

of this unsorted, unconsolidated clastic sediment is usually sand or silt. 

The colluvail sediments have formed during periods of tectonic uplift in the area but, 

due to its depositional environment of (slopes of the hills), is continuously eroding, this 

kind of sediment was preserved only if the circumstances suddenly changed (i.e. it was 

covered) or the erosion still not had wiped it out. Hence, most coluvial sediments which 

can be observed recently were formed during the Quaternary and mostly in the 

Holocene. If the soil forming of the latest humid periods affected the colluvial debris, a 

thin ferruginous crust had formed on the surface of the rock debris. This chemically 

altered crust is relatively darker than the surrounding rocks and is well distinguishable 

also on satellite photos. The colluvial debris laterally inter-fingers with the proluvial and 

the wadi deposits. Its thickness is 1–5 m. 



 50 

STRUCTURAL GELOLOGY 

Most part of the NF 34-3 sheet is ruled by the plateau of the Jabal Garandi where 

structural elements are hardly recognizable neither on satellite photos, nor in the field. 

On the rim of the plateau, a great variety of different structural elements can be observed 

below the duricrust layer. During mapping the bedding, the dip and strike of faults and 

fractures and in some cases, the signs of dislocation (like fault breccias), along these 

linear elements, are observable and measurable. Fault related small scaled (10 km in 

diameter) tectonic basins were also recognizable on the eastern part. 

The WNW-ESE striking tectonic lines of the Tertiary extensional phase are only 

present on the northeastern part of the sheet. This tectonic pattern basically suggests a 

ENE-WSW extensional force filed, which is represented by joint lihoclases.  

Kinematic analysis of faults can be done if the fault planes bear striations or clear 

displacement markers can be mapped. Much fewer data are available for deciphering the 

temporal evolution of the fracture pattern. This is due to the lack of formations with 

variable age and deformation intensity. Some relative chronological remarks, however, 

could have been done. 

 

STRUCTURAL ELEMENTS 

 

Structural elements were observed directly on the field and indirectly on satellite 

photos. Structural study involved the measurements of brittle structures, characteristic 

for the area, analysis of topographic data, and satellite images. Since brittle structures 

frequently displaced landforms, geomorphology was necessarily combined with 

structural analysis. 

Most of the structures were formed by brittle deformation mechanism. Folds, if they 

are present, are usually connected to faults and do not represent real ductile structures. 

Within the brittle structures, the following types of fractures could be observed: joints, 

faults with or without striation, deformation bands, fault-related folds, slight tilting of 

beds. Some of the brittle structural elements show transitional features and the 

distinction is often artificial. For example, deformation bands could evolve to discrete 

faults during the temporal evolution of the brittle structure. 

Although the great mass of the plateau of Jabal Al Garandi rules most part of the 

Hassi Nafou sheet where structural elements are hardly recognizable, we managed to 

observe a great variety of different structural elements both on satellite photos and on 

the field. The main characteristics of the tectonic pattern can be observed on satellite 

photos as linear elements of the northern and NE areas. During mapping the following 

structural elements were observed and measured along these linear elements: the 

bedding, the dip and strike of faults and lithoclases, flexural folds’ axis and, in some 

cases, the signs of dislocation (like fault breccias). Small-scaled (10-20 km) tectonic 

basins were also recognizable on the Eastern part, in some cases extending over the 

sheet border. 

Some elements (i.e. quartz-bearing joint lithoclases) carried the signs of hydrothermal 

activity, and suggested the presence of volcanism in the nortwestern area. 
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The planar elements, like joints, dykes and faults were sorted according to the host 

rocks, athough the distribution of structural lineation was not remarkably different in the 

older Qarat al Hamra and El Burg, and the Al Jawf Formations (Figure 14). 

 

 

 

Figure 14. Rose diagrams of the planar structural elements (joints, dykes, faults) in the Qarat al 

Hamra and El Burg (upper) and the Al Jawf (lower) Formations. Statistical data and parameters of 

the diagrams are located on the right 
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The main strike of the planar tectonic objects is WSW–ENE, with a peak of 

conjugates in the NW–SE strike directions. These objects are mostly considered to be 

created in a strike-slip type stress field with a W–E compression and a perpendicular 

tension during the late Mesozoic. 

The WNW-ESE striking tectonic lines of the Tertiary extensional phase are present in 

the northern and NE part of the sheet. This tectonic pattern basically suggests a ENE-

WSW extensional force filed, which is represented by joint lihoclases, normal faults and 

along strike-slip folds and was considered as the third distinct deformational phase. 

 

Joints 

The joint lithoclases (Photo 27) in siltstones and sandstones are mostly planar or wavy 

shaped and, in most cases, opened up because of extensional forces. These structures are 

often parallels to small dykes and faults. Some of them represent, though, the different 

stages of mechanical erosion and show a distribution of directions, which can be 

correlated with recent geomorphology, many of them are part of a Riedel conjugate 

system (i.e. Davis et al. 2000). 

 

 

Photo 27. Joint lithoclases on the eroded top of 

a hill. Dip trends and dips are 345º/82º and 

24º/84º (wp. 30156/10120; Lat: 23º 41' 52.4" 

N; Long. 21º 20' 13.1" E) 

 

Photo 28. Fault with several parallel joints at 

the wp. 10077 (Lat. N 23º 59’ 26.5”; Long. E 

21º 02’ 25.3”). Dip-trend/dip is 345º/88º 

Also many of them have the sign of cementation on the sides. The cement is mostly 

ferruginous and probably originates from the crystallization of dissolved Fe-rich 

materials, which were originally in the sediment. The crystallization might have taken 

place where pore-fluids had got under lower pore-pressure conditions (i.e. cracking of 

the sandstone). 

The extent of the joint lithoclases almost never exceeds the 100 m2 in area, which was 

defined as medium size. Many of them are smaller than 1 m2; these are regarded as the 

small sized joints. Large (more than 100 m2) master joints were detected rarely (i.e. wp. 

30193). 
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Faults 

The faults, which can be well observed in the field (Photo 28), there are usually small 

scaled (0.1–1.0 m). The larger scale faults can be detected on satellite photos and they 

probably have normal (extensional) characteristic combined with dextral-lateral 

movements. These morphologically outlined tectonic lines (morphotectonic lines) are 

common on the northeastern area. The strikes of these linear elements are NW-SE and 

SW-NE. The morphological features (direction and the shape of the valleys) of the rim 

of the Jabal Garandi plateau are often preformed by faults also. 

At some places, along the faults, especially the E-W striking ones, the silicified 

breccias (Photo 30) of siltstones (i.e. at wp. 30191) and the presence of idiomorphic 

quartz (at wp. 10079) and carbonatic minerals (at wp. 30106/10069) suggest the 

presence of syn- or post tectonic hydrothermal activity. 

Parallel fault plains were measured also on the SW of the neighboring Rabyanah 

sheet. 

Scarps were also recognized at some outcrops on fault mirrors (Photo 29), though 

they were very badly preserved (wp. 10124) since the lithological conditions of the 

sediments (there are very rare occurrence of carbonate) are not preferable for the 

development of slickenside structures. Tectonic breccias are also present and suggest 

horizontal type of movements at a few places. 

 

 

Photo 29. Wind eroded fault mirror on the wp. 

10124 (Lat. N 23º 41' 28.1"; Long. E 21º 25' 

6.5"); dip-trend/dip is 165º/85º. Scarps indicated 

a dextral-lateral movement, with normal 

component. 

 

Photo 30. Fault breccia (tectonically reworked 

conglomerate with sand and silt in cemented 

matrix) at the wp. 10125 (Lat. N 23º 42' 8.5"; 

Long. E 21º 29' 21.5"); dip-trend/dip is 30º/85º 

BEDDING 

The bedding of the measured statigraphical units are not always related directly to 

tectonics. This is, though, not the case at small and medium scale synform structures. 

Tectonical basins are best seen on the satellite photos, regarding their size (10–20 km 

in diameter). At the NF34-3 sheet, the most well developed basins can be found on the 

eastern part of the sheet. On satellite images, these structures were identified as 

concentric but irregular or elongated shape objects (Figure 15). Except for a few places 

(i.e. wp. 30194/10157), the outcrops were not suitable for measuring but a general trend 
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of layers proved that the dip of the bedding is inward to the centre of the object, thus 

these objects are considered as subsided basins. 

In the middle of these basins, the observable beds of the sedimentary units are 

relatively in higher position in the succession, than on the rim of the basins. In many 

cases, these beds were identified as parts of the older El Burg and the younger Al Jawf 

Formation. 

The most remarkable of these subsided basins is the Jabal Al Garandi itself. It is 

located above a large bowl shaped depression, where according to the PZ-10-M (Lat. 

23º 30' 10.6" N; Long. 22º 6' 1" E) exploratory water well, the late Mesozoic Al Jawf 

Formation is thicker than in the surrounding area.  

This depression was also well recorded on the magnetic anomaly map of the Al 

Kufrah Basin (Ghanoush & Abubaker 2007). 

 

 

Figure 15.  Concentric forms of small-scale subsided basins connected to an E-W extensional 

force-field (wp. 30194/10157; Lat. N 23º 31' 56.6"; Long. E 22º 19' 59.1") 

VOLCANISM 

 

In the northwestern area, many of the younger sediments have the influence of 

volcanism either on the texture or even on the genetics. These sediments are primarily 

the hydrothermal lake sediments (silcretes) but, secondarily, the travertine carbonates 

(observed on the wp. 10075) may also refer to hydrothermal activity. 

The late Miocene volcanism of the Tibesti area probably continued with post-volcanic 

activity during the Pliocene, and formed geyser cones and acidic hydrothermal lakes in 

the most active spots. One of these spots can be found at the north-westernmost corner 

of the sheet (wp. 10079), where chemical sediments of the post volcanic activity, like 
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geyserites and limnic silcretes, can be found above the tectonic breccias. Idiomorphic 

quartz crystals also were found on this location. 

The limnic silcretes both bears the sedimentary structures of lacustrine sediments, 

showing very fine lamination and syn-sedimentary folds, and the signs of chemical 

precipitation of silica. The microscopic analysis of this sediment revealed that each thin 

lamina of the sediment is composed of almost synchronously formed quartz crystals. 

The thin layers of precipitated quartz are interlaced with laminas of dust-sized 

terrigenous materials. The fine-grained sediment was exposed later and desiccation 

crack occurred almost parallel with the original lamination. The residual SiO2 content of 

the pore fluids precipitated in these cracks and formed small idiomorphic quartz crystals. 

The same post-volcanic process may also provided dissolved silicium-dioxide for the 

chemical processes, which formed petrified woods in this area. 

Since practically there isn't 

sedimentary carbonate in the 

Paleozoic and Mesozoic ex-

cept the rare Rabyanah Mem-

ber of the El Burg Formation, 

and probably the Cenozoic 

sratigraphical section also 

lacks carbonates, it is very 

likely that the carbonates of 

the Quaternary probably 

originate partly from 

hydrothermal sources. The 

small extent of calcareous 

sediments (freshwater marls, 

limestones), which can be 

found at the vicinity of the 

dug well of Hassi Nafou (wp. 

10073), also show that there 

weren’t significant amount of 

carbonate in the area. 

The Quaternary carbonates 

can occur as lake sediments 

(Ql), as terraces on plateaus, 

as matrix of tectonic breccias or even on the slope of mountains like travertines as well. 

The age of the travertines is estimated as 0.1–2.5 million years (Pleistocene) since it 

must be older than or contemporaneous with the eolian sediments but younger than the 

hydrothermal activity, which may be connected to the last extensive volcanism of the 

Tibesti or the Al Haruj volcanic complex (Peregi et al. 2003). The petrified “forest” of 

the northwestern area (wp. 30110) may have also formed in this period. 

The ICP-OMS analysis of the limnic silcrete in the NW area revealed unusually high 

barium (Ba) content, which also suggests a hydrothermal origin. 

 

 

Photo 31. Thin section of the post-volcanic silcrete of the 

wp. 10079 (Lat. N 23º 58' 55.1"; Long. E 21º 1' 8.4"). 

Sample No. 86, in cross-polarized lights. The very fine-

grained siliceous, laminated sediment was later cracked 

(desiccation cracks) and secondary idiomorphic quartz 

crystals have formed symmetrically on the walls of the 

cracks. 



 56 

STRUCTURAL EVOLUTION 

 

Structural evolution was reconstructed using data from the neighboring NG 34-15, 

NG 34-16 and NF 34-4 sheets but the structural phases were correlated with the 

observations on the southern part of the Al Kufrah Basin, and with the stratigraphic 

evidences like erosion surfaces. 

Many east-west trending structures seem to have been particularly active at the time 

of the Hercynian orogeny, and locally often overprint earlier Palaeozoic structural 

trends. This is particularly noteable, in the Kufra Basin, where a series of prominent 

east-west trending troughs developed to the south of the “Uweinat Block” during the 

Late Carboniferous and Permian (Klitzsch 2008). 

The oldest deformation phase, which can be detected from the observed data, mainly 

resulted in the formation of thrusts, fault zones and joints associated with Fe-mineral 

veins.  

These tectonic features were generated in a strike-slip type stress field with W–E, 

WNW–ESE directed compression and perpendicular tension. This deformation phase 

affected the Permian to Early Cretaceous Qarat al Hamra and El Burg, and the 

Cretaceous Al Jawf Formations. Indicators of this phase are detected in outcrop scale 

fault-slip structures, but several map-scale faults can also be attributed to this phase. 

The second phase already affected the Cenozoic continental formations on the western 

region of the Hassi Nafou map sheet (Figure 16). NE–SW striking faults, dykes, joints 

with Fe-mineral veins and saturations were formed by extensional stress field whose 

minimum stress axis was NW–SE trending. Some pre-existing fractures could also be 

reactivated during this phase. Schäfer et al. (1980) suggested NE–SW compression and 

perpendicular extension during late Cretaceous–Oligocene, which broadly correspond to 

this phase in direction and time. NNW–SSE extension was measured in the Hun Graben 

(Abadi 2002). The suggested time for deformation is latest Palaeocene to Eocene. It is to 

note that the stress axes are not well constrained because of the lack of sufficient good 

quality kinematical data. 

