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Abstract: Field-based investigation of “Infracambrian” rocks cropping out at the eastern flank of Al Kufrah Basin 

(area 500,000 km2) reveals a ~500 m thick clastic succession of massive and cross bedded sandstones, separated by 

60 m thick mudrock intervals.  New zircon age data indicate a maximum age of deposition of c. 950 Ma; 

furthermore the absence of zircons of Pan-African age suggests a minimum depositional age older than the Pan-

African Orogeny. Previously unreported folding and spaced cleavage affects these deposits to produce a pronounced 

NE-SW striking tectonic grain that is interpreted to result from NW-SE directed orthogonal compression during the 

Panafrican Orogeny. These Infracambrian rocks are therefore unlikely to be suitable analogues for weakly deformed 

strata shown to exist beneath the Cambro-Ordovician strata of the Al Kufrah Basin.  Earlier work mapped a series of 

Infracambrian marble outcrops along strike of the clastic deposits; thin section petrography reveals that some of 

these are basic igneous rocks metamorphosed to greenschist facies. Interpretation of gravity data over Al Kufrah 

Basin shows NE-SW striking faults, parallel to outcrop structures, and secondary NW-SE faults. The data do not 

support earlier interpretations of a rhomboidal geometry in the deep subsurface of the basin, which has previously 

been attributed to strike-slip (pull apart) processes. This research impacts on earlier suggestions that Al Kufrah 
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Basin opened as one of a series of en echelon pull apart basins situated along a 6000 km long shear zone known as 

the Transafrican Lineament, stretching from the Nile to the Niger Delta.  
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This paper provides a detailed description and interpretation of an “Infracambrian” clastic 

succession that crops out in the eastern Libyan Sahara (Fig. 1). A full investigation of these rocks 

is especially important because they are the oldest mapped (non-crystalline) stratigraphic unit in 

the region (Saïd et al., 2000) and hence also have the potential to provide insights into the origins 

of the huge (500,000 km2) Al Kufrah Basin which straddles SE Libya, northern Chad, 

easternmost Egypt and part of northern Sudan (Fig. 1). This sedimentary basin is filled with a 

predominantly clastic succession of Infracambrian- Cenozoic age (Fig. 2) reaching up to 4 km 

thick in the basin centre (Bellini and Massa, 1980). The study of Infracambrian rocks at the 

flanks of Al Kufrah Basin also has a strong economic incentive. At the time of writing (2007), 

the region is undergoing intense hydrocarbon exploration, and the major risk is that a viable and 

mature hydrocarbon source rock has not yet been shown to be present in the basin centre. 

Published data are extremely few and restricted to proprietary, unpublished seismic lines, two 

deep exploration wells in the north of the basin, relatively low resolution aeromagnetic studies 

(Bellini et al., 1991) and scattered outcrop observations (e.g. Lüning et al., 1999).  

Regional cross sections across the basin (Bellini and Massa, 1980) indicate that any 

candidate source rocks, principally Late Devonian, within the post-Silurian succession are 

currently buried to only ~1 km (Bellini et al., 1991). Therefore, these younger rocks may never 

have entered the oil window, in contrast to Late Devonian organic-rich shales elsewhere in North 

Africa (Lüning et al., 2003). Consequently, papers evaluating the source rock potential of Al 

Kufrah Basin have stressed the importance of exploring intervals of Early Silurian and 

“Infracambrian” age (Lüning et al., 1999) (Fig. 2), because shale of this age is most likely to be 

sufficiently buried to have reached thermal maturity for oil generation in the basin centre. 

Investigation, and reinterpretation, of outcrops at Jabel Arkenu, at the eastern basin margins (Fig. 

1), might be expected to provide critical new information on elements of potential 

“Infracambrian” petroleum system. 
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This article presents new outcrop data and new interpretations for rocks of supposed 

“Infracambrian” age in Al Kufrah Basin, and considers them in several contexts, namely 1) their 

sedimentology and structural history, 2) constraints on their age, 3) their validity as analogues to 

depocentres in the deep basin subsurface and 4) their relationship to continent-scale shear zones 

previously interpreted to traverse North Africa. The data are from the Jabel Arkenu region, at the 

south-eastern flank of the basin. “Infracambrian” rocks also crop out at Jabel Eghei/ Jabel Duhūn 

at the western basin margins, but this area may be landmined and is thus inaccessible for field 

research. In this contribution, the term “Infracambrian” is loosely applied to sediments of ill 

defined age, younger than the latest phase of deformation to affect Proterozoic basement, and 

older than those Cambrian strata that can be reliably dated using biostratigraphy. Therefore, the 

term has both lithostratigraphic significance (Infracambrian rocks) as well as chronostratigraphic 

implications (e.g., “during the Infracambrian”). Consequently, sediments of “Infracambrian” age 

could have been deposited at any time during the Neoproterozoic and the Cambrian (Fig. 2).  

 

Geological overview of Al Kufrah Basin and surrounding region 

Al Kufrah Basin is regarded as a classic sag basin with a fill of Infracambrian to Cenozoic age 

(Hallett, 2002). Its present form is the result of multiple geo-tectonic events from Neoproterozoic 

times onward. During the Neoproterozoic, the present African landmass was formed during the 

Panafrican Orogeny, a collisional event spanning 200 Myr from ~700-500 Ma (Unrug et al., 

1996). This mountain building event is temporally ill-constrained. In the Taoudeni Basin of West 

Africa, where a succession comprising pre, syn and post Pan-African age sediments is preserved 

(Lottaroli et al., this volume), Culver and Hunt (1991) recognised a Pan-African I orogeny at 

~665-655 Ma, separated by Marinoan glaciation at 630-610 Ma (Destombes et al., 2006), and a 

second phase of uplift in a Pan African II orogeny at ~560-550 Ma. However, from his studies of 
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the Mauritinides fold belt, Villeneuve (2005) disputes the timing of this latter phase of uplift, 

preferring an envelope of ~550-500 Ma (i.e. into the Furongian). 