A possible third phase was represented by a few fault-slip data measured in the 

Cretaceous Al Jawf Formation on the southern central regions of the Jabal Garandi, and 

the north-eastern Qarat Mafas regions (Figure 16). The observed data indicate a strike-

slip or transtensional stress field with NE–SW extension and perpendicular compression. 

Similar stress field and fault pattern were observed in the eastern and northern Kufrah 

Basin (Decker et al. 2008) and throughout the different places of the Sirt Basin. Schäfer 

et al. (1980), Anketell (1996), Less et al. (2006), Fodor et al (2005) and Toljić & Turki 

(2007) observed NE–SW extension in the southern Sirt Basin while Abadi (2002) in the 

Hun graben. It is to note, however, that this phase in the mapping sheet did not result a 

fracture density comparable to the Sirt Basin, or even to the density of fractures in the 

northern territories of the Al Kufrah Basin. 
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GEOLOGICAL HISTORY OF THE KUFRAH BASIN 

PRECAMBRIAN 

 

The oldest known crystalline formations in the vicinity of the Al Kufrah Basin are 

parts of the Nile Craton, and the East Saharan Craton. These are Neoproterozoic granite 

batholiths of the Pharusian belt. In the Uwaynat area the unit of the undifferentiated 

Precambrian comprise amphibolites, migmatite gneisses, quarzites, quartzo-feldspathic-

gneisses, biotite gneisses, Banded Iron Formation, marble, ultrabasic and quartz 

carbonate rocks, cal-silicate rocks and granitic gneisses. These basement massifs 

outcrop in the Jabal Uwaynat and in the Tibesti area (Hallet 2002). 

The oldest sedimentary rocks are the Infra-Cambrian sandstones, which are 

preserved in several subsurface grabens below the Paleozoic-Mesozoic sandstones 

(Herzog et al. 2008), and crop out in the eastern and western flanks of the Al Kufrah 

Basin. Selley (1971) described a 65m thick section from the Northern Jabal Eghi area, as 

fining upward cycles of a braided river system. The beds cover the crystalline rocks and 

the top was eroded by Cambrian sediments. On the eastern side of the basin, close to the 

Jabal Arkenu, meta-sediments like meta-greywacke occur below the Cambrian 

Hassawnah Formation (IRC 1985, Lüning et al. 1999, El-Mehdi et al. 2004, Le Heron et 

al. 2009). The buried grabens (see Figure 17) were detected on seismic sections and the 

sediments in them seem to have suffered large-scale folding and faulting (Herzog et al. 

2008). The age of deformation is determined as Infra Cambrian to Mid Cambrian 

(Mamgain 1980). These kinds of structures are created by tectonic compression, which 

is described from the Precambrian Pan-African orogeny by several authors (i.e. Assaf 

1991, Vail 1991). Since then, the tectonic force fields of this region were mostly 

extensional. 

 

CAMBRO-ORDOVICIAN 

 

In the Cambrian, deposition of thick sequences of the Hasawnah Formation had taken 

place all around the northern peripheries of the Pan-African cratons extending from the 

Western Sahara to Arabia. The thickness of this extremely widespread and lithologicaly 

uniform beds of sandstone and conglomeratic sandstone varies from 350m in the 

northwest to 1150m in the southwest in the Kufrah Basin (Hallet 2002). The facies of 

this highly crossbedded, silicified, sometimes Tigillites bearing but mostly 

unfossiliferrous sediment is considered as continental firstly by Massa and Collomb 

(1960) in west Libya. 

The deposition of clastic materials continued during the Early to Mid-Ordovician but 

the depositional environment was shallow marine low energy tidal facies along the 

northern peripheries of Gondwana. According to Hallet (2002) and Grignani et al. 

(1991), these sediments are missing in the Kufrah Basin, but Herzog et al. (2008) 

interpreted the abundant trace fossil (Skolithos) bearing fine grained sandstone beds of 

the Jabal Az-Zalmah as the Hawaz Formation. 
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On the Gondwana, continent glacial conditions prevailed during the late-Ordovician 

(Beuf et al. 1971) and along its northern coasts; fluvial deltas of periglacial streams with 

marine influence were the most common environments of sedimentation at this time.  

At some places, however, glaciers thus glacial erosion may have existed in synchrony 

with the fluvial-shallow marine sedimentations (Hallet 2002). 
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The first sedimentary proofs of the melting of the ice are the drop-stones (tillites) 

from the glacially incised valleys, which are present in the thin bedded, fine grained 

marine sediments of the Melaz Shuqran Formation (Massa & Collomb 1960).  

In these beds, large scale soft sedimentary deformations are also common indicating 

the instability of sediments because of the load of the rapid accumulation of materials. In 

the Kufrah Basin, the presence of these type of sediments was reported by Lüning et al. 

(1999) in the Jabal Arknu area and, by Herzog et al. (2008), in the B1-NC43 borehole. 

Others like Grignani et al. (1991), and Hallet (2002) reported the absence of both the 

Hawaz, and the Melaz Shuqran Formations in this region (Figure 18). 

The Mamuniyat Formation represents the last phase of the melting of the ice sheet. It 

is made up of a 100–150m thick prograding delta sedimentary sequence, which consists 

mainly of fine to medium grained crossbedded sandstones and which is very widespread 

in Libya. The late Ordovician (Ashgillian) age of these beds was first determined by 

brachiopods, which represented an arctic shallow marine environment (Collomb 1962). 

Chitinozoas of the B1-NC43 borehole also proved this age in the Kufrah Basin 

(Grignani et al. 1991). 

 

SILURIAN 

 

The basal Silurian marine transgression (Taconic event) was brought about by the end 

of the glacial phase and by eustatic sea-level rise. The glacially eroded surface was 

uncomformly covered with a thin basal sandstone bed and thick, dark-colored, 

graptolitic shales of the Tanezzuft Formation, which is the most important source rock 

of petroleum in Libya. According to graptolite fossils (Neodiplograpthus fezzanenzis), 

the age of these sediments is mainly early Silurian (Desio 1940) but it seems to be 

getting younger towards N-NW (Bellini & Massa 1980). 

In the Kufrah Basin the Tanezzuft Formation is exposed in the Jabal Az Zalmah, 

where it’s thickness is 125–135 m (Herzog et al. 2008, Le Heron & Howard 2008). 

Although the oldest (Ashgillian) Tanezzuft sediments had been found in the Al Kufrah 

Basin, the organic-rich facies, the “hot shale” have not been reported from this region 

yet (Hallet 2002). 

The upper-mid Silurian progradation of the shoreline to N-NW in correspondence 

with the Tanezzuft Formation has also been observed in the Akakus Formation (Bellini 

& Massa 1980). The Akakus Formation is rich in trace fossils and conformably overlies 

the Silurian shales. In the Kufrah Basin the outcrops of these sediments were reported on 

the eastern (Jabal Arknu) flanks, and in the A1-NC43 well (Grignani et al. 1991). 

Herzog et al (2002) consider the SE region of the Kufra Basin as totally free of the 

Silurian and Devonian succession due to the Carboniferous erosion (see Figure 17). 

After the deposition of the Akakus Formation, the sedimentation of clastic materials 

had taken place farther to the northwest (i.e. Mergl & Massa 2000). The Kufrah Basin, 

just as most of the other regions of the late Silurian, Northern Gondwana had been 

affected by the last active phase of the Caledonian orogeny. This extensive erosion 

(Caledonian unconformity) was relatively weak in the Kufrah Basin and was represented 

mostly with sedimentary hiatus, rather than uplift and erosion (Herzog et al. 2008). The 
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erosion had started in the upper Llandoverian and ended in the Lower Devonian dated 

by the Tadrart Formation in the A1-NC43 well (Grignani et al. 1991). 

 

 

Figure 18. Phanerozoic formations in the Al Kufrah Basin after Banerjee (1980), Grignani et al. 

(1991) and Herzog et al. (2008) 

DEVONIAN–CARBONIFEROUS 

 

The clastic sequences of the Devonian age were deposited on a tectonically active 

continental margin of Gondwana, where the repeated transgressions and regressions 

migrated rapidly over large areas (Hallet 2002). 
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The first transgression is represented by the older, mainly continental Tadrart and the 

younger, mainly marine, finer grained Ouan Kasa Formations. In the Kufrah Basin, 

these two sedimentary units weren’t distinguished from each other either in the A1- and 

B1-NC43 wells or on the surface outcrops in the Jabal Eghi, Jabal az-Zalmah and J. 

Arkenu area.  

Their combined thickness varies from 60 to 150m, and the lower-Devonian 

(Lochovian to Emsian) age in the sections were determined by microfossils in the 

boreholes and at the Jabal az-Zalmah outcrop (Bellini & Massa 1980, Grignani et al. 

1991). 

The Hercynian orogenic events resulted in the emergence of several NE-SW 

intercratonic sags and arches in North Africa which increasingly affected the 

sedimentation. Thus from the Early Devonian times trough the Mid- to Late Devonian 

and the entire Carboniferous the Kufrah Basin was either part of mainly continental 

basins or suffered erosion. According to Grigani et al. (1991) a 1280 m thick succession 

of terrestrial and marine sediment represents this time interval in the B1-NC43 well.  

Herzog et al. (2008) distinguish two uplift and erosion events according to seismic 

data (see Figure 19). These uplifts were represented by unconformity surfaces on the 

seismic sections. The Early Hercynian unconformity event was a short but intensive 

uplift in the early Carboniferous, which wiped out the Silurian to Early Carboniferous 

sediments from the entire southeastern quarter of the Al Kufrah Basin. This event was 

followed by a transgression and the deposition of mainly continental Carboniferous 

sediments of the Jabal az-Zalmah, which is referred as Az Zalma Formation in this paper 

(Vittimberga & Cardello 1963, Said et al. 1993). 

The Hercynian unconformity event was also detected on seismic sections by Herzog 

et al. (2008), but it is also clearly identifiable on the surface geological maps (i.e. IRC 

1985) where Permo-Mesozoic rocks rest on various older formations. This Late 

Carboniferous and Early Permian uplift resulted in the removal of most of the 

Palaeozoic sequence in the area of the Sirte Basin and affected the Tibesti High and the 

Kufrah Basin.  

 

PERMIAN TO LATE MESOZOIC 

 

The post-Hercynian history of the Kufrah Basin usually lacks solid grips since the 

sediments of this era are quite similar to each other and poorly contain fossils. Several 

continental basins may have developed during this period. These basins were filled with 

a variety of alluvial fan, fluvial and lacustrine sediments, before further deformation and 

uplift eventually exposed both the basin fills and the surrounding sub-crops (or just a 

part of them) to extensive erosion (i.e. Hallet 2002, Craig et al. 2008). 

The presence of the Permian and Triassic clastic sediments in the Kufrah Basin has 

been proved by palinological investigations of wells A1- and B1-NC43 (Grignani et al. 

1991). Plant fossils, dated as Jurassic and Cretaceous were also identified (De Lestang 

1965, Klitzsch 1966, present work). 

Although several attempts were made to differentiate the post-Hercynian deposits, a 

common denominator could not have been achieved until now. It was addressed with 

several names starting with the “Nubian sandstone” and the “Continental Post 
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Tassilien”, through the detailed nomenclature of the 1960’es to the recently applied 

names of SW-Egypt. It is sure that at least three major cycles can be differentiated in 

the succession. 
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The well log of the B1-NC43 shows one, and the seismic data shows two 

characteristic unconformities within these sediments (Grignani et al. 1991, Herzog et al 

2008). On the field, the division was usually based on the facies, the general trend of the 

grain size, thickness of beds and the maturity of the erosion surfaces. 

The remnants of the first cycle are the Late Permian–Triassic red shales and 

sandstones which were encountered in the A1- and B1-NC43 and on the southern, 

south-eastern and the eastern flanks of the Al Kufrah Basin (Grignani et al. 1991, 

De Lestang 1965, Klitzsch et al. 2008, present work). 

The second cycle is represented by the variegated sediments of a meandering river, 

which comprises medium-bedded, siltstones and sandstones, and sometimes 

conglomerate. In the A1-NC43 well it is 218m thick but towards the south it can be 

twice as much. According to Klitzsch et al. (2008), on the SE peripheries of the Al 

Kufrah Basin these sediments indicate a southward to westward transport from an 

erosional area in South Egypt. This well corresponds with the seismic data which 

suggest a depositional center for the whole Permian–Mesozoic sequence in Sudan 

(Herzog et al 2008). The Late Triassic to Early Jurassic age of these beds was 

determined by pollens from the A1-NC43 well and from equivalent beds in North 

Sudan. 

The third cycle is represented by the rather coarse grained sediments of a braided 

river-system but at some places, the section starts with thin-bedded shales and fine-

grained beds. In the Chadian part of the Al Kufrah Basin, De Lestang (1965) described a 

30-40 m succession of red, silty shale, which may be equivalent to these beds according 

to their stratigraphic position. East from the Gilf Kebir, these shales were rich in fossils 

and represent the Ceonomanian transgression (Barthel & Boettcher 1978, Issawi & Jux 

1982). The thickness of these sediments in the A1- and B1-NC43 wells is in the range of 

150-400 m. 

The overlying beds of these units (major cycles) are the first occurrences of carbonate 

in the Mesozoic sequence of the Al Kufrah Basin. They consist of shale and fine-grained 

sandstone with lenses of limnic limestone or marls. (Burollet 1963; De Lestang 1965; 

Banerjee 1980, present work). The age of these beds was determined as Jurassic to Early 

Cretaceous according to the stratigraphical positions. 

The latest studies of Herzog et al. (2008) applied the nomenclature of the Murzuq 

Basin (see Hiba! A hivatkozási forrás nem található., and Hiba! A hivatkozási 

forrás nem található.) but those units which had deposited in the Murzuq (or farther to 

the west in Algeria) represent different chronological interval from the Al Kufrah Basin. 

The most obtrusive difference is the Tiguenturine Formation which, in the Murzuq 

Basin, represents the Late Carboniferous and Early Permian times (De Lapparent & 

Lelubre 1948), but Herzog et al. (2008) used this terminology for Late Permian and 

Early Triassic sediments. It is very likely that the other stratigraphical units, derived 

from the western Libyan nomenclature, also represent different time period. 

Since the sedimentation had covered large areas and the sedimentation had always 

been characterized by the local morphology, the identification of the depositional facies 

of these units is not enough for differentiating formations.  

Determination of the microfossils is also insufficient since it is not visible in the field. 

Furthermore, a formation can always be diachronous. Only the determination of the 

macrofossils and following the mature paleosols horizons may lead to further “fine-

tuning” of the Permian to Late Mesozoic stratigraphy of the Al Kufrah Basin. 
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LATE MESOZOIC 

 

The rifting of the Sirt Arch affected the Northern and Northeastern parts of the Al 

Kufrah Basin as well. This extensional tectonic phase already started in the late Triassic 

and was most active in the early-mid Cretaceous (Massa & Delort 1984), Hallet 2002). 

The swarm of the NW-SE striking strike-slip faults and cracks is the remnant of this 

phase and is present even at the 23° N latitudes on the eastern edge of the basin. 

During the mid-Cretaceous, uplift and erosion was typical in the northern (Jabal Az-

Zalma, Bzimah oasis) territories of the Al Kufrah Basin along a WNW-ESE striking of 

a morphological belt. This belt was in between the Sirt and the Al Kufrah Basins and 

suffered erosion from this time on in the Cretaceous. The uplift might have been 

simultaneous with the subsidence of the Sirt Basin and probably was driven by the 

buoyancy of the continental plate caused by the disequilibrium. 

After the main phases of the Early Cretaceous tectonics, extensive fluvial 

environments had developed in the Al Kufrah Basin again. The deposited sandstones are 

less fractured and tectonized than the sedimentary beds of the Triassic to Early 

Cretaceous era. These late Mesosoic beds were recognized earlier as the “Nubian 

sandstone” and were considered as of mainly Cretaceous age (IRC 1985). Micro-

paleontological proofs were not found until now, although abundant wood fossils were 

collected. 

It was considered that, during the late-Cretaceous transgression, the Al Kufrah Basin 

was geographically connected to the Sirt Basin since late Cretaceous marine sediments 

were found on the Northern part of it. These sediments form a marine evaporite-shale-

dolomite succession from the latest late-Cretaceous, and cover Paleozoic beds 

unconformably (Luning et al. 2000b). This indicates that the mid- to late-Cretaceous 

erosion must have wiped out all the Mesozoic formations from the Northern area. The 

thick sequences of continental sediments in the inner parts of the Al Kufrah Basin had 

remained mostly intact below the late Mesosoic sedimentary cycle.  

 

CENOZOIC 

 

After the Cretaceous, the climate in North Africa at that time is thought to have been 

generally hot and humid (Bellion 1989). Although during the Paleocene transgression 

marine limestone and shale accumulated in much of the Sahara (Swezey 2009), in most 

of the Al Kufrah Basin, the sign of this environment is not represented. Thin (0.5–1 m) 

arenite carbonate lenses were observed in the westernmost area (Hassi Nafou sheet) 

discordantly overlying the Mesozoic sandstones, but it needs further investigation to 

determine its age. 

In most of the Kufrah region, it is supposed that fluvial and paludal sedimentary 

environments were present at that time and the Early Cenozoic sedimentation in the Al 

Kufrah Basin was restricted to the development of continental deposits (Czc). 
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In most of the Kufrah region, it is supposed that fluvial and paludal sedimentary 

environments were present at this time and the Early Cenozoic sedimentation in the Al 

Kufrah Basin was restricted to the development of continental deposits (Czc).  

These deposits can be divided into different groups according to their genetics. The 

paleosols are of eluvial origin, while the redeposited clastic material is of mainly 

colluvial or proluvial origin. Sediments of fluvial and chemical origin are also common 

amongst this Cenozoic continental succession. 

Above the Mesozoic sandstones a 0.1–3 m thick red iron-oxide rich silt (laterite) is 

present as the remnant of a tropical soil (CzI = Irq al Idrisi Formation). The soil 

developed on a thick weathered crust of Palaeozoic or Mesozoic rocks and was mostly 

eroded later. The material of this red paleosols was redeposited several times during the 

Cenozoic until now. If the climatic conditions were proper for that, hard ferruginous 

crust developed on the top of it but it could have happened at several times during the 

humid Paleogene, since the crust is also present above the re-deposited materials of this 

formation. These crusts may be equivalent to the ferruginous crust on “an Early Tertiary 

erosion surface” in southern Egypt and northern Sudan (Nahon 1986, Herbillion & 

Nahon 1988). 

During the Eocene, the uplift of the Uwaynat area reactivated and it had formed a 

geographic barrier, where now alkali granites and foid syenites of Tertiary age crop out 

in the basement (Vail 1985). Hallet (2002) also considered the age of the ring intrusion 

of the Jabal Uwaynat as Eocene. Issawi et al. (1999) refers the Uwaynat area to be active 

during the Ypresian and in the Lutetian. 

At the end of the Eocene, the marshy and plain environment of the Al Kufrah Basin 

slowly became a diverse orography of hills and mountains, with steep hillsides and deep 

valleys in the Paleo-Uwaynat mountain, which was probably as high as today the Tibesti 

is but the climatic conditions were much wetter. The root of this mountain is the 

outcropping crystalline ring complex of the Jabal Uwaynat. 

During the Oligocene, the rate of the uplift and erosion probably had reached its 

maximum. Active gravity driven sedimentation, like landslide and debris flow deposits 

(Czc) were the signs of extensive erosion at this time. Remnants of these sediments are 

now positioned on the top of the hills. The orientation of the extensional sedimentary 

dykes (NW-SE) filled with these sediments suggests that the sedimentation can be 

connected to the extension of the Red Sea basin. The uplifted central, eastern and south-

eastern region of the Al Kufrah Basin became a watershed between the catchments areas 

of the northern river systems aiming to the Mediterranean seashore, and the Palaeo-Chad 

Lake. The active inland basins developed at the Irq Al Idrisi erg and maybe at the 

Kufrah Oasis area, and contained sediments of fluvial and paludal (marsh) origin. The 

evolution of marshes on the iron-rich sediments had formed bog-type iron ores. 

On a larger scale in the Libyan-desert area, the development of extensive fluvial 

systems was also typical during the late Paleogene and Neogene, parallel with the 

regression of the sea level, when the climate was wet enough to support the runoff of 

great, north-flowing rivers in North Africa (i.e. Carmigiani et al 1990). The termination 

of these extensive fluvial systems had happened contemporaneously with the decreasing 

precipitation in the area, and the tectonic uplifts and subsidence, which caused avulsions 

of the riverbeds during the Plio-Pleistocene. 

The Cenozoic volcanic activity in the Al Kufrah Basin may have started at the time 

with the plutonic intrusion and uplift of the Jabal Uwaynat. The remnants of this oldest 
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phase were not detected, only the later phases of volcanic and subvolcanic basalts, 

trachites and syenites on the south-eastern, and signs of young hydrothermal activity on 

the eastern and western flanks of the Al Kufrah Basin were observed. 

The relative age of these rocks was determined mostly indirectly and was considered 

as contemporaneous with the three major rifting episodes of the Afro-Arabian rift 

system. According to Baker et al. (1972), the geochronological data of the Eastern Rift 

in Kenya suggests an Eocene (44-38 Ma) for the oldest, a middle Miocene (16-11 Ma) 

for the second and a Plio-Pleistocene (5-0 Ma) age for the latest rifting phase. These 

ages correspond generally well with the ages of the Libyan volcanics (Farahat et. al. 

2006) and, according to Hegazy (1999), the age of volcanic rocks decreases from NNW 

toward SSE in Libya. 

Olivine rich basalt lavas and plutonic dykes are located along the eastern edge of the 

Al Kufrah Basin, where the upwelling magma was able to penetrate the Mesozoic and 

Cenozoic continental deposits. The basaltic upwelling is often related to the cross points 

of faults with NE-SW and NW-SE strike, which is also a common trend in the 

distribution of the Libyan volcanics (Farahat et. al. 2006). 

Signs of hydrothermal activity can also be detected in the western Hassi Nofu and the 

eastern Irq Al Idrisi area. Limnic quartzite and fine-laminated cherty sediments are 

sparsely present on the western Hassi Nofu region, and may be connected to the late 

Miocene-Pliocene evolution phases of the Tibesti volcanic complex (Permenter & 

Oppenheimer 2007). This event may also correlate with the mid-Pliocene uncomformity 

(Swezey 2009). 

During the Neogene and the Quarternary, the southern part of the Al Kufrah Basin 

was part of the “Mega” Chad Lake catchments area (Goudie 2004). The southward 

flowing direction can be recognized from the tree-like patterns of the paleo-riverbeds on 

satellite photos of the Irq Al Idrisi area, where the development of the NE-SW striking 

faults decapitated the south-flowing river systems (Figure 20). 

 

Figure 20. Eroded heads of the south-flowing river-system on the Irq Al Idrisi sheet.  

The coordinate of the photo’s center is Lat. N 20°6’51”; Long. E 22°57’41” 
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That time, the northern part of the Al Kufrah Basin belonged to the catchments area of 

the Neogene river of Sahabi which, during the Messinian drop of the Mediterranean sea 

level, incised about 400m into Middle Miocene carbonates (Sahabi Formation) forming 

the so called Sahabi Channel (Barr & Walker 1973).  

On the western part of the Al Kufrah Basin, the southern branch of the Sahabi river 

system (called “Palaeo- and Eosahabi River” by Griffin 2002) evolved beneath the 

Rabyanah Sand Sea. Griffin 2002 supposed a further SW trending of this river system 

suggesting the Messinian Lake Chad catchments area as the origin and the Western 

Tibesti Valley as the location of the river channel. More likely, this valley was incised 

during the uplift of the Tibesti as a result of the higher relief energy, and collected 

precipitation from the slope of the Tibesti Mountain during the Late Neogene and the 

Plio-Pleistocene. 

After the uplift, the southern parts of the Sahabi fluvial system and the northern part 

of the Chad Lake system terminated or the river channels avulsed. The formation of the 

north-flowing Wadi Al Blitah system in the Al Kufrah Basin had started. The uplift of 

the southern rim of the Al Kufrah Basin produced a natural barrier for the rivers and 

caused the development of extensive wet, lacustrine environments in the southern part of 

the basin. 

Cycles of pluvial and arid climatic periods produced erosion terraces during the 

arid and duricrusts of the palaeosoil during the humid periods of the Pleistocene. 

Remnants of these sediments are the mixed colluvial, proluvial and sarir (eluvial) 

deposits. These periods were probably the Mousterian Pluvial starting from 50 and 

lasting to 30 kybp (Wilson et al. 2000 ) and the Abbassia Pluvial (120-90 kybp.), which 

were relatively short wet and rainy periods terminated by arid periods (Burroughs 2003). 

Wet periods like these were common also earlier in the Pleistocene (i.e 191-220 kybp 

and before 260 kybp), according to travertine samples from the Egyptian Western Desert 

(Crombie et al. 1997), Szabo et al. (1995) determined four humid (“lake forming”) 

periods in the Eastern Sahara during the Pleistocene and one in the Holocene. These 

periods correspond with the major interglacial phases farther on the North. The presence 

of the lacustrine environment in the Al Kufrah Basin was concluded also from radar 

image analysis (Robinson et al. 2006). Extensive river systems were also present (i.e. 

wadi Al Blitah) with huge alluvial fan on the North, East from the plains of Sarir. 

The pre-Holocene arid periods produced eolian sediments, which had later 

cemented by ferruginous matrix. These sediments are the very well rounded coarse 

sandstones from the South-Al Kufrah, and partially silicified dune sands from the Hassi 

Nafou area. The morphology was probably very similar to the recent and was scattered 

by small volcanic hills on the SE. The volcanic material had been collected and used by 

the Neolithic people. 

Humid period of the Holocene age is represented by pollens from Rabyanah. The 

morphology was smoother than today and small lakes and rivers scattered the landscape. 

Remnants of the iron-rich lateritic soils of the Palaeogene and Neogene served as Fe 

source for a secondary ferruginous cementation, which involved the eolian sediments of 

the previous arid periods. The sediments of this period are the old wadi-, the fluvial- and 

the lake deposits. This period is probably equivalent to the Neolithic Subpluvial (9-5 

kybp.). The huge mounds of “nabkha” sediments (in South-Al Kufrah) are the living 

remnants of this wet period. 
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The recent arid period is dated from the latest pluvial (5 kybp.) to the recent. The 

morphology developed by the wind erosion. The sediments of this period are: the eolian 

sand dunes, sand sheets, wadi sediments and evaporites of periodic lakes. 
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MINERAL RAW MATERIALS 

Beside stratigraphical and structural interpretation of different geological formations, 

preliminary data were obtained about the mineral raw materials in the mapping sheet 

area. Field notes and samples were taken during field season, while the characterization 

of the presumed raw materials was accomplished in laboratories of IRC and of several 

Hungarian institutes. The collected data was for characterizing the spatial extension of 

the samples and for identifying their chemical properties. 

In the mapping sheet, iron ore indications, kaolinitic sandstones, carbonates, 

siliceous sandstones, sand deposits, heavy minerals, and chert were identified. 

Sandstone samples usually were collected for thin section, heavy mineral and X-ray 

analyses. Ferruginous sandstone samples were taken in order to measure the amount of 

iron and to study the chemical conditions of crystallization. The kaolin bearing samples 

were analyzed in order to measure the rate of kaolin content in between the grains. Both 

the iron and the kaolin matrix were also studied by thin section method.. 