Regardless of the exact timing of uplift, Neoproterozoic- Cambrian orogenic processes 

appear to have juxtaposed the Congo-Nile Craton, East Saharan Craton and Touareg Shield 

(Unrug et al., 1996). During deformation, crystalline shields behaved rigidly, and softer 

Precambrian sediments around the craton margins were metamorphosed to greenschist facies 

within “mobile belts” of deformation (Unrug et al., 1996). Al Kufrah Basin itself is underlain by 

the Congo-Nile Craton (Vail, 1991). During the assembly of Africa, it has been suggested that 

relative movement of the Congo-Nile Craton past the Toureg Shield and East Saharan Craton 

was accommodated by a large-scale, dextral shear zone (Unrug et al., 1996). Large parts of the 

Panafrican orogen are thought to have collapsed gravitationally, forming pull-apart basins as a 

large component of shear movement jostled the newly assembled continental blocks (Craig et al., 

in press). 

 In Al Kufrah Basin, Cambrian through Ordovician times were characterised by minimal 

tectonic activity and the deposition of fluvial and shallow marine sandstones, and shales during 

rare transgressions (Bellini et al., 1991) (Fig. 2). However, there is significant but understated 

evidence for regional tectonic activity in the North Africa and Arabian region during the Early 

Palaeozoic, including Cambrian horst and graben development over southern Morocco (Piqué et 

al., 2001), mid-Ordovician tilting in the southern Arabian plate (Oterdoom et al., 1999) in 

response to rifting (Husseini, 1990), and a significant (100 Myr long) hiatus in the southern Al 

Kufrah Basin, between the Cambrian and Late Ordovician (Bellini et al., 1991). This regional 

evidence for Early Palaeozoic tectonic activity across North Africa was recognised early on by 

Klitzsch (1971) who identified long (>1000 km) NW-SE striking structures forming horst and 

graben, such as the Kalanshiyu-Awaynat Uplift skirting the field area described in this paper. 
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These structures, Klitzsch (2000) postulated, were long-lived palaeohighs and depocentres 

throughout the Early Palaeozoic. 

By the Late Ordovician, continent-scale ice sheets grew across North Africa, depositing 

glaciogenic sandstones, which record evidence for soft-sediment striation, folding and thrusting 

of the substrate by subglacial processes (Le Heron et al., 2005) (Fig. 2). These glaciogenic 

sandstones form the principal reservoir unit in the Murzuq Basin to the west (Hallett, 2002) and 

are expected to be of equal economic importance in Al Kufrah Basin. During a major marine 

transgression, associated with melting Late Ordovician ice masses, Early Silurian marine shale of 

the Tannezuft Formation was deposited (Fig. 2). The lowermost shales of this formation have 

been suggested to account for some 90% of North Africa’s Palaeozoic derived hydrocarbons 

(Lüning et al., 2000). Regional progradation resulted in deposition of stacked shallow marine 

parasequences of the Acacus Formation during the Mid-Late Silurian. Regionally, these 

parasequences are organised into a major third order regressive system, which culminated in 

predominantly braided fluvial deposition by the earliest Devonian. Although marine deposits do 

occur within the Devonian to Carboniferous succession of Al Kufrah Basin (Turner, 1991), it is 

unclear whether any organic-rich intervals have been buried to sufficient depths to become 

viable source rock intervals.  

The southeastern flank of Al Kufrah Basin has been magmatically active at several times 

during the Phanerozoic, implying a long-lived source of heat in this region. Large acid (broadly 

granitic) intrusions were formed during the Cambrian (Jabel Babein), Devonian, and Eocene 

(c.44-39 Myr BP: Bellini et al., 1991 and refs. therein). In this paper, field data are presented 

from the flanks of Jabel Arkenu (Fig. 1), an Eocene ring complex comprising phonolitic, 

trachytic, syenitic and granitiferous materials of both intrusive and extrusive affinity (Saïd et al., 

2000). In the eastern Sahara, the absence of obvious plate boundaries rules out an island arc-type 
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origin for these acid igneous materials, and thus the Jabel Arkenu region can be interpreted as an 

intraplate hotspot (Saïd et al., 2000). 

 

Sedimentology of Infracambrian rocks 

Observations 

At the eastern flank of Al Kufrah Basin, a sedimentary succession of presumed Infracambrian 

age (Saïd et al., 2000) crops out discontinuously for ~45 km along the eastern side of Jabel 

Arkenu igneous complex. It is best exposed immediately south of this intrusion (Fig. 1). These 

rocks comprise the steeply dipping Arkenu Formation (Fig. 3 A), iron-bearing quartzite (Fig. 3 

B), and “Infracambrian marbles” of previous authors (Lüning et al., 1999; Saïd et al., 2000) in 

the northernmost part of the outcrop belt. In general, rocks of the Arkenu Formation are 

moderately silicified and recrystallised to a low metamorphic grade. Saïd et al. (2000) estimated 

that the Arkenu Formation was 127.5 m thick and largely undeformed, and although the true 

thickness of this succession cannot be properly established due to deformation (see below), we 

estimate its thickness to be greater at ~500 m. For these reasons, we do not present a sedimentary 

log of these rocks in this paper. 

The Arkenu Formation comprises slightly recrystallised, interbedded sandstones, rare 

conglomerates, and mudrocks. Sandstones are buff yellow, fine grained and medium-bedded, 

often structureless and stacked in uninterrupted units at least 10-15 m thick (Fig. 3 C). Within 

these sandstones, sedimentary structures include both tabular cross-beds (Fig. 3 D) and possible 

ripple cross-lamination. Way up cannot be determined from these sedimentary structures. The 

mudrocks form thick accumulations (at least 60 m) and comprise maroon, lilac and dark grey 

silty shale. Subtle changes in grain size between beds include variations in silt content, reflected 

in the weathering pattern of the mudrocks where silty laminae stand proud of more clay-rich 

horizons (Fig. 3 E). A single conglomerate horizon was observed on the eastern side of the 
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exposure. The grain size of this conglomerate is variable with both pebbly (Fig. 3 F) and 

granular clasts set within a sandstone matrix. These examples weathered out in situ and are not 

related to any obvious channel topography. Pebbles are well rounded with a maroon colouration. 

In thin section, the pebbles are shown to be metamorphosed quartz arenitic sandstones, 

comprising quartz grains with undulose extinction and sutured contacts (Fig. 3 G). By 

comparison, the sandy matrix of the conglomerate shows some later quartz overgrowth but 

sutured contacts are few. 