From the thin sections determination of the material of the clastic components, the 

physical conditions of the grains (i.e. roundness, sorting, crusts, re-crystallization and 

solution), and the relation of the cement to the grains was aimed. Most of the mineral 

components were analyzed by counting the grains in microscope. 

Chemical analysis was carried out in those cases where the rate of elements was 

interesting. The tests were performed in the Laboratories of IRC according to the British 

Standards (BSI-812). The samples were mostly collected from possible raw materials 

(like iron-ore bearing, or kaolinitic sandstones, and quartzite). 

The X-ray analysis for the sandstones is necessary if the rate of feldspar, quartz, 

kaolin or other clay mineral, micas and carbonates (if present) is interesting. The 

percentage of different minerals can reveal the circumstances of sedimentation and 

diagenesis (i.e. Folk 1980). 

 

IRON ORE INDICATIONS 

 

In southern part of the Sahara, iron ore indications were mentioned firstly by Prince 

Kemal el Dinh (1928), which reads about the „black desert iron” as raw material 

processed by the ”old Saharan blacksmiths”. Mahrholz (1968) published a few chemical 

analyses, two of them from Rabyanah area, pointing out the high manganese content of 

some concretions. The samples were taken from limonitic-cemented or ferruginous 

clastic rocks. 

On the Hassi Nafou sheet, iron ore accumulation was not detected, samples from dark 

ferruginous sandstones, however, gave information about the mineralogical composition 

(especially the kind of iron minerals), the chemical and trace element composition. 

Thin and polished sections of four sandstone samples with limonitic matrix and 

ferrolitic crusts were analyzed (Table 1). The microscopic analysis of these sampled 

rocks registered 22–28% limonitic matrix in-between the grains. The quartz grains are 

the main component of the granular fraction (65-75% quartz). A few, well rounded, 

polycrystalline, coarse grains, and the finer fractions, from the silty to the medium 
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grained, subangular, subrounded sand-fraction, with dark cuneiform-lamellar inclusions 

are also present.  

The other rock-forming minerals are the feldspars, muscovite, biotite and chlorite (2–

3%). The accessories are rare: a few rounded zircons, titanite and anathase grains were 

found. The lithic fragments (2–6%) also appear. 

 
Waypoint Sample No. Latitude (N) Longitude (E) 

30134 56 23º 51' 38.5" 22º 17' 50.4" 

30160 93 23º 29' 45.3" 21º 21' 7.9" 

30167 97 23º 0' 39.2" 21º 22' 41.7" 

30176 100 23º 23' 51.5" 21º 38' 7.7" 

30178 101 23º 14' 48.9" 21º 52' 35.5" 

10157 107 23º 31' 56.6" 22º 19' 59.1" 

30184 108 23º 38' 50.3" 21º 49' 3.2" 

30206 153a 23º 7' 18.1" 22º 22' 11.6" 

Table 1. Location of ferruginous sandstone samples on the Hassi Nafou sheet 

The main component of the void filling matrix is the reddish brown, translucent, 

smooth, colloidal limonite. Since the amount of iron minerals (and colloids) is up to 

25%, using the classification of Dott (1964), they were defined in the category of 

ferrolites. 

The elliptical, limonite grains are in voids between the coarser grains. Part of the 

limonite gel was re-crystallized forming thin, fibers in the pores. In sample No. 97 and 

153b, the limonite rich, fine, red brown zones form 1–3 cm large mottles in lighter rock 

(Photo 32), while in sample No. 93, limonitic matrix was observed in the whole section. 

 

 

Photo 32. Thin section of a fibrous, slightly 

anisotropic iron oxy-hydroxide (goethite and/or 

hematite) ribbons in quartz sandstone. Sample 

No. 153b in cross-polarized lights. 

 

Photo 33. Polished section of cryptocrystalline, 

partly re-crystallized goethite forming fields 

(goe) in fine grained, silty sandstone. Sample No. 

108 with blue filter 

The sample No. 108 is formed by dark brown and black, fine- to medium-grained, 

very hard, platy, sandy-silty limonite fragments. It was examined in polished section 

analysis: 

The well polished, yellowish, cryptocrystalline limonite appears as large, poikilitic 

fields (Photo 33). A few of them form 1-3cm long ribbons in the matrix This ribbons 
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seem to fill thin fractures or platy voids with remnants of the wall rock as islands in the 

limonite.  

Among the clastic metallic minerals, small, slightly rounded, elongated and lamellar 

detritic hematite grains appear, with visible bi-reflex. The magnetite forms isometric, 

light grey grains with micro-vacuolar surface due to the polishing defaults.  

A greenish white, isometric, well polished chromite grain with characteristic 

rectangular scale-like margins was also identified. The non metallic phase of the sample 

is constituted by sub-angular and sub-rounded, hard minerals and less hard, deeply 

polished matrix.  

The transparent phase of the sample are formed by fine grained minerals (quartz) with 

a small amount of metallic ones, i.e. needle-like, ~1μm sized iron oxides, probably 

hematite and/or goethite, and insulated clastic magnetite particles. 

The structure of the ferrolitic matrix and/or groundmass suggests a moving 

(descendent?) fluid filling in the available space, often with displacement of the clastic 

materials (and of a part of the older matrix). The different maturity of iron hydroxides 

can also be observed: colloids, cryptocrystalline fields of goethite, crystallized goethite 

(and/or hematite) in fibrous rims and pore liners. 

In the Hassi Nafou map sheet, dark brown or black colored, presumably iron bearing 

rock samples were selected primarily for determining the rates of different oxides by 

chemical analysis (Table 2).  

 

Oxides 
Rates in samples [%] 

56 93a 93b 97 100 101 
SiO2 55.52 32.38 62.32 73.15 72.05 56.35 
TiO2  1.39    0.96 

Al2O3 1.45 14.59 7.50 0.63 6.54 17.96 
Fe2O3 29.38 40.42 21.43 21.37 13.23 14.93 
MgO 0.12 0.00 0.13 0.02 0.06 0.08 
CaO 0.02 1.29 0.02 0.04 0.15 0.11 
MnO 0.83 0.11 0.01 0.01 0.01 0.00 
Na2O 0.03 0.03 0.05 0.05 0.03 0.00 
K2O 0.01 0.03 0.01 0.02 0.01 0.03 
P2O5  0.17    0.11 
SO3 0.02 0.64 0.03 0.03 0.02 0.15 

-H2O  0.13    0.00 
LOI 1000°C 12.24 8.52 8.51 4.08 8.06 4.95 

Zn 0.01  0.00 0.01 0.01  
Total: 99.62 99.69 100.00 99.41 100.16 95.65 

Table 2. Rates of oxide components according to the chemical analysis 

The classification and the technological properties of these sampled rocks, apart from 

sample No. 93a, are characterized by high silica and low metal contents. In the ternary 

diagram of James (1954), the analyzed ones are in the field of taconite-type siliceous 

ferrolites or the in the chamosite-stilpnomelane iron ore type field. 

The contents of main and trace elements were analyzed only for samples No. 93a and 

101. Some siderophyl elements like P, Ti, Mn and V appear in relatively high amount 

(up to 100 ppm.), while the calcophyl ones (As. Cd, Cu, Pb, Zn) remain below 30 ppm. 

After Schwertmann et al. (1968), the presence of S, Mn, As, V and Zn in ferrolites 

indicates a biogenetic concentration of iron hydroxides. 
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The technological characterization i.e. the amount of the utile, noxious, fondant and 

volatile components is applicable for the determination of the quality of iron ores (Table 

3). Among the analyzed samples, the No. 93a, and No. 107 seemed to be interesting 

from economic point of view. On both locations, the iron minerals appear as matrix in 

silty sandstone, respectively in thin stratified sandstone with 2cm lens-like, fine-grained 

pink inter-beddings. 

In the location of sample No. 93a, limonitic crusts and limonitic silty sandstones 

appear frequently forming some 30–50 cm thick lenses in the first 2 m from the top of 

the Western plateau of Jabal Garandi. This ferrolitic zone represents a post-Mesozoic 

„weathering crust”, which may have developed during the Cenozoic. Due to the large 

extension of the plateau of Jabal Garandi, there may be conditions for huge 

(approximatly 448,900 m t) expected reserves of iron, other samples from the plateau 

although (No. 100, and 101) were poorer in quality. 

Since these type of ores has relatively low iron and high noxious component contents, 

this area is out of economical use. However, during the World War II, in Germany these 

type of ores were processed (using the Krupp-Rhein technology) with hard state 

subsidies (Mahrholz 1968). 

 
Sample 

No. 
Utile components Noxious components Fondants Volatiles 

 Fe [%] 
Mn 

[%] 

Ti 

[%] 

Cr 

[ppm] 

Co 

[ppm] 

V 

[ppm] 

SiO2 + 

Al2O3 

[%] 

P2O5 

[%] 

S 

[%] 

Na2O+ 

K2O 

+ CaO [%] 

LOI+  

H2O
-100 

[%] 

56 20.57 0.524     56.97  0.01 0.06 12.24 

93a 28.30 0.085 0.00 55.3 3.4 167.8 46.97 0.17 0.24 1.34 8.65 

93b 15.00 0.003     69.82  0.01 0.08 8.51 

97 14.96 0.006     73.78  0.01 0.11 4.08 

100 9.26 0.004     78.59  0.01 0.19 8.06 

101 10.45 0.000 0.00 42.2 2.5 63.8 74.31 0.11 0.06 0.15 4.95 

107 26.22 0.016     53.53  0.01 0.16 9.45 

Table 3. Rates of utile, noxious, fondant and volatile components in iron ore samples 

KAOLINITIC SANDSTONES 

 

The white (light grey, light-brown or pink), fine- to middle-grained, well bedded 

sandstone with or without silty inter-beddings appear on the area of the Hassi Nafou 

sheet, as forming large surfaces in northeastern regions of the map sheet. Here, large 

surfaces of this type of sandstones are covered only by a few tens of centimeter thick 

sand level. The outcrops appear around the most elevated hills, where a section of 5–8m 

of the „white complex” could be observed. 

In the mapped sheet, several outcrops of kaolinitic rocks were documented and 

sampled for detailed analysis. For technical reasons, thin sections were made from 

harder, clay-poor part of the sampled rocks. These rocks were described in 25 

observation points and analyzed in five ones (Table 4). 
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Sample 

No. 
WP. 

Coordinates 
Location Analyses 

°N °E 

56 30134 23º 51' 38.5" 22º 17' 50.4" Northeastern region 2, 3 

82 10078 23º 59' 49.1" 21º 1' 37.5" 

Jabal Garandi – 

North 3 

91a 30157 23º 32' 51.8" 21º 28' 22" 

Hill in the western 

basin 2, 3, 4 

106 10154 23º 29' 58" 22º 2' 29.4" 

Jabal Garandi – 

East 1 

118 10129 23º 27' 47" 21º 17' 38.7" 

Jabal Garandi – 

West 2, 3, 4 

Table 4. Kaolinitic sandstone samples on the Hassi Nafou sheet 

*Analyses: 1=thin section; 2=X-ray diffractometry; 3=chemical analysis; 4=geochemical analysis 

 

The thin section analysis was made by polarizing microscope from sample No. 106, 

which originated from a white, medium-grained, hard sandstone, containing rarely small 

(>1 mm), pink chert fragment. 

The clastic material of the sample is quartz which, form sub-rounded and sub-angular, 

medium and angular, fine grained, isometric and elongated grains with or without scarce 

undulating extinction. A few grains appear with small, euhedral biotite, chlorite (Photo 

34), garnet, zircon, sillimanite and dark mineral inclusions. The quartz grains are poorly 

sorted, and the finer grains are parts of the matrix. The feldspars form angular, fresh and 

weakly sericitized grains, and mainly of orthoclase. A few albite grains with thin 

twinning lamellae are also present. 

 

Photo 34. Angular and rounded, 

poorly sorted quartz grains (q), one 

with chlorite inclusion (chl), 

orthoclase (or), plagioclase (pl), 

actinolitic hornblende (a), dark 

brown chert (ch), weathered igneous 

rock fragment (ig) and grey 

kaolinitic matrix.  Sample No. 106, 

in cross-polarized lights 

 

 

 

The straight and folded sheets of 

muscovite can be both fresh and weathered (limonitic) having normal and low 

birefringency colors. The amphiboles are represented by a few scarce pleochroous 

hornblende prisms with thin limonitic films. As accessories, rounded and sub-rounded 

zircon and titanite grains appear. 

The lithic components are represented by elliptic, darker chert grains and a few 

weathered igneous rock fragments. 

More than 1/5 of the sample is constituted by the basal and void filling matrix of fine 

grained (silty) clastics, kaolinite, scarce crystallized silica filaments and sericite flakes. 
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At the maximal magnification, the kaolinite shows leaf-like, stripped lamellae, forming 

crystals around some quartz grains. Chemical analyses for kaolinitic rock samples were 

made in four cases for bulk components (oxides) and for normative minerals (see Table 

5). 

Oxides 
Rates in samples [%] 

56 82 91a 118 

SiO2 38.50 95.97 69.38 68.58 

TiO2 1.81  1.43 0.88 

Al2O3  32.46 2.48 20.43 25.76 

Fe2O3 6.25 0.85 2.72 0.56 

MgO 0.20 0.06 0.45 0.57 

CaO 2.00 0.03 0.20 1.13 

MnO 0.03 0.00 0.02 0.01 

Na2O 0.88  0.09 0.00  0.00  

K2O 0.36 0.03 0.02 0.04 

P2O5 0.11  0.03 0.04 

SO3 0.18 0.03 0.01 0.03 

-H2O 0.16  0.07 0.05 

LOI1000°C 11.64 1.12 3.56 2.79 

Total 94.58  100.66 98.33  100.45  

Normative 

minerals 

Rates in samples [%] 

56 82 91a 118 

gypsum 0.43 0.05 0.19 0.05 

pyrite     0.07   

apatite 0.18 0.01   0.05 

titanite 4.18 0.01   1.52 

ilmenite     0.43   

anathase     0.57   

vivianite     0.89   

calcite 0.88 0.01   0.59 

pirolusite 0.03 0.01 0.01 0.01 

orthoclase 1.72 0.11 0.03 0.15 

albite 6.56 0.45   0.01 

chlorite 2.75 0.51 3.78 5.92 

kaolinite 54.50 2.58 22.61 32.90 

hematite 3.60 0.32 0.01 0.24 

quartz 25.16 95.97 71.41 58.56 

Total 100.00 100.00 100.00 100.00 

Table 5. Chemical analysis of kaolinitic sandstones for bulk components (oxides) and normative 

minerals 

For the chemical analysis, white (presumably kaolinitic) fine-grained and silty 

sandstones and siltstones were collected.  

In sample No. 86, despite of its white color, no notable kaolinite content was detected 

thus the “kaolintic sandstone” nomenclature for the rocks, that are white and silty, must 

be used with care in the field. The normative calculus has only informative importance; 

it describes, however, the qualitative composition of the analyzed rocks quite correctly: 

such minerals as gypsum, apatite, titanite, ilmenite, anathase, calcite, chlorite, 
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orthoclase, hematite, which were identified or presumed by mineralogical analyses, 

appear as normative minerals.  

We do not exclude the presence either of the pyrite, as inclusion in quartz grains, or 

the iron phosphate (vivianite), a secondary mineral formed by the alteration of ore 

deposits near the surface. 

Rock samples (No 56, 91a, 118) were analyzed by ICP-OMS method for main and 

trace elements. The samples show a variable distribution of the analyzed elements, 

caused not for the different mineralogical composition but the differences in structural-

textural peculiarities of the sampled rocks. The concentrations of main elements as Al 

and Fe and the siderophyl elements as Ti, Mn, Cr V and Ba have the same distribution in 

the different samples since the degree of crystallinity of minerals containing the 

siderophyl elements is determined by the solubility of Al and Fe. Therefore, the smaller 

amount of iron minerals may bond less siderophyls.  

The K, Na, S, As, Li, and Sr follow the distribution of Ca. The HNO3-soluble Ca in 

these rocks may be related to the small remnants of weathered silicates with igneous 

origin (as plagioclase, epidote, amphibole) or to the secondary minerals like calcite or 

gypsum. As the Ca concentrated mostly on the surface, the Ca-content refers to the 

„exposition” of rocks to the weathering processes. Sample No. 56 was well exposed 

while, in case of No. 91a and 118, they were less exposed. 

X-ray diffractometry analysis of three samples showed that the amount of kaolinite 

varies between 19–27%. Evidences of well ordered lattice and well crystallized minerals 

were also recorded, as it is indicated by the presence of Hb and Hi kaolinite. In sample 

No. 56, 2%, „inherited” (2M) illite, while in sample No. 91a, 2% neomorphous (1Md) 

illite was found. Beside the high quartz content, traces or a few percent of K-feldspar, 

calcite, anathase, hematite and goethite appear. Traces of the amorphous phase were 

detected only in sample No. 91a (Table 6). 
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56 2  27 70 1  tr  tr  0.38 1.35 

91a   2 26 67 1   1 3   tr 0.38 0.94 

118     19 79 tr 1 1       0.38 1.07 

Table 6. Results of the X-ray diffractometry analysis 

According to the results of microscopic, X-ray and chemical analyses, the amount of 

the kaolinite is close to prospective rates. Using the relations proposed by Budnikow 

(1953), we calculated the levigable parts LP (i.e. the extractible fraction with leaching of 

these samples) summing the normative clay minerals. 

[1] LP=[ill+chl+kaol] 

The normative calculus put in evidence chlorite, which was not registered in the 

samples otherwise. The small quantities of feldspars, sulfates and accessories 

correspond both to microscopic and to X-ray analyses. In case of the real composition, 



 77 

however, the <0.064mm quartz, feldspar and rock fragments, and part of mica will come 

in this fraction, the LP of most of the samples is formed mainly by kaolinite. 

The refractory index (RI) was calculated using the following relations: 

[2] 
)( 22

32

CaOOKONa

MgOOAl
RI




  

The refractory index of sample No. 34b is situated between 60 and 120 (slightly 

refracting product), while the rest of samples may be characterized as „non refractor 

product”  

The expected white index (WI) was calculated with the following formula: 

[3] 100
)(

32

23232 



OAl

TiOMnOFeOOFeOAl
WI  

For the samples 91a and 118, the 

white index (WI) is close to the ideal 

100, due to the negligible amount of 

colored oxides (Table 7). Knowing the 

outcropping situation and the expected 

technological properties, a ground 

follow-up prospecting works in the 

western Jabal Garandi around the wp. 

30157 (Lat. N 23º 32' 51.8"; Long. E 

21º 28' 22") may be considered. 

CARBONATES 

 

Kufrah Basin is generally a carbonate-poor region, where carbonates 

appear only sparsely. The rate of the outcropping carbonates is below 1% 

relative to the mapping area. Small carbonate accumulations were 

identified on the western, central and southern parts of the mapping sheet. 

Most of them were described as grey, carbonatic sandstone, or sandy 

limestone sometimes with soft, spongeous calcrete. The microscopic 

analysis of thin sections revealed that in the fine, micritic groundmass, 

 56 91a 118 

LP 59 26 39 

RI 70 94 22 

WI 75 80 94 

Table 7. Calculation of the rates of the levigable 

parts (LP), the refractory index (RI) and the white 

index (WI) of the kaolinitic sandstone samples 
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algal pellets, worm traces and probably ostracode shells are present 

(  
Photo 35). 

 
Photo 35. Lacustrine limestone with probable ostracod shells (os) and quartz clastics (q) in micritic 

groundmass (m). Sample No. 42 (wp. 30110; Lat. 23º 43' 54.3" N; Long. 21º 5' 35.6" E) 

 

The non-carbonatic fraction, which forms 5–8%, is represented mainly by fine- to 

medium-grained, angular, or sub-angular quartz grains but insulated feldspars, 

muscovite, lithic clasts and accessorial minerals are also present. 

 

According to the thin section and chemical analyses, the limestone samples are not 

proper for building-industrial utilizations producing mortars and plasters due to the high 

contents of noxious components. The rate of clastic material, however, is low enough to 

use these carbonatic rocks as raw material for fired lime. 

 
Samples CaO MgO SiO2+Al2O3+Fe2O3 Fe2O3 S 

42 43.26 2.46 9.86 2.33 0.03 

Table 8. Chemical components of the carbonatic sample No. 42 

SILICEOUS SANDSTONE 

 

In the Hassi Nafou map sheet, some siliceous sandstone bed may be considered as raw 

silica material. Such sandstones were sampled in several waypoints (Table 9) 
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Sample No. Wp. 
Coordinates 

Location 
°N °E 

55 30132 23º 51' 4.8" 22º 6' 39.7" Northwestern region 

59 30141 23º 58' 34.1" 22º 12' 37.7" Northeastern region 

102 30179 23º 17' 17" 21º 56' 24.8" Jabal Garandi – South 

112 30156 23º 41' 52.4" 21º 20' 13.1" 

Southern edge of the Sand 

Sea 

123 40007 23º 10' 47.8" 21º 55' 23.4" Southern plains 

153 30206 23º 7' 18.1" 22º 22' 11.6" Southeastern region 

Table 9. Siliceous sandstone samples on the Hassi Nafou sheet 

The SiO2-bearing mineral phases of these samples are the quartz, the chert (as lithic 

grains, Photo 37), a part of rock fragments and almost the entire matrix. 

The quartz form silty, angular fragments, fine to medium, sub-angular, sub-rounded or 

rounded grains (Photo 36) and a few, well rounded coarse grain and gravels. The coarser 

grains contain various inclusions (micas, chlorite, heavy minerals and dark components). 

Some samples show optically overgrowing rim segments. 

 

Photo 36. Thin section of a quartzose sandstone 

formed by angular, sub-angular quartz grains 

(q), chloritic-sericitic quartzite (qchl) and chert 

(ch), orthoclase (or), plagioclase (pl) in slightly 

anisotropic silica matrix with sericite nests 

(ser). Sample No. 59, in cross-polarized lights. 

 

Photo 37. Stripped chert band in quartzose 

sandstone. Sample No. 102, in paralleled 

polarized lights (48x) 

The chert grains appear in rock forming quantities only in sample No. 102, as 8–12 

mm, zoned, thin layers (Photo 37) and sub-rounded or angular grains with stripped 

internal structure. In the rest of the samples, chert grains appear among the rock 

fragments. The SiO2-rich rock fragments are probably from igneous bodies and 

quartzite, which form lens-like sandy grains (Photo 36). The matrix and/or cement of 

these rocks are colloidal or cryptocrystalline silica with limonite pigmentation strips of 

colloidal limonite, clastic and neomorphous quartz (Photo 38) occasionally with sericite 

nests. 
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Photo 38. Void filling, re-crystallized quartz 

cement (Q). Sample No. 153, in cross-

polarized lights. 

 

Photo 39. Microcline with limonitic rim. 

Sample No. 123, in cross-polarized lights 

The analyzed samples contain 4% (max.) feldspars, which are fresh, or slightly 

sericitized orthoclase, microcline and plagioclase (Photo 39). The feldspars are 

particularly important materials considering the quality of the silica products since they 

are the main factors of the melting temperature. The noxious components, as micas, 

chlorite, amphibole and iron bearing dark minerals are missing or appear under 1%. 

By their petrographic character, these samples are quartz arenite (Pettijohn 1975) or 

orthoquartzite (Pettijohn et al. 1973), which would be used as raw material for silica 

refractory materials with high acid resistance and for ferrosilicon, as well. Ferrosilicon is 

used in steelmaking and foundries as a source of silicon in production of carbon steels, 

stainless steels, and other ferrous alloys for its deoxidizing properties.  

The quality of silica refractory material is determined by the silica-, aluminum- and 

calcium-oxides. It gives the expected melting point of the product obtained by firing of 

the sampled material. For these samples (Table 9), it is situated between 1686–1713° 

degrees centigrade. 

 

Oxides 
Demanded 

composition [%] 
55 59 102 112 123 153 

SiO2 93–98 95.99 96.16 93.39 93.14 95.71 95.93 

CaO 0–4 0.01 0.21 1.54 0.20 0.00 0.00 

Fe2O3 0,5–2 1.05 1.43 1.57 0.88 1.26 1.40 

Al2O3 0,3–2 1.68 1.43 0.03 1.31 1.41 1.23 

Na2O+K2O+MgO 0–3 0.06 0.33 0.32 0.29 0.04 0.07 

Table 10. Comparison between the factual and the demanded oxide composition for refractory 

silica products 

The chemical composition of the samples shows that these rocks may be useful for 

refractory silica products since the comparison between the factual and the demanded 

oxide composition proved that the necessary amount of components were present in all 

samples (Table 10). 

For obtaining ferrosilicon, the siliceous raw material must contain more than 96% 

SiO2, less than 1.5% Al2O3 and less than 0.05% P2O5. Presuming that the 

(undetermined) P2O5 does not exceed this limit, the sample No. 59 may be useful for 

ferrosilicon. 
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The reserves of the sampled sandstones are incalculable for siliceous raw materials 

without a more detailed preliminary prospecting and sampling in the vicinity of the 

sample 59 (northeastern region of the map sheet). 

GRAVEL AND SAND DEPOSITS 

 

In Hassi Nafou map sheet, large sand accumulations are present. The most extensive 

one is situated on the northern area as the continuation of the Rabyanah Sand Sea. Here, 

the highest ones of the sand dunes are located on the northern fore-slopes of the Jabal 

Garandi, where the northern and north-eastern winds drop the sand particles as the 

elevation of the wind currents increase. The relative height of these dunes may exceed 

100m. Apart from sample No. 94 (wadi alluvium), the samples from this area were taken 

for grain size and for chemical analyses. 

Smaller but still extensive sand fields cover the western side of the map sheet. Patches 

of gravelly sand and sand sheets were observed on the southeastern regions, where the 

dune forms are relatively rare and not higher than 2–5 m. 

 

Sample No. Wp. 
Coordinates 

Location 
°N °E 

40 30107 23º 43' 42.5" 20º 58' 19.2" Out of the sheet (West) 

94a 30162 23º 30' 4.5" 21º 27' 5.3" Jabal Garandi - western basin 

105 30183 23º 52' 6.2" 21º 45' 21.9" Northern region (Jabal Al Salytah) 

108 30184 23º 38' 50.3" 21º 49' 3.2" Jabal Garandi - northern rim 

Table 11. Analyzed gravel and sand samples on the Hassi Nafou sheet 

The grain size analysis of the dune sands showed that it is a well sorted, wind moved, 

„living” sand accumulation, which contains perfectly rounded and smooth, spherical 

quartz and chert grains. The grain size analysis of the sand showed unimodal 

distribution between 0.1–0.5mm with small amount of the coarser grains and with 

insignificant quantity of silty-clayey fraction on the windy sides of the dunes (sample 

No. 40) and relatively high silt and clay content on the leeside of the dunes (sample No. 

105). This asymmetric distribution was observed also by Whitney (1993), who found 

that, in the windward wing of dunes, the fine fraction is trapped between the coarser 

grains while, in steeper wing, this fraction is blown out by the wind. 

The sample 94a was collected from the alluvium of Wadi al Ashwar in the northern 

region of the Jabal Garandi, where the blown sand accumulates in front of the hills and 

creeps on the plateau. The loose sediment is rather heterogeneous, mainly because of the 

presence of twisted and dragged, slightly rounded coarse grains and gravels, including 

small sandstone fragments.  