 

Interpretation 

A full reconstruction of the depositional environment of the Arkenu Formation is restricted by 1) 

our inability to determine the correct way up and hence document both the context and nature of 

facies changes, and 2) to accurately document the thickness of the formation owing to possible 

stratigraphic repetition (see description of deformation structures below). The thick, 

uninterrupted units of medium bedded, fine-grained sandstone indicate repeated deposition and 

reworking of sandstone in a moderate to high energy sedimentary environment. The general 

paucity of sedimentary structures suggests that the sediment surface was largely flat, although 

tabular cross-bedded sandstones are testament to the action of traction currents and the migration 

of straight crested bars across the sediment surface. As mudrocks are organised into 60 m thick 

units, rather than punctuating the sandstone at intervals, a significant switch in depositional 

process is implied to explain the loss of the sand fraction and a transition to a mud fallout-

dominated setting. The alternation of clay-prone and silty horizons within these mudrocks 

appeals to a possible distal turbidity current mechanism to account for grains in the >63 μm 

fraction. The local preservation of conglomerates within the Arkenu Formation suggests a 

dramatic, temporary increase in energy within the depositional system. The distinct difference in 

grain on grain contacts between the matrix and the pebbles (namely the evidence for 
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metamorphism in the latter: Fig. 3 G) clearly indicates an extrabasinal source for some of the 

clasts. 

Assuming that an Infracambrian age for the Arkenu Formation is correct (Saïd et al., 

2000), the absence of bioturbation does not automatically discount a marine origin, because 

prolific burrowing is not generally recorded in North African sandstones until the Mid-Cambrian 

(Seilacher et al., 2002). Deposition of the Arkenu Formation is equally plausible within a marine 

or terrestrial environment. Thick and uninterrupted sandstone successions are recorded from 

braidplains and shoreface environments alike, as well as interchannel portions of subaqueous fan 

complexes. Moreover, 60 m thick mudstone with subtle variations in silt-clay content could be 

deposited in a lacustrine setting fed by dilute underflows, in an outer shelf setting fed ultimately 

by offshore-directed currents, or in a barrier lagoonal environment. The facies recorded here, 

coupled with uncertainties in their succession, do not provide us with sufficiently diagnostic 

criteria to distinguish between these possibilities. 

 

Deformation affecting Infracambrian and Cambrian sedimentary rocks 

Observations 

Southeast of Jabel Arkenu, the Arkenu Formation outcrop belt is ~3.5 km wide and organised 

into five distinct ridges, each 50 m high (Fig. 4). These stand proud of the surrounding desert 

peneplain. The crest lines to these ridges are generally sub-parallel, converging toward the 

southernmost part of the outcrop (Fig. 4). The metasediments discussed above are steeply 

dipping to vertical and strike in the range 025°-035°. Owing to the sub-vertical strata and 

irregular terrain, reliable dip values are difficult to record.  

A number of structural measurements were made from Infracambrian and Cambrian 

strata: each has been plotted on the satellite image (Fig. 4). The westernmost two ridges are 

tightly folded into an antiform structure, identified by steep opposing dips on their respective 
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crest lines (Point “a”, Fig. 4).  Locally, cleavage is developed on the east limb of the antiform 

(point “b”, Fig. 4 and Fig. 5 A, B). The cleavage dips 024°/40°W: strike parallel to bedding, in 

the same trend as both the ridge crestlines and the overall trend of the outcrop belt.  In another 

exposure, a ~10 m amplitude antiform was identified, with limbs trending 012°/60°W and 

014°/67°E (Point “c”, Fig. 4). Smaller, metre-scale parasitic folds are also observed, and these 

verge eastward (point “d”, Fig. 4), plunging 40°/020° (Fig. 5 C, D). Although the poor exposure 

prevents fault contacts being readily identified, we infer one thrust fault, striking parallel to both 

the ridge crestlines, bedding and cleavage (Fig. 4). This thrust fault is interpreted on the basis of 

abrupt dip changes. In addition, vertical joints striking 090-110° were identified. 

The geological map sheet of Saïd et al. (2000) shows a slight inflexion/ curvature in the 

NE-SW outcrop pattern of Infracambrian rocks around Jabel Arkenu and a concentration of iron 

deposits along the length of the outcrop belt. This is supported by our discovery of highly 

ferruginous quartzites described above (Fig. 3 B). Furthermore, pervasive quartz veining affects 

all Infracambrian rocks in the region, crosscutting the cleavage. On a ridge northeast of Jabel 

Arkenu, Infracambrian rocks comprise extensively silicified/ recrystallised sandstones (bedding 

dips 020°/40°W) cut by felsic intrusions.  

The contact between the Arkenu Formation and the overlying Lower Member of the 

Hassouna Formation (Mid Cambrian: Saïd et al., 2000) is not exposed, and a >500 m gap 

separates the most closely spaced outcrops of the two formations.  To the west of the Arkenu 

Formation outcrop belt, the Hassouna Formation is composed entirely of sandstone and lacks the 

extensive silicification/ recrystallisation apparent in the Arkenu Formation. Furthermore, it dips 

gently (25°-35°) to the southwest striking between 095°-140° (Fig. 4). However, compared to the 

remainder of the exposure, sandstones cropping out in the east (i.e. closest to the Arkenu 

Formation) are anomalous and dip gently toward the east (Fig. 4). 
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Interpretation 

The only detailed geological map of the Jabel Arkenu region (Saïd et al., 2000) indicates that the 

Arkenu Formation dips <5º W; only slightly greater than the regional geological dip of 

Phanerozoic rocks to the north. It is unclear to us how this large error arose on an otherwise 

reliable map. Furthermore, the existing map implies that the Arkenu Formation remained sub 

horizontal until it was metamorphosed in the Eocene during the intrusion of the Jabel Arkenu 

ring complex (Saïd et al., 2000). 