The grain size analysis of the sand showed bimodal distribution: one in fine to 

middle-grained sand fractions and other in the coarse sand and the fine grained gravel 

fractions. This kind of distribution was also described by Friedman (1961) for mixed 

aeolian-aqueous sand types. 

The chemical analysis of sample No. 108 showed almost pure quartz sand, which may 

be used for molding for steel and special casting, while sample No. 94, containing more 

alumina and iron oxide, cannot be considered as useful raw material (Table 12). 

 



 82 

Sample 

S
iO

2
 

A
l 2

O
3
 

F
e 2

O
3
 

M
g

O
 

C
a

O
 

M
n

O
 

N
a

2
O

 

K
2
O

 

S
O

3
 

L
O

I 1
0

0
0

°C
 

T
o

ta
l 

94a [%] 

8
7

.7
0
 

3
.9

8
 

3
.0

2
 

0
.2

3
 

0
.0

1
 

0
.0

2
 

0
.0

2
 

0
.0

1
 

0
.0

2
 

5
.3

8
 

1
0

0
.3

9
 

108 [%] 

9
5

.1
8
 

1
.1

1
 

1
.3

3
 

0
.0

7
 

0
.1

9
 

0
.0

4
 

0
.0

7
 

0
.0

1
 

0
.0

1
 

1
.7

1
 

9
9

.7
1
 

Table 12. Chemical analysis of sand samples 

HEAVY MINERALS 

 

Heavy mineral samples were made from fraction  0.1–0.2 mm of the samples: No. 

40, 94a and 105 with bromoform separation, which were examined with polarizing 

microscope after terpentine bedding. The aim of the heavy mineral analysis was to 

determine the mineral composition of the samples and the concentration of economically 

useful components. 

Among the heavy minerals, usually the Titan, Zircon and rae earth element bearing 

ones are useful. The amount of heavy fraction for the three samples was 0.58, 1.08 and 

1.08 %, respectively. The two latter values for samples 94 and 105 signify an important 

concentration regarding the amount of accessories of sandstones, where the heavy 

minerals appear far below 1% but, for economic use, these concentrations are very low. 

CHERT 

 

In the Hassi Nafou mapping sheet, cherty rock fragments and opals were collected 

and observed mainly on the surface of the sarir and in some proluvial deposits (wp. No. 

30108, 30159) The very hard chert and flint fragments were studied by microscope and 

consist of light brown, weakly stripped and mottled, very hard cryptocrystalline silica. 

Silicified wood pieces were also found in various places. 

The origin of these rocks is probably tied to the Quaternary development of the 

duricrusts during the arid periods. The fact that these rocks were used during the Stone 

Age proves that the silica precipitated in an earlier semiarid period from the pore fluids.  

Now days, these rocks are collected by travelers as they represent a precious raw 

material for traditional jewelry handcraft. 

RADIOACTIVE INDICATIONS 

 

During the geological mapping, the natural gamma radiation of rocks and sediments 

was measured on several locations. The aim of these measurements was to obtain spatial 

image of natural gamma radiation and to detect accumulations of radioactive elements. 
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The measured values vary between 25–70 CPS (count per second) on 120 locations. 

Radioactive anomalies were not detected. 
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HYDROCARBON POTENTIAL 

OVERVIEW OF THE HYDROCARBON EXPLORATION ACTIVITY 

 

Between 1975 – 1981 AGIP carried out a multidisciplinary hydrocarbon exploration 

program and the acquisition of 2189 km of 2D seismic data. AGIP drilled two deep 

wildcat exploration wells to the basement, (A1-NC43 reaching a depth of 3019 m and 

B1-NC43 a depth of 4164 m). Both wells penetrated the entire Paleozoic succession, 

which consists predominantly of sandstones.  

In 1989 AGOCO, on behalf of NOC, acquired a seismic survey of 4612 km in the Al 

Kufrah Basin that mainly covered the region south of the area previously explored by 

AGIP. Additional AGOCO studies included gravity and magnetic modelling as well as 

organic geochemistry of samples from the two AGIP exploration wells. In the search of 

microseeps, soil and sediment samples were taken by AGOCO over seismically defined 

structural traps and lineaments and these were geochemically analyzed for thermogenic 

gases (Said et al., 1998). Four additional wildcat exploration wells were drilled in the 

period 2007-2010; A1- NC198 by RWE-Dea (2007), A1-171/04 by Statoil (2008), A1-

186/02 by ENI (2010) and A1-201/4 by Wintershall (2010), their location is shown on 

Figure 21. All of them proved dry without any trace of hydrocarbon accumulation. 

PETROLEUM-GEOLOGICAL OVERVIEW OF THE AL KUFRAH BASIN 

The Al Kufrah Basin is geologically very similar to the smaller Murzuq Basin in SW 

Libya. On the geological analogies the scientific research has been focusing on the 

following questions; (1) the existence of structures for hydrocarbon traps, (2) existence 

of source rock and (3) thermal maturity of the source rock (Lüning et al. 2010). 

Most of the key elements known from the Murzuq Basin are also known to be present 

in the Al Kufra Basin: thick, porous Cambro-Ordovician sandstones are present and can 

provide excellent reservoirs, lower Silurian shales may act as effective potential source 

rocks, and structural traps seem to exist in seismically defined fault blocks (Lüning et al. 

2000a).  
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Figure 21. Recent CH exploration boreholes in the Al Kufrah Basin with the surface distribution of 

the outcropping Paleozoic successions and the basement along the basin margin. Compiled by Le 

Heron et al. 2013 after Wolf (1964), De Lestang (1965), IRC (1985), Klitzsch et al. (1987) and 

Meinhold et al. (2013). 
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Potential source rocks 

According to the geological similarities with the Murzuq Basin the main source rock 

candidates are a lower Silurian shale unit (Tanezzuft Formation) and the Infra-Cambrian 

sediments.   

Infra-Cambrian (late Precambrian-Early Cambrian): evidence for Infra-Cambrian 

strata comes from an outcrop rock unit at the north-eastern flank of Jabal Arkenu. In the 

map legend (IRC, 1985) the series are described as being composed of compact and 

crystalline limestones, meta-greywackes, conglomerates, siltstones and shales. The 

succession contains significant amounts of organic-rich shales and carbonates that give 

it a good source rock potential.In the Kufrah Basin, Infra-Cambrian grabens were 

interpreted from seismic sections and may reach thickness of 2600 m (Figure 22) Large 

scale faults and tilts were observed (Herzog, 2008). Yet, the Infra-Cambian succession 

in this region is poorly explored. 

 

 

Figure 22. Seismic section through the central Al Kufrah Basin, SE Libya showing a potential 

remnant Neoproterozoic–Early Cambrian basin below relatively flat-lying Paleozoic strata.(Craig, 

2010). 

Lower Silurian Tanezzuft Formation (with the “Hot shale”): the “Hot shale” is the 

most important Paleozoic hydrocarbon source rock in North Africa and Arabia. The 

outcrops of the Tanezzuft shales were mapped on the surface, and described in measured 

sections on the northeastern margin of the basin in Jabal Asbah (Lüning et al. 1999), on 

the northern one in Jabal Al Zalmah (Lüning et al. 1999) and on the western margin in 

Jabal Eghi (Le Heron et al. 2013).  In the Jabal Eghi the maximum measured thickness 

of the Tanezzuft Formation was 55 m. In the Jabal Asbah the exposed thickness was 14 

and 29 m. The Tanezzuft Formation in the above mentioned locations consists of shales, 

which are green, red and light grey at outcrop and intercalated wavy, rippled or 

hummocky cross-stratified light grey to reddish-brownish siltstone to fine sandstone 
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beds. The “hot shale” term reflects on the distinct positive peak in gamma ray log due to 

the uranium enrichment (> 10 ppm of U) related to higher total organic carbon content 

(Le Heron et al. 2013). The organic-rich shale deposited during the transgression 

following the retreat of the Hirnantian (late Ordovician) ice sheet. Its deposition took 

place in the paleo-depressions of the late Ordovician paleotopography and the incised 

glacial outwash valleys (Figure 23). 

 

Figure 23. Schematic cross-section to show typical architecture of the Ashgillian-Silurian sequence 

of southern Libya with typical well positions shown. (Clark-Lowes, 2008) 

In the two AGIP wells the lower Silurian shale was absent; the replacing sandstone-

siltstone successions could not be dated by palynomorphs (Grignani et al. 1991) so their 

age is unclear. This succession could deposit in delta environment. In two exploratory 

well A-1-171/4 (Statoil) and A-1-NC198 (RWE-Dea) the lower Silurian succession is 

reported as shale with 171 and 116 m thickness. Lüning and his research-fellows carried 

out studies on the cuttings samples of the latter well (A1-NC198) including palynology, 

chemostratigraphy, fluid inclusions, organic geochemistry and thermal maturity. 

According to the TOC results (0,21%-0,84%) and the low GR (Gamma Ray) values, up 

to 180 API, the typical “hot shale” is missing in this well. However high TOC content 

(up to 9%) was measured in the Carboniferous Al Zalmah Formation. Thermal maturity 

study was performed on the basis of spore coloration and vitrinite reflectance. Spore 

color indices indicate that the Silurian and Ordovician interval is late mature for oil 

generation. No vitrinite-like material was observed in the lower Paleozoic section 

(Lüning et al. 2010). 

Reservoirs 

Reservoir rocks of fair to excellent quality are available in most of the formations of 

the Al Kufrah Basin by the interpretations of the two AGIP wells, penetrating the early 

Mesozoic – Paleozoic basin filling (Seddiq 2004). 

 

 A1-NC- 43 B1-NC 43 

Formation Net sand 

(m) 

Average 

porosity (%) 

Net sand 

(m) 

Average 

porosity (%) 

Equivalent of Taouratine and 86 23,2 438 26,7 
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Messak Formations  

Equivalent of Zarzaitine Fm  137 19,8 66 21,1 

Eq. of Tiguentourine Fm 472 21,5 297 24,9 

Az Zalmah Formation n.p. n.p. 518 19,6 

Binem Formation 226 16,6 261 15,0 

Ouan Kasa Formation  119 13,7 74 11,9 

Tadrart Formation 51 19,6 65 11,0 

Akakus Fm 88 15,2 n.p. n.p. 

Cambrian and Ordovician Fms 667 12,9 498 11,0 

Porosity Cut Off: 8%     

Table 13. Average porosity data measured in the two AGIP wells (Seddiq 2004). 

Hydrocarbon traps 

By the seismic data both buried hills and tilted fault block structural traps could be 

identified in the Al Kufrah Basin. However the overlying Tanezzuft shales which onlap 

these paleohighs were maybe not thick enough to seal the Ordovician reservoirs, 

especially in the areas where large faults exists. Over some buried hills the Tanezzuft 

shales may be extremely thin or pinching out. Possible leakage might have opened 

migration pathway into the Devonian– Carboniferous sandstones. Thick Devonian and 

Carboniferous shale units can be effective seals. Maybe more promising can the 

Ordovician reservoir level be with structural traps, like tilted fault blocks, where the 

Tanezzuft shales can serve as better seal (Lüning et al. 2010).  

HYDROCARBON POTENTIAL OF THE WESTERN KUFRAH BASIN 

The lower Silurian “hot shale” has been identified in the Al Kufrah Basin in several 

outcrops by gamma ray spectrometry and AGIP’s shallow borehole (KW2) on the 

western flanks of the basin. It has been interpreted in seismic sections as well, based on 

strong amplitude and onlap geometries (Lüning et al. 1999). Despite the proven 

presence of the “hot shale”, it has not been penetrated in any of the wells drilled up to 

now, because these wells were drilled on positive structures, which could be paleo-highs 

in the early Silurian as well, while the patchy distribution of the hot shale is restricted to 

paleo-depressions.  

In the area of Hassi Nafou map sheet the results from the A1-NC43 wildcat drilling, 

as well, as the basin-models derived from seismic data aimed to explore the petroleum 

potential of the western flanks of the Kufrah Basin. The results showed that this area is 

situated amongst two possible locations of the hot shale, but not directly invold in a 

working petroleum system. 
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ENVIRONMENTAL GEOLOGY 

Due to the particular natural conditions and the low degree of population, the Sahara 

region and particularly the Kufrah Region represent an almost untouched but rather 

vulnerable environment. For this reason, during the mapping activity, special attention 

was paid to the environmental problems. 

PALAEOENVIRONMENTAL OBSERVATIONS 

 

The Kufrah Basin, including the Hassi Nafou map sheet now is one of driest area of 

the World. In the past, all of the Eastern Sahara was a flowering wetland with dense 

hydrographic network with lakes and swamps (Gaven et al. 1981) and with rich 

subtropical fauna. The observations about the isotopic composition of limestones, of the 

fossil waters and about the Quaternary marine deposits in the Red and Mediterranean 

Sea show five main periods of the „green Sahara” (i.e. Szabo et al. 1995, Larasoaňa et 

al. 2003). Among them the Pleistocene 30–35 ky, 20–24 ky and the Holocene 5–6 ky 

B.P. pluvial periods were observable in the mapping area.  

The actual image of the arid landscape had evolved gradually beginning in the IV. 

millennia B.C., and was populated by pasturing inhabitants, who slowly withdrew to the 

Nile valley from the desert (i.e. Parchur & Hoelzmann 2000). 

In the Hassi Nafu map sheet, evidences of the ancient „green” periods consist by (i) 

lacustrine carbonatic sediments; (ii) secondary minerals in outcropping rocks; (iii) 

warrior tools and other stone objects; (iv) fossilized soils. 

Lacustrine carbonatic sediments 

The Hassi Nafou map sheet, just like the whole Kufrah Basin, is generally a 

carbonate-poor region, where carbonates appear only as secondary infillings below 

amount of 1%. During the mapping of the sheet, only a few outcrops of carbonatic rocks 

were found. 