Given the presence of cleavage, all deformation within the Arkenu Formation is 

interpreted to be post depositional. Since the strike directions of bedding, cleavage and fold axial 

planes are parallel, the deformation is interpreted to record an intense phase of NW-SE 

compression that produced eastward verging tight folds, possibly underlain by thrust faults.  The 

absence of metamorphism within the Hassouna Formation, coupled with the lack of significant 

deformation, strongly suggests that the Arkenu Formation was deformed prior to the Mid 

Cambrian. Deformation associated with emplacement of Jabel Arkenu itself during the Eocene 

(Saïd et al., 2000) is discounted for two reasons. First, if recrystallisation of the Arkenu 

Formation into meta-sandstones occurred within the thermal aureole of this intrusion, then 

similar recrystallisation of the Hassouna Formation should have occurred since both are equally 

proximal to the southern margins of this intrusion (Fig. 4). Second, the intensity of deformation 

within the Arkenu Formation, and its strikingly linear character, is incompatible with uplift 

caused by intrusion, which would have tilted the rocks to the southeast. The tectonic driving 

force behind this previously unrecognised deformation event is unclear. However, we suggest 

that a period of compressional deformation may be compatible with the poorly constrained 

cratonic movements associated with the assembly of Gondwana and the final phase of the 

Panafrican orogeny during the Early Cambrian (Hallett, 2002). We discuss the significance of 

this event to the wider evolution of Al Kufrah Basin later in the paper.  
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The gentle eastward dip of the Hassouna Formation closest to the Arkenu Formation 

outcrop (Fig. 4) hints at further structural complexity. This could be explained in terms of 1) 

post-depositional, differential compaction of the Hassouna Formation, 2) post-Cambrian 

reactivation of the pre- existing NE-SW trending structures documented above or 3) a fault 

contact between the two formations. We discount option 1 because the amount of compaction 

expected from a sand dominated succession seems too small to account for the deformation 

observed.  Both of the remaining options require a second, post-Cambrian, deformation event 

and we currently prefer option 2 to option 3 as it does not require the presence of an additional, 

speculative fault. A geophysical survey is required to provide conclusive data on the relationship 

between the Arkenu and Hassouna formations. 

The intrusion of the Jabel Arkenu ring complex is interpreted to have produced the gentle 

southeast dip of the Hassouna Formation (Fig. 4), although contact metamorphism appears to 

have been minimal. The age of quartz veining is unclear: in the Arkenu Formation, quartz veins 

crosscut cleavage but are not found in the Hassouna Formation.  However, we suggest that 

veining is associated with the Eocene intrusion based on the evidence for felsic dykes throughout 

the region. Vein emplacement may have focussed on pre-existing lines of weakness such as the 

deformed Infracambrian strata and this may also explain the localisation of iron mineralization in 

these rocks. It is possible that the second phase of deformation in the NE-SW trending ridge 

discussed above occurred during the emplacement of these intrusions. 

The modern relief is interesting in that, aside from Jabel Arkenu itself, the Infracambrian 

strata alone have substantially resisted regional peneplanation. The outcrops of the Hassouna 

Formation are very small by comparison and we consider it probable that the early 

metamorphism affecting the Arkenu Formation has contributed to its resilience. The result of this 

topography is that the Infracambrian outcrop, although interesting, is isolated from its true 

geological context by lack of local sub-surface data. 
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Petrology of crystalline rocks in the Infracambrian outcrop area 

In the Jabel Arkenu region, the north-eastern outcrop extremity of Infracambrian rocks (Fig. 4) is 

mapped as “Infracambrian marble” (Saïd et al., 2000). In the field, outcrop quality of the largest 

exposure of these rocks is extremely poor, with a relief of only 5 cm exposing a green-blue 

weathering, crystalline lithology. This rock fails to react with HCL, and was thus studied in thin 

section for petrographic analysis (Fig. 6 A-D). Minerals include twinned plagioclase feldspar 

megacrysts (3-4 mm long), sericite pseudomorphs after feldspar, quartz, extensively developed 

matrix sericite, pale green, fibrous to acicular amphibole, high relief lozenges of epidote, local 

chlorite and a high proportion of opaques (~5 %). No carbonate is present. 

 The assemblage of minerals described above automatically discounts a sedimentary 

protolith. Instead, the paragenesis of feldspar megacrysts, amphibole and epidote (Fig. 6 A-D) 

diagnose the specimen as a porphyritic basalt. In basic igneous rocks, a fibrous to acicular 

amphibole (actinolite) commonly replaces pyroxene during low-grade hydrous metamorphism, 

or alternatively during late-stage hydrothermal modification of pyroxene in the cooling igneous 

body (uralitization: Allaby and Allaby, 1990). Coupled with the occurrence of chlorite (Fig. 6 A, 

B), the mineral assemblage is indicative of at least chlorite-grade greenschist metamorphism 

(Yardley, 1998). 

 The age of this metabasite is unknown. However, metamorphism of the protolith to 

greenschist facies by the emplacement of the Jabel Arkeu ring complex is considered extremely 

unlikely, given that Cambrian sandstones of the Hassouana Formation, which are much closer to 

it, show no signs of thermal alternation/ recrystallisation. Furthermore, as the only known mafic 

rock in the region, we discount its origin as parent magma for the felsic Jabel Arkenu intrusion. 

The metabasite lies ~45 km along strike from the Arkenu Formation. Therefore, an ancient (pre-

Eocene) age is thus inferred, and noting that most Neoproterozoic “mobile belts” in North Africa 
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(such as those of the Tibesti, western Libya) are metamorphosed to greenschist facies (Hallett 

2002), a Neoproterozoic age for the metabasite is also plausible. Given this information, and the 

along strike relationship of the metabasite to the folded and thrust Arkenu Formation (Fig. 4), we 

speculate that deep crustal thrusting may have brought this rock to the surface during the same 

compressional phase to have deformed and slightly metamorphosed rocks to the south of the 

outcrop belt. 

 

Constraining the age of the Arkenu Formation 

 
The depositional age of the Arkenu Formation is uncertain owing to the scarcity of 

biostratigraphic controls. Zircon age data have been used on many occasions to constrain the 

maximum depositional age of sandstones (e.g. Fedo et al.,2003) using the principle that the 

sediment cannot have been deposited earlier than the youngest reliable zircon date. The Arkenu 

Formation zircon age spectrum contains three distinct peaks within the Archaean, at c. 2500 Ma, 

c. 2640 Ma and c. 2720 Ma but it lacks the peak at 500-900 Ma seen in spectra from younger 

formations (Fig. 7 A). The youngest reliable zircon age acquired during the first analytical phase 

was 951 ± 11 Ma, the three grains with apparently younger ages being discarded due to 

discordance (Fig. 7 B). In order to provide further constraints on the depositional age of the 

Arkenu Formation, a second SHRIMP analytical phase was conducted, targeting colourless 

zircons with euhedral or angular habits, these being the most likely candidates for the youngest 

components of the zircon spectrum. This analytical phase failed to identify any grains younger 

than 951 ± 11 Ma. It therefore appears that the Arkenu Formation at Jebel Arkenu has a 

maximum depositional age of c. 950 Ma. Although this does not prove that deposition did not 

take place much later, the absence of zircons in the 500-900 Ma range, which corresponds to the 

Pan-African orogeny, arguably the most important crust-forming event in North Africa and the 
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Middle East (Klusky et al., 2003), strongly suggests deposition took place prior to the Pan-

African series of orogenic events.  

 

Discussion 

Is Al Kufrah Basin really a pull-apart basin? 

Bellini et al. (1991) proposed a model of Al Kufrah Basin as a sinistral transtensional basin 

based on the identification of a rhombochasm, some 150 km wide and 400 km long in magnetic 

datasets (Fig. 8 A). By this time, however, a pull-apart origin for the basin had already been 

accepted (Schandelmeier, 1988). Lüning et al. (1999) report a rift graben with identifiable syn 

and post rift fill, within the deep subsurface of the basin, based on seismic lines acquired and 

interpreted by AGOCO. However, these workers do not report whether faults were clearly 

imaged on these lines, and neither do they investigate the pull apart basin model of Bellini et al. 

(1991). Proprietary seismic lines have subsequently shown that Al Kufrah Basin contains two 

deep depocentres sealed beneath/ onlapped by “layer cake” Palaeozoic stratigraphy (Craig et al., 

in press) but no obvious faults are imaged. Across central and eastern North Africa, the youngest 

widespread post-Neoproterozoic strata are generally Cambrian (Selley, 1997; Tawadros, 2001; 

Hallett, 2002), and hence the deep core of Al Kufrah Basin has been assumed to be 

“Infracambrian”. Therefore, the pull-apart basin of Bellini et al. (1991) or the rift basin of 

Lüning et al. (1999) is implicitly of Infracambrian age.  

Public domain gravity data processed using an EIGEN-GL04C gravity model (Förste et 

al., 2006) was acquired to generate a Bouguer anomaly map over Al Kufrah Basin as far east as 

Jabel Arkenu (Fig. 8 B). This map was used to investigate whether the structural interpretations 

of Bellini et al. (1991) are supported by the most up-to-date gravity models. It has a resolution of 

1-200 km, and hence emphasises large-scale crustal structures and the expense of smaller faults. 

The data show the presence of four NE-SW striking faults within Al Kufrah Basin, 
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approximately strike parallel to the outcrop belt of the Arkenu Formation and structures within it 

(c.f. Fig. 4, Fig. 8 B). These NE-SW faults are cut and offset by a later generation of NW-SE 

fault structures. Superimposing the rhombochasm drawn by Bellini et al. (1991) highlights the 

dramatic difference between these interpretations (Fig. 8 B). 

Bellini et al. (1991) indicate a sinistral pull-apart basin trending NE-SW, which 

Schandelmeier (1988) suggests was one of three en echelon NE African basins formed under a 

regional Late Precambrian strike-slip regime (Fig. 9). However, modern gravity data used in this 

study do not show a rhomb, and hence they do not support a pull-apart basin geometry (Fig. 8 

B). 

Integrating all sedimentological, structural, petrographic and geophysical data available 

to us, we tentatively propose the following alternative model for the early evolution of Al Kufrah 

Basin. Mountain building during the Panafrican Orogeny resulted in intense deformation in the 

Jabel Arkenu area, isoclinally folding, thrusting and cleaving the Arkenu Formation. The 

tectonic context of this formation is uncertain, but deformation clearly imparted a pronounced 

NE-SW structural grain to Infracambrian sediments. The same deformation event was probably 

responsible for the formation of NE-SW faults, up to 300 km long, in the subsurface of Al 

Kufrah Basin (Fig. 8 B). Given the context of compressional deformation affecting the Arkenu 

Formation at the basin margins, it is possible that these originated as thrusts. 

Following the main mountain building event, collapse and possibly rifting gave rise to 

what is now the deep subsurface of the basin, with extension perpendicular to the same NE-SW 

structural grain. Collapse along NW-SE striking faults may have occurred during this process 

(second generation of faults: Fig. 8 B), although a later origin cannot be discounted for these 

structures. Therefore, in our model, we propose 1) predominantly orthogonal compression during 

the Panafrican orogeny to account for the style of deformation in the Arkenu Formation and 2) 

orthogonal extension along the same regional tectonic grain, accompanied by possible oblique 
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transcurrent faulting, to form the main part of Al Kufrah Basin (e.g. Fig. 8 B). Under this model, 

it is apparent that sediments in the deep subsurface of the basin are highly unlikely to be younger 

and hence correlatives to those at the surface. 

It should be stressed that the intensity of deformation in the Arkenu Formation (Figs. 4 & 

5) is relatively low. In the core of modern orogens, it is common to find more intense products of 

deformation, such as in the vicinity of the Karakoram fault zone in SW Tibet, where shear zones 

and mylonitic fabrics are typical (Phillips et al., 2004). Consequently, it is suggested that the 

deformation in the Arkenu Formation is much more representative of far field stresses at the 

fringes of a collision zone. 

 

Regional analogues 

In view of the above discussion, our discussion of regional Infracambrian analogues is two 

facetted and includes, firstly, the search for correlative rocks to the Arkenu Formation and 

secondly, analogues for the subsurface of Al Kufrah Basin (Fig. 8 A, B). Remarkably little is 

published on potentially correlative rocks to the Arkenu Formation in North Africa. The 

Mourizidie Formation, which crops out north of Mourizidie pass at the eastern flanks of the 

Murzuq Basin, may provide some comparison. This formation is sandwiched between 

metamorphic “Pharusian” or Panafrican Basement and undifferentiated rocks, mapped as 

Cambro-Ordovician in age Jacqué (1962) at about the same time as Klitszch (1963) in two high 

quality papers that stand the test of time, almost 50 years on, as the only comprehensive 

geological studies in this area. Jacqué (1962) justifies the stratigraphic position of these 

sediments as follows: the Infracambrian rests “in angular unconformity on folded partially 

granitised, Pharusian basement, and reworked into Cambro-Ordovician rocks which rest in 

gentle discordance above”. He places great emphasis on extrapolating stratigraphic observations 

from several hundred kilometres further west in Algeria, stating that “certain petrographic 
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characteristics closely resemble the Purple Series of Ahnet and not Cambro-Ordovician there”. 