 

Figure 24. Limestone outcrop of WP.: 30170. 1=Silty sand; 2=carbonatic sand with limestone 

concretions; 3=Limestone; 4=Thin section; 5=Chemical sample 

The mapped and sampled limestone accumulations (Table 14) are situated on the 

western and southern parts of the mapping sheet in wp. No. 30110, 30112 and 30170. 

These are mostly small occurrences of sandy limestone and carbonatic sandstone with 
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concretions composing flat mounds on the recent and sub-recent base of erosion (Figure 

24).  

One exception is the Wp. 30176 on the plateau of Jabal Al Garandi, where a 3–10 cm 

thick carbonatic sand level of ancient lacustrine sediment was conserved with small 

concretions. 

In the thin section of the sandy limestone samples, the sand grains, 

together with probable ostracod shells, worm traces and rare carbonized 

plant remnants were preserved in a fine grained, coalescent carbonate 

matrix (  
Photo 35). The carbonate micrite probably originates from algal activity when the 

aquatic vegetal organisms decompose the soluble calcium hydro-carbonate, keep the 

CO2 for their own photosynthesis and precipitate calcium carbonate as fine, micron 

sized grains or flakes (Lipmann 1973). In lacustrine environment, the carbonate 

sedimentation gradually replaces the sedimentation of clastics (Bathurst 1975), although 

clastic material was always present amongst the calcareous particles in the observed 

samples. 

 
Wp. Sample No. Location Latitude (N) Longitude (E) 

30110 42 Petrified forest 23º 43' 54.3" 21º 5' 35.6" 

30112  Close to the dug well of Hassi 

Nafou 

23º 41' 42.5" 21º 7' 27.8" 

30170 99 S from J. Al Garandi 23º 5' 55.8" 21º 49' 54.4" 

30176 104 Jabal Garandi plateau 23º 23' 51.5" 21º 38' 7.7" 

Table 14. List of observation points with carbonate occurrences 

The stable C and O isotopes of sample No. 42 (WP.: 30110) were determined in the 

Geochemical Laboratory of Eötvös Loránd University, Budapest, obtaining the 

following values: δ13C= -0,8 (±0,1) 

δ18O= -0,9 (±0,09) 

δ18OSMOW= 21,7 
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Figure 25. Diagram of δ13C/ δ18O ratio for 

lacustrine limestone facies (after Szöőr et al. 

1992). I=marine carbonates; II=brackish 

carbonate deposits; III=hyper saline (sodic) lake 

deposits; 42=sample No. 

 

Photo 40. SEM photo of fine, micron sized 

carbonate grains, as micritic matrix in 

sample No. 42 

 

Plotting these values in diagram compiled by Szöőr et al. (1992), the sample No. 42 is 

situated in the field of continental limestone not too far from the field of spring water 

deposits on the diagram (Figure 25). The negative value of the isotope rate and the high 

rate of heavy oxygen isotope comparing with “salt mean ocean water” (SMOW) 

indicate a relatively warm water (22-30°C) and low-medium salt concentration. 

Carbonate accumulations may have formed also, (as sandy-silty sediment with 

concretions) in the C level of some alluvial soils and in eolian, loose type sediments. 

Secondary minerals in outcrops 

In thin sections, the spatial relation among the primer and secondary minerals (i.e. the 

time succession of them) can be observed. Therefore, if a certain secondary component 

of these rocks crosscuts all of the primary (sedimentological, diagenetic, tectonic) 

patterns, it is probable that it originated from hypergenetic (i.e. from pedological) 

processes. Thus, due to almost total denudation, in most cases, the small microscopic 

voids of the bare rock conserve the remnants of the last soil cover. 

 
Sample 

No. 
Secondary minerals Description Latitude (N) Longitude (E) 

43b Calcite Veinlets and pore fillings 23º 45' 21.1" 21º 13' 11.7" 

59 
Sericite +clay 

minerals 

0,1-0,3 mm nests + void 

fillings 
23º 58' 34.1" 22º 12' 37.7" 

90a Micritic carbonate Void and pore fillings 23º 41' 52.4" 21º 20' 13.1" 

95 Colloidal limonite Void fillings and pore liners 23º 28' 5.1" 21º 13' 22.4" 

102 Sericite Nests in silica cement 23º 17' 17" 21º 56' 24.8" 

124 Colloidal limonite Diffuse infillings 23º 33' 52.3" 21º 33' 26.9" 

153a Opal Fillings in drying cracks 23º 7' 18.1" 22º 22' 11.6" 

154 Micritic carbonate Pore fillings and liners 23º 10' 25.6" 22º 23' 42.3" 
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3274 Micritic carbonate Nests and pore fillings 23º 16' 42.2" 21º 57' 26.2" 

Table 15. Description of samples for thin section analysis of secondary minerals 

Knowing the standard soil profiles in the region (Chesworth 2008) and the main 

tendencies of ion and colloid movement in it, these „relics” reconstitute the ancient soil 

cover as following: 

1. Acidic, wet (humid) soils with descendent iron hydroxide colloids. 

2. Neutral, porous, seasonal soil cover, with descendent (illuvial) migration of clay 

minerals. 

3. Basic, relatively cold climatic soils in which the carbonate, resulted by dry 

decomposition of vegetal remnants, forms loess-type accumulations, concretions 

and infillings. 

Due to the lack of isotopic age measurements, dating these pedoclimatic episodes is 

not possible. 

Ancient soils 

In the geologic and historic past, the now arid region of the Eastern Sahara was 

repeatedly home for savanna type grassland, deciduous forest region and large wetlands, 

each with specific soil cover. Now only small remnants of these soil profiles were 

conserved, mainly in the larger wadibeds as less extended terrace levels (i.e. on wp. 

30162 see Figure 26). 

 

 

Figure 26. Location of sand and old soil 

samples No. 94 (wp. 30162, Lat.: N 23º 30' 

4.5", Lon. E 21º 27' 5.3"). 1=Light grey, 

fine grained, hard, stratified sandstone; 

2=Reddish grey, hardened slightly silty 

sand; 3=Red, hardened sand with thin root 

traces and rare carbonized plant 

fragments; 4=Boulders; 

 

 

Outcrops of palaeosoil sections 

were observed on several locations (see Table 16), and two ones were analyzed in 

details: sample No. 92, from the eastern border of Jabal Garandi plateau, which consist 

of brown and red, variegated clayey 

sand with white films and hexagonal 

drying cracks, and the sample No. 94b, 

taken from the right side of Wadi 

Ashwar. The latter is red, stratified, 

hardened, coarse-medium grained, 

slightly silty sandy soil with rare, 

carbonized plant fragments. The soil 

analyses were based on the grain size, 

the bio- and geochemical analysis of 

 

Photo 41. Remnants of palaeosoil as an eroding 

terrace level on wp. 40009 
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the samples, and included the determination of the necessary water amount for self 

deformation (compulsory index). Due to low content of silty and clayey fractions, the 

compulsory index for both samples is very small and, consequently, the changeable ions, 

except for Ca. Since carbonates are missing, the Ca is present probably as components 

of sulphates. The relatively high P2O5 and N contents don’t correlate with the negligible 

humus traces (<0.22%), suggest that these elements were accumulated in an ancient, 

normal (sandy) soil. Now in this soil only the traces of the roots were conserved 

according to the sample No. 94b. The amount of the trace elements (650–750 mg/kg) 

and the high K content may be interpreted similarly: in the older sample No. 92, the less 

soluble iron, phosphor and carbonate were retained together with the loss of nitrogen. 

 
Wp. Sample No. Latitude (N) Longitude (E) 

30159 92 23º 29' 37.5" 21º 26' 17" 

30162 94b 23º 30' 4.5" 21º 27' 5.3" 

30176 100 23º 23' 51.5" 21º 38' 7.7" 

10024 114 23º 41' 28.1" 21º 25' 6.5" 

10129 117 23º 28' 13.8" 21º 17' 5.1" 

40009 125 23º 39' 18.2" 21º 52' 8.6" 

Table 16. Location of soil samples on the Hassi Nafou sheet 

These remnants of a more extended soil level in the (geological) past belonged to 

various pedological types. The desertification had uniformed them by intensive 

oxidation of organic matter, by concentration of salts and by dehydration of iron, 

aluminum and silica colloids (Atkinson and Waugh 1979). 

 

Neolithic tools 

On the middle-northwestern part of the Hassi Nafou map sheet, various stone tools 

were found belonging to the Levallois culture on many sites. In waypoints No. 30108, 

30110, 30170 warrior tools, while in waypoint 30159, 30176 and 40002 warrior tools 

and grinding mill-stones were found (Photo 42).  

 

 

Photo 42. Chipped warrior tools on wp. 40002 

(Lat. N 23º39'9.6"; Long. E 21º22'0.6") 

 

Photo 43. Grinding mill-stone found on wp. 

40002 (Lat. N 23º39'9.6"; Long. E 21º22'0.6") 
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The collection of the wp. 30110 represent seven pieces and were observed by Markó 

(2009). The seven tools of sample 41wear traces of desert gloss only on one side of the 

artifact which was most probably the upward facing part of the tool before the 

sedimentation and considering an undisturbed position, at the time of the collecting, too. 

This assemblage on technological ground can be sorted into a Levallois industry 

containing hand axes. 

The Levallois technique represent an important deal in stone industry, the so called 

blade technology (Bar Yosef and Kuhn, 1994) which was dated at 25 kybp. (Rolland, 

1995). In this period, in all of actual Eastern Sahara, a dense vegetation with rich 

herbivorous fauna were present offering optimal condition for the hunting human 

population. 

In Hassi Nafou sheet, a lot of domestic stone tools as hand stones, whole and crushed, 

elliptical grinding mill-stone (Photo 43) was found. 

OBSERVATIONS OF THE ACTUAL ENVIRONMENT 

 

The Hassi Nafou mapping sheet area is free of industrial, agricultural activity, or 

populated dwellings. The single site, where for a short time a settlement was founded is 

around the dug well of Hassi Nafou (Lat. N 23º 39' 31.9"; Long. E 21º 7' 22.9" , Photo 

44), but was abandoned after a short time.  

Here, in the well the groundwater level is at 10-14m depth. The subsurface water 

exploration of the GMR (Great Man-made River) Project drilled a well (SKD-26) in this 

site also (Photo 45). Now days, only the ruins of the buildings and the containers of the 

drilling projects reside, with a surprisingly significant amount of litter around the site. 

The human presence is an environmental risk factor along the main track between 

Kufrah and Chad. Here, even the weak traffic (weekly 1-2 trucks in winter time) which 

passes through the desert can cause environmental impacts. 

 

 

Photo 44. Dug well of Hassi Nafou  

(Lat. 23º39'31.9" N; Long. 21º7'22.9" E) 

 

Photo 45. Abandoned drilling site next to the 

dug-well of Hassi Nafou  

(Lat. 23º39'31.9" N; Long. 21º7'22.9" E) 

The background values of heavy and toxic elements can represent the vulnerability of 

an area. In order to describe these features of the geological background on the Hassi 

Nafou map sheet, ICP-OMS analyses was executed on several rock samples. The result 
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may be considered as an absolute background condition, which depends only on the 

geological (natural) features. The toxic heavy metal content of samples and the limit 

values prescribed in Hungarian legal regulations (No. 10/2000) are presented in the 

(Table 17). 

The concentrations of these elements are far below the pollution limit for Co, Cu, Mo, 

Ni, Pb and Zn. The barium (Ba) content of the sample No. 86, the cadmium (Cd) content 

of the sample No 93 and 101 highly exceeds, and the arsenic (As) content of the sample 

No. 93 passes the European pollution limit. The European background values for the 

chrome (Cr) were exceeded in samples 56, 93 and 101. The barium rich sample was 

collected from the remnants of hydrothermal lake sediments (limno-quartzite), thus the 

high barium content is understandable. The arsine and cadmium rich samples were 

collected from the duricrusts of Jabal Garandi where the concentration of these toxic 

elements could have gradually increased during several arid-humid climatic cycles. 

The protection of living and lifeless nature is the responsibility of all people who live 

or travel on this region of the Libyan Desert. Although the arid environment seems to be 

lifeless for an inattentive traveler, signs of crawling insects, snakes, lizards, flying birds, 

footprints of animals and bone pieces around the hawk, raven or owl nests are the proofs 

of a rich ecosystem. Spectacular wind carved stone objects and Neolithic tools also need 

protection in order to preserve them for the oncoming generations. Nowadays, with the 

increasing tendency of desert tourism, it is extremely necessary to protect the living and 

the lifeless values of the desert, including the area of the Hassi Nafou mapping sheet. 

 

Main 

elements 

Concentration in samples [mg/kg] 
Standard 

limits* 

56 59 86 91/a 93 101 118 124 A B 

As 1.1 1.2 1.2 <0.3 16.4 8.1 <0.3 <0.3 10 15 

Ba 28.0 13.0 412.0 5.0 46.0 7.0 4.0 26.0 150 250 

Cd 1.0 <0.3 <0,3 0.4 10.5 3.4 <0.3 <0.3 0.5 1 

Co 2.5 <0.3 2.5 0.8 3.4 2.5 0.6 <0.3 15 30 

Cr 46.0 1.8 10.8 18.4 55.3 42.2 <0.3 1.9 30 75 

Cu <0.3 <0.3 <0,3 <0.3 <0.3 <0.3 <0.3 <0.3 30 75 

Mo <1 <1 <1 <1 1.0 2.0 <1 <1 3 7 

Ni <1 <1 <1 <1 <1 <1 <1 <1 25 40 

Pb 3.0 <3 <3 <3 20.0 9.0 <3 <3 25 100 

Zn 11.8 <0.3 2.1 <0.3 26.3 8.1 <0.3 8.1 100 200 

* A=background values; B=pollution limits 

Table 17. ICP-OMS values of main elements for the Hassi Nafou sheet, with comparison of 

standards (No. 10/2000) 
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HYDROGEOLOGY 

The presence or lack of water in this area had always formed the surface since 

sediments had been deposited first in the Infra-Cambrian, but the last phase of this 

perpetual change was characterized by the shifting climatic conditions in the 

Quaternary. As well observable this process is on the surface, as hideous it is in the 

subsurface. 