In this reference to the Purple Series of Ahnet, Jacqué (1962) was alluding to Infracambrian 

rocks at the southern flanks of the Ahnet Basin, which have subsequently been interpreted to 

record the infill of rift graben formed in response to the collapse of mountains formed during the 

Panafrican Orogeny (Rahmani and Haouchine, 1999). According to Jacqué (1962), it should be 

noted that “devitirified rhyolite pebbles are found at the base of the Cambro-Ordovician 

sequence above”, providing an upper age limit for supposed Infracambrian rocks of this region. 

Although he did not observe rhyolites in situ in Mourizidie, Jacqué (1962) notes that in other 

parts of the Sahara acid volcanic rocks are known beneath the Cambrian of the Anti-Atlas 

(Morocco), Adrar des Iforas (Mauritania), and the eastern Hoggar (Algeria). It is an unfortunate 

consequence of both this early and later work on the Infracambrian of North Africa that lower 

and upper age constraints are frequently borrowed from neighbouring basins, making their 

absolute ages highly uncertain.  

 Further afield, Lüning et al. (1999) suggested that pull-apart basin fills of supposed 

Infracambrian age in Oman could provide potential analogues for the deep Al Kufrah subsurface. 

Given our preferred model for orthogonal extension outlined above, we would question the 

validity of a comparison based on strike-slip deformation. However, the use of such analogues is 

attractive to the Libyan petroleum industry because Neoproterozoic ramp silicilytes (known as 

pthanites in North Africa) and deep water carbonates within the Huqf Supergroup are extremely 

important source rocks in Oman, where oil reserves in this succession may exceed 300 million 

barrels (Amthor et al., 2000). In neighbouring Saudi Arabia, similar dark grey limestones of the 

Jibilah Group were deposited in a similar ramp setting and are good hydrocarbon source rocks, 

with have typical TOC (Total Organic Carbon) values of 3% (Nicholson, 2003). Such analogue 

comparisons are necessarily both optimistic and speculative because the deep subsurface Al 

Kufrah Basin has been penetrated by only two wells. Some of the most organically enriched, and 
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hence oil-prone, carbonates of the Huqf Supergroup in Oman and the Jibilah Group of 

neighbouring Saudi Arabia appear to have been deposited in a ramp setting (Amthor et al., 2005; 

Nicholson, 2003) that was structurally active, and not an interior rift basin. 

 

Infracambrian in Al Kufrah Basin: linchpin of a 6000 km long Transafrican Lineament? 

Schandelmeier (1988) suggested that Al Kufrah Basin, the Erdis Basin (Chad), and the Dahkla 

Basin (Egypt) formed during the Neoproterozoic along a pronounced NE-SW crustal weakness 

in North Africa (Fig. 9). However, the concept of an even larger scale NE-SW trending trans-

continental belt of deformation extending from the Niger Delta to the Nile Delta (Fig. 10) is not 

new. During the mid 1970s, photogeological mapping, coupled with the availability of Landsat 

data for the first time resulted in the publication of ambitious, large-scale models of trans-

African deformation. The belts of deformation described in these models were assumed to be 

long-lived and repeatedly reactivated from the Mesoproterozoic onward, and were termed the 

Transafrican Lineament (Nagy et al., 1976) (Fig. 10), the Pelusium Line (Neev, 1977; Neev et 

al., 1982), or more recently the Guinean-Nubian lineament (Guiraud et al., 1985; Rogers et al., 

1995). In many of these models, outcrops in NE Africa, at the flanks of Al Kufrah Basin in 

particular, are cited as key constraints. Subsequently, numerous references to a Transafrican 

Lineament cutting through part of Al Kufrah Basin have been made in the literature (e.g. Keeley, 

1994; Ghebreab, 1998; Klitzsch, 2000; Hallett, 2002). In this section, we explore how these 

large-scale belts of deformation were defined, and whether they are fact or fiction. If real, were 

they were active or initiated in the Infracambrian as is widely supposed (e.g. Schandelmeier, 

1988) and how do they relate to deformation described in the Arkenu Formation above? 

 Nagy et al. (1976) described six key geological features that together formed a 

Transafrican Lineament (Fig. 10), which they interpreted as a continent-scale fault or fracture 

zone. From NE to SW these features are 1) the Qattara embayment, with NE-SW trending basins 
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and swells in rocks of Cretaceous and Tertiary age; 2) the Bahariya fault, presently a 

topographically elevated structure with a NE-SW strike and east of the Qattara embayment; 3) Al 

Kufrah Basin; 4) Bahr el Ghazal region, northern Chad, including the Bodele topographic 

depression; 5) Lake Chad depression; 6) the Benoue Trough, an elongate NE-SW striking 

outcrop of Cretaceous-Tertiary rocks bounded on either side by Proterozoic deposits and 

interpreted as a failed rift arm of the Niger Delta triple junction (Burke and Dewey, 1973). 

 The alignment of the above structural features was explained by Nagy et al. (1976) as an 

ancient crustal suture. To support this interpretation, they cited as key evidence systematic 

petrographic and geochemical changes in the composition of the Ben Ghenema batholith at the 

NW flank of the Tibesti Massif (central Libya) as evidence for a suture dividing ancient 

continental crust to the west of this intrusion from ancient oceanic crust to the east. The intrusion 

is dated at ~550 Myr (Pegram et al., 1976), and was thus emplaced in the latest Precambrian in 

the latter stages of the Panafrican Orogeny (Unrug, 1996). If correct, the interpretation requires 

the closure of a former ocean to account for the presence of ocean crust. It is surprising, 

therefore, that the Transafrican lineament of Nagy et al. (1976) is actually shown to bypass the 

Tibesti Massif (Fig. 10), the structure of which a suture model was intended to explain, instead 

running down the “axis” of Al Kufrah Basin. 