The hydrogeology of the Al Kufrah Basin is mostly characterized by the general 

settings of the Nubian Sandstone Aquifer and is discussed in detail in several studies 

(i.e. Ambroggi 1966, Klitzsch et al. 1979, Klitzsch & Lejal-Nicol 1984, Klitzsch & 

Squyres 1990, Thorweihe 1990, Meissner & Wycisk 1993, and CEDARE 2001). 

The Nubian Sandstone Aquifer System (NSAS) is the world’s largest fossil aquifer 

system, identified as the future source of water for Chad, Egypt, Libyan Arab Jamahiria 

and Sudan. NSAS covers a land area over two million km2 – including north-western 

Sudan, north-eastern Chad, south-eastern Libya and most of Egypt containing an 

estimated 150000 km3-of groundwater (NSAS 2006). From the total amount of 2175838 

km2 of the NSAS 754088 km2 is found on the territories of Libya (). Recently, the Great 

Man-made River Project (GMMR) in Libya began extracting substantial amounts of 

water from this aquifer removing an estimated 2.37 km3 per year (CEDARE 2001) . 

There are two aquifer systems to be considered under the term NSAS, the Nubian 

Aquifer System (NAS) and the Post Nubian Aquifer System (PNAS). The NAS 

(extended over Egypt, Eastern Libya, Northern Sudan and Northern Chad) consists of 

clastic sediments (mainly sandstone) forming aquifers, confining layers and aquicludes 

and is of Cambrian to Cenomanian age. It overlies the Precambrian basement complex. 

The PNAS extends over North Eastern Libya and the northern region of the Western 

Desert in Egypt. It is represented by marine sediments (mainly clay, marl and limestone)  

overlain by clastic sediments. The age of the PNAS ranges from Upper Cenomanian to 

recent. 

The two parts (NAS and PNAS) are separated by low permeability layers of Upper 

Cretaceous to Lower Tertiary (NSAS 2006). The contact between the two parts is 

characterized by local discordances with open windows between the sedimentary 

sequences and reduced thickness of the Upper Cretaceous-Lower Tertiary deposits 

which facilitates a direct connection between the two aquifer systems. In the northern 

part, the aquifer system becomes very saline. South of 26°N, the aquifer is unconfined. 

The studied area in the Kufrah Basin is situated over the Nubian Aquifer System 

(NAS). The current groundwater extraction is approximately ten times the maximum of 

the present recharge for this aquifer, and it’s increasing. Even if the internal flux from 

the adjacent areas (i.e. the Ennedi Mts. in Sudan) of the same aquifer is considered as a 

recharge, the water of the NSAS will be depleted sooner or later. 
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THE ORIGIN OF THE GROUNDWATER 

The origin of the vast amount of water of the Nubian Aquifer System in northeast 

Africa has been under controversial discussion among hydro-geologists, it is agreed, 

however, that it had mainly accumulated during the fluviatile periods of the Quaternary. 

Isotopic studies of NSAS had revealed that while the territory of PNAS show high 

values of stable Oxigene-18, which indicate recently recharged surface water or mixing 

between surface and old groundwater, the NAS is depleted of O-18 isotopes, suggesting 

that fossil water is prevails in it (NSAS 2006). Depletion of the heavy O-18 isotope 

content of precipitation during the glacial periods was a widespread phenomenon and 

was not only confined to medium and high latitudes. The recharged water in the Sahara 

during the humid periods of Quaternary, for instance, is systematically depleted in heavy 

isotopes, as compared to modern precipitation (Rozanski 1985, Rozanski et al. 1993, 

Zuppia & Sacchi 2004). 

The oxygen-18 and deuterium content of the deep aquifer indicates that Kufra 

groundwater was recharged during much cooler climatic conditions (Swailem et al. 

1983). The radiocarbon (14C) is the most powerful in studying recharge and flow of 

groundwater within a time scale up to about 40 kybp. A vertical gradient of 14C can be 

interpreted in terms of present and past recharge, and a 14C gradient in groundwater flow 

direction can be used to estimate the groundwater flow rate. 

The samples representing the shallow and deep aquifers in the Kufrah area yielded 

ages ranging from 25,600 to 37,500 years BP indicating old groundwater recharge 

probably during the Late Pleistocene (Swailem et al. 1983). 

 Systematic trend between 14C and depth in the NAS was not observed, which 

suggests that the samples represent mixtures between portions from different depths. 

Assuming unconfined conditions with local recharge during pluvial phases, the average 

(long-term) recharge rate (R) can be estimated by the relationship:  

T

H
pR   

where p = porosity, T = 14C age, H = thickness of the aquifer (depth of the well). 

Assuming a depths between 500 and 1000 m and a porosity of 10%, a 14C age of >20 ka. 

would correspond with a recharge rate of < 2.5mm/a (H = 500 m) or twice this value if 

H = 1000 m is assumed (NSAS 2006). 

Between Kufrah in the NAS and Sarir in the PNAS, only a slight change has been 

found in the 14C concentration of groundwater at comparable depths (Edmunds & 

Wright 1979, NSAS 2006).  

Considering a groundwater velocity in the order of magnitude of 1 m/a, a groundwater 

parcel would need 100 ka. for a flow path length of 100 km. Thus, the age of a major 

part of the groundwater within the NSAS can assumed to be far beyond the upper limit 

of the 14C dating range. Therefore, more recently, some attempts have been made to use 

radio isotopes with half lives in the order of more than 100 ka (in particular 234U/238U, 
36Cl and 81Kr). In the Egyptian, part of the NAS (Bahariya) Patterson et al. (2005), 

determined a 36Cl age of more than 500,000 years, while Sturchio et al. (2004) 

determined 81Kr groundwater ages ranging from about 200 to 1000 ka on different 
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locations in Egypt which suggest that the age of the NAS water is much older than the 

detection limit of 14C. 

 

 

Figure 27. The outlines and the subsurface flow directions of NSAS (Salem & Pallas 2001) 

In the same study area, the radioactive chlorine isotope 36Cl, the stable chlorine 

isotopes and radiogenic noble gases (4He and 40Ar) were measured (Patterson et al. 
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2005) to determine the residence time (age) of groundwater in the Nubian Aquifer of the 

Western Desert in Egypt and to complement the 81Kr/Kr application (Sturchio et al. 

2004). From the 36Cl/Cl ratios apparent residence times were derived for deep 

groundwater (600 to 1200 m) assuming constant chloride concentration. The obtained 

values range from about 200 to 1200 ka.  

For shallow groundwater (<600 m) with higher chloride values, the estimated 

groundwater age has been found to be about 160 ka. 

HYDROGEOLOGICAL MODELLING 

 

All of the studies until the beginning of the 1980s (i.e. Sandford 1935; Hellström 

1939; Ezzat 1974; Amer et al. 1981) have concluded that this aquifer has been under 

steadystate conditions before 1960, when the extraction started. Groundwater flow is 

driven from areas with precipitation which is sufficient for groundwater recharge. The 

recent studies (i.e. Heinl & Thorweihe 1993; Ebraheem et al. 2002) considered that this 

aquifer has been in an unsteady state condition for thousands of years before the recent 

extraction and the climatic changes including wet periods supplied enough precipitation 

to suffice for local groundwater formation. 

A three-dimensional GIS-based groundwater flow model for the Nubian Sandstone 

Aquifer in the eastern Sahara was developed and calibrated under steady-state and 

transient conditions (Gossel et al. 2004). The model was used to simulate the response 

of the aquifer to climatic changes that occurred during the last 25,000 years. The 

simulation results indicated that the groundwater in this aquifer was formed by 

infiltration during the wet periods 20,000 and 5,000 years B.P. It also indicates that the 

Nubian Aquifer System is a fossil aquifer which had been in an unsteady state condition 

for the last 3,000 years, due to lack of recharge. 

RECHARGE CONDITIONS 

 

The prevailing climate is extremely arid. The annual rainfall in the Al Kufrah Basin is 

below 3mm therefore surface recharge to the aquifer is negligible. Over the Tibesti 

mountains slightly higher precipitation may occur above 1000m (a.m.s.l.) and could 

produce exceptional runoff sufficient to recharge the Paleozoic sandstones outcropping 

along the foot of the Tibesti. In this area, it is possible that the average rainfall reaches 

25 to 40 mm/year. The only information available concerns the village of Zoua located 

in Chad, on the southern flank of the Tibesti Mountains at approximately 900m (a.m.s.l.) 

where an average rainfall of 31 mm/year has been recorded by 6 years of observations. 

The quantity of water involved in this recharge, however, would certainly not exceed a 

few million m3/year. More likely, it evaporates before recharging the aquifers. 

The general trend of the regional groundwater flow is from South to North (Figure 

27). The groundwater flow is primarily attributed to the slow emptying of this enormous 

reservoir filled up by the rainfall of the Quaternary pluvial periods and the inflow from 

the South (Chad and mostly from Sudan). 
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LOCAL HYDROGEOLOGY 

In the Hassi Nafou map sheet, the natural hydrological conditions on the surface 

depend strictly on the rare rainfalls since permanent water do not exist on this area. The 

periodic streams form valleys (wadi) and rarely contain plants bigger than shrubs even 

in the “wet” periods of the year. The total length of these periodic streams exceeds 600 

km (derived from the topographic maps), and the longest watercourse exceeds 20 km in 

length. These data suggest that the water (besides the wind) plays and played significant 

role in the surface-forming activity on this area in the near past despite of the arid 

climate. 

 
Object Latitude (N) Longitude (E) Description 

PZ-10-M 23º 30' 10.6" 22º 6' 1" Exploratory water well 

PZ-2-D 23º 20' 0.9" 22º 19' 7.1" Exploratory water well 

PZ-3-D 23º 54' 34.1" 22º 26' 37.7" Exploratory water well 

PZ-4-M 23º 33' 0.2" 22º 28' 0.3" Exploratory water well 

PZ-6-M 23º 6' 10.9" 22º 23' 16" Exploratory water well 

SKD-26 23º 37' 29.6" 21º 0' 40" Exploratory water well 

A1-NC43 23º 58' 26.5" 22º 1' 58" Exploratory oil well 

Hassi Nafou 23º 39' 30.6" 21º 1' 15.7" Water dug well 

Garandi 23º 23' 27.8" 21º 22' 25.2" Water dug well 

Table 19. Artificial objects concerning the groundwater on the Hassi Nafou map sheet 

Artificial water sources are the dug-wells and the exploratory wells (Table 19). The 

Hassi Nafou map sheet was partly studied and drilled in the Great Manmade River 

(GMR) Project to look for possible location of new well-fields. The data of the 

exploratory wells was provided by the General Water Authority of Libya (GWA). 

The water produced by the wells is of excellent chemical quality, with TDS ranging 

from 82 to 162 ppm (Table 20). 

 
Analysis PZ-2-D PZ-3-D PZ-6-M Analysis PZ-2-D PZ-3-D PZ-6-M 

pH 7,33 6,77 6,32 Ni ppm 0,01   

TDS ppm 162,00 158,00 82,32 Zn ppm 0,37  0,18 

Cond. Μs 209,00 226,00 117,60 Mn ppm 0,20  0,30 

Ca ppm 16,00 34,00 6,40 Al ppm 0,78   

Mg ppm 7,68 3,60 6,72 Cd ppm   tr 

Na ppm 11,00 10,00 5,00 Ba ppm 0,22   

K ppm 20,50 22,50 5,50 PO4 ppm 12,00 9,90 0,70 

Fe ppm 0,61  1,18 S ppm 0,07 0,26 0,09 

Mn ppm 0,19  0,30     

SiO2 ppm 3,26 3,26 3,88     

HCO3 ppm 61,00 122,00 30,50     

SO4 ppm 50,00 41,97 20,00     

Cl ppm 14,00 7,50 11,99     

B ppm 2,05 0,34 0,55     

NO3 ppm 0,15 0,13 0,14     

Table 20. Chemical conditions of the groundwater in the exploratory water wells (GWA 2005) 
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CONCLUSIONS 

The basic concept laid on the geological simplicity and good accessibility of the area. 

Though the first approach was wrong since neither the geology nor the accessibility in 

this area was as simple as anticipated, the achievements of the project were remarkable. 

The tight schedules of the field seasons made it necessary to move on quickly from 

observation point to observation points but the enormity of the area, which was visited 

during this short time, led to develop a general overview of the geological features in 

this area quite quickly. Important observations were made in connection with the 

Cenozoic evolution of the Kufrah Basin, and the geographical position of the 

outcropping stratigraphic units had almost entirely been re-drawn. 

Based on observations and the available data a general geological overview of the 

Hassi Nafou sheet revealed that the Jabal Garandi, which morphologically rules the 

mapping sheet, is probably a residuum of a Cenozoic erosion surface which developed 

above a small depression. 

The Permo-Mesozoic sedimentary succession was revised and two new stratigraphic 

units, the Permo-Triassic Qarat al Hamra Formation and the Upper Cretaceous Al Jawf 

Formation were introduced. The siliciclastic sedimentary succession represents a very 

long time interval on this area. Although the succession of clastic sediments of this time 

interval is not always suitable for further division due to the lithological similarity, four 

distinguishable sequences were described within the whole section, based on field 

observations and the boer-logs of the AGIP and GWA wells. These are the followings: 

the lower and upper unit of the Quarat Al Hamra Formation, the El Burg Formation and 

the Al Jawf Formation. 

The age of each lithological unit in the outcrops of the Mesozoic succession was 

determined due to stratigraphic position because relevant fossils were not recorded. For 

exact chronological data, a detailed paleontological survey is needed. 

The quality of kaolinitc sandstones at the western side of Jabal Garandi were 

acceptable for a follow-up exploration, but the lack of roads and dwellings in the region 

suggest against it. 
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