 In his reply to Nagy et al. (1976), Chukwu-ike (1977) rightly cautioned that joining 

disparate geological features of broadly the same orientation is a highly subjective geological 

exercise. Moreover, he cited the lack of ophiolites and deep-sea sediments, regarded as classical 

diagnostic features of ocean suture zones, as a reason to question whether this zone formed 

during a collision process between two formerly separated crustal units. Nagy et al. (1976) 

concede that the genetic relationship between the Transafrican Lineament and igneous activity is 

unclear, yet they still argue that Phanerozoic reactivation occurred frequently and that the most 

recent possible volcanic activity was in the Cenozoic. 
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 At about the same time, Neev (1975) published evidence for a large-scale “swarm” of 

tectonic lineaments in the Levant, identifying a NE-SW oriented zone of sinistral strike-slip 

faults. In the eastern Nile delta, he found evidence for a NE-SW trending escarpment, which was 

postulated to belong to the same family of lineaments, joined them together in one shear system, 

and coined the term “Pelusium Line”. Later, Neev et al. (1982) attempted an interpretation of 

tectonic features observed on LANDSAT data, which they mapped out across North Africa, 

focussing on NE-SW striking geological features. In that paper, they redefined the Pelusium Line 

as the “Pelusium megashear system and its associated lineament swarms” to encompass a broad 

and diffuse belt of deformation that extended from the Levant, through the eastern Nile Delta via 

the Bahariya graben (NE Egypt) and into a rhombochasm in Al Kufrah Basin. This rhomb, 

which was in a similar location to that later interpreted in Bellini et al. (1991) (Fig. 8 A), was 

interpreted to lie in the middle of a >500 km wide belt of deformation that included the Tibesti 

Massif (Libya) and the Ennedi-Bourkou range (Chad) within one continuous shear zone. One 

continuous, NE-SW striking master fault defined the northern limit of the shear zone passing 

through Pic Touside in the Tibesti Mountains, with less well defined NE-SW master faults in the 

south. Smaller (~100 km long) fault systems were interpreted to terminate against the master 

faults to define en-echelon, left lateral megashears that functioned since Precambrian times 

(Neev et al., 1982). 

 Like Nagy et al. (1976), Neev et al. (1982) draw attention to NE-SW striking faults in the 

northern Tibesti Massif, three of which they interpret as showing 3, 4 and 6 km of left-lateral 

offset. Furthermore, Neev et al. (1982) claim that >500 m of vertical movements have occurred 

along some of the faults in the Tibesti area. More recently, Guiraud et al. (2000) published 

evidence for a 6000 km long NW-SE lineament in northern Africa, termed the Tibesti lineament, 

purported to cross Africa from the Ougarta range (Algeria), via the Tibesti Massif, into Darfur 

and East Africa (Fig. 11). In that paper, a single line (hence lineament) was interpreted, and 
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clearly visible on both unprocessed satellite imagery and a digital elevation model, as a result of 

the scaling up process of a 2-300 km wide belt of faults into a single line (Fig. 11). On the same 

digital elevation model, there is no evidence of a linear swarm of faults attributable to a NE-SW 

striking Transafrican Lineament (or Pelusium Line), which we conclude to be unsubstantiated, 

because its age, geometry, origin and even position over several hundred kilometres are in doubt 

from the previous discussion. 

 As a final comment, we might expect regional scale, long lived zones of crustal weakness 

such as the Transafrican Lineament to remain tectonically active to the present day, particularly 

if claims of a multiple Neoproterozoic-Cenozoic reactivation history (Nagy et al., 1976) are 

correct. Maps showing magnitude > 4.5 earthquakes across the North African and Arabian 

regions illustrate a clustering of epicentres along the Red Sea spreading centre and in the eastern 

Mediterranean (Adams and Barazangi, 1984). As a major zone of crustal weakness oblique to the 

Red Sea spreading centre, the Transafrican Lineament would be an excellent means of 

accommodating transcurrent neotectonic stresses. However, for detectable earthquakes in 

northeast Africa, none are recorded, and hence the region appears to be currently tectonically 

quiescent. From the limited available data, it does not appear that significant transcurrent strain is 

currently occurring along the zone of the supposed Transafrican Lineament. 

 This study has shown that there is evidence for predominantly orthogonal compression in 

the Infracambrian succession of Jabel Arkenu during the Panafrican Orogeny, and that 

orthogonal extension due to gravity collapse of the Panafrican Mountains may also account for 

the deep basin in the subsurface of Al Kufrah. A re-evaluation of the available data suggests that 

previously published interpretations of a the strike slip component of deformation along local but 

important fault zones, in the eastern Sahara at least, may have been previously overstated.  
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Conclusions 

• At the southeast flank of Al Kufrah Basin, Infracambrian rocks comprise metasediments 

(sandstones and mudrocks). The sandstones were deposited in a generally moderate to 

high energy setting, possibly in a shallow marine or fluvial depositional environment. 

The hydrocarbon source rock potential of the interbedded mudstones at outcrop is nil due 

to deformation; however their potential at depth remains. This topic needs significant 

further research in the context of hydrocarbon exploration; 

• New SHRIMP zircon age data for the Arkenu Formation at Jebel Arkenu indicate a 

maximum depositional age of c. 950 Ma. Although this does not prove that deposition did 

not take place much later, the absence of zircons in the 500-900 Ma range, which 

corresponds to the Pan-African orogeny strongly suggests deposition took place prior to 

the Pan-African series of orogenic events.  

• The Infracambrian Arkenu Formation was cleaved and deformed to produce large-scale 

(~10 m amplitude) antiforms and inferred thrusts. These structures are interpreted to have 

formed during an episode of orthogonal compression, probably in the Late Precambrian 

to Cambrian Pan-African Orogeny. The extent of this deformation is hard to constrain 

due to limited outcrop but the along-strike presence of greenschist grade metabasites 

suggests significant uplift occurred which lends support to a regional scale deformation 

event. 

• The deformation process imparted a pronounced NE-SW structural grain on 

Infracambrian sediments. Collapse of the crust following peak orogenesis may provide an 

alternative model for the origins of the deep depocentre in the subsurface Al Kufrah 

Basin, without need to invoke formation of a series of huge, en echelon pull-apart basins 
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in NE Africa. However, the possibility remains that some of the regional faults traversing 

the basin were initiated or reactivated at a later stage; 

• To the northeast of Jabel Arkenu, an outcrop of “Infracambrian marble” described by 

previous authors is shown by thin section petrography to be a metabasite. Infracambrian 

marbles are correctly mapped further to the north. 

• In the light of our results, it seems likely that previous models for the origins of NE-SW 

striking faults active in NE Africa during the Infracambrian overstate the importance of 

(sinistral) strike slip tectonics during the early evolution of Al Kufrah basin area. 
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Figure captions 
Figure 1: A. Geological sketch map of Libya, showing the location of the main sedimentary 

basins, including Al Kufrah Basin. The outcrop study area, in the Jabel Arkenu region, is on the 

border with Egypt and Sudan. See Fig. 4 for detailed interpretation of the LANDSAT data 

covering the Jabel Arkenu region. 

 

Figure 2: Stratigraphic context of Infracambrian metasediments and the Phanerozoic fill of Al 

Kufrah Basin. The stratigraphic chart is based upon our field observations (Infracambrian-

Silurian) and literature data (Devonian-Cenozoic: Bellini et al., 1991) for the Jabel Arkenu 

region, at the eastern basin margin. Also shown are the key components of a potential 

hydrocarbon system in this basin (source rock, reservoir and seal horizons). 

 

Figure 3: The Arkenu Formation of Infracambrian age, south of Jabel Arkenu (see Fig. 4 for 

location). A: General view of the formation, comprising steeply dipping clastic sedimentary 

rocks, with the Jabel Arkenu ring complex in the background. Looking northeast (along strike). 

Geologist circled for scale. B: Heavily deformed and quartzified sandstone, looking north. C: 

Thick, uninterrupted units of medium bedded, fine-grained sandstone. D: Tabular cross bedding, 

a common feature of sandstones in the Arkenu Formation. Note that determining way up from 

these structures is not possible. E: Part of a 60 m thick succession of mudrocks (dipping 
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vertically). Note how some beds are more elevated than others, reflecting variations in silt 

content in the succession. F: Quartz rich conglomerates within the Arkenu Formation. G: Thin 

section (cross polarised light) of the conglomerate in F. Topmost part of the field of view shows 

a clast, made up of a meta-sandstone with irregular and sutured contacts between quartz grains. 

The lower part of the field of view shows the matrix, comprising sub-angular to sub-rounded 

sand grains, with an interstitial clay matrix. Photos and samples from vicinity of 22º06.922’N  

24º41.625’E. 

 

Figure 4: LANDSAT data covering the exposures of Infracambrian rocks in the Jabel Arkenu 

region, with structural data. Locations a-d are referred to in the structural section of this paper. 

Yellow spot marks the location of sample H2519 on which SHRIMP U-Pb zircon age dating was 

carried out. 

 

Figure 5: Deformation affecting the Arkenu Formation. Photos A and B are distance and close 

up shots respectively of bedding-cleavage relationships in these Infracambrian sandstones. The 

bedding (S0) is subvertical, cut by a shallower (45° dipping) cleavage (S1). The strike of both 

bedding and cleavage are parallel, generally NE-SW (see Fig. 4 for detail). Photos C and D are 

distance and close up shots respectively of minor antiforms, interpreted as parasitic on the main 

antiformal structures affecting the outcrop. The strike and dip of the fold axial surfaces is 

comparable to that of the cleavage planes shown in B. Note the eastward vergence of these 

structures in photo D. Photos A and B taken from 22º07.227’N  24º41.700’E; photos C and D 

taken from 22º06.546’N  24º42.069’E. 

 

Figure 6: Photomicrographs of a metabasite collected NE of Jabel Arkenu, from a low-lying 

outcrop area previously mapped as “Infracambrian marble” (Saïd et al., 2000: see Fig. 4 for 
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location). Photos A and B, in plane polarised light and under cross-polars respectively, illustrate 

a paragenesis of epidote and sericite. Additionally, chlorite occurs as fracture fills. C: 

Paragenesis of green amphibole (possibly actinolite), turbid plagioclase megacrysts and alkali 

feldspar. Note that opaque minerals are also important; accounting for up to 5% of the surface 

are of this slide. D: Composite crystal comprising an orthopyroxene core and a reaction rim of 

green amphibole (possibly actinolite), with evidence for additional overgrowth of epidote. The 

relationship between this metabasite and metasediments of the Arkenu Formation cannot be 

confirmed in the field. Sample collected from 22º24’22.1” N  24º53’01.2” E. 

 

Figure 7. A: Combined histogram-relative probability plot for sample H2519 (Arkenu Fm., Jabel 

Arkenu). Grains with unreliable U-Pb ages are not plotted. B: Tera-Wasserburg concordia 

diagram with U-Pb isotopic data from sample H2519 (Arkenu Fm., Jabel Arkenu). All data are 

plotted and were analysed in a targetted manner to find the youngest zircons in the sample. Data 

point ellipses are 1σ. Common Pb correction has not been applied. Data in pale green yield 

unreliable U-Pb ages and have not been used in the histogram-relative probability plot. 

 

Figure 8. A: Interpretation of regional-scale fault systems in Al Kufrah Basin from magnetic 

data after Bellini et al. (1991). In this figure a sinistral strike-slip system in dominant (the 

“Pelusium megashear”), with a rhombochasm presently in the deep subsurface of Al Kufrah 

Basin defined by synthetic strike-slip master faults. Note how under this model, large 

transcurrent faults associated with the “Pelusium megashear” crosscut the rhomb. This 

crosscutting relationship requires a pull apart basin to form before a parallel set of faults is 

superimposed under continuing strike-slip deformation. However, under this model it is unclear 

why ongoing extension would not continue pull apart basin development, and produce the 

Pelusium megashear faults instead. B: Bouguer gravity anomaly map, calculated by subtracting 
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the Bouguer correction from the free air anomaly map of Al Kufrah Basin area. The map was 

computed from publicly available data of the International Centre for Global Earth Models 

(ICGEM) (http://icgem.gfz-potsdam.de/ICGEM/ICGEM.html), using the EIGEN-GL04C gravity 

model (Förste et al., 2006). This gravity model, referred to as EIGEN GL04C, combines data 

from GRACE and LAGEOS satellite missions with terrestrial data at 0.5° x 0.5° resolution. Data 

for Al Kufrah Basin (5° x 5°) were resampled to 1 arc minute resolution for processing. The 

resulting gravity/geoid anomaly wavelength resolution achieved is about 110 km. This process 

emphasises long wavelength crustal structure at the expense of smaller scale faults. Interpretation 

shows two major NE-SW faults: one north of Al Kufrah settlement, and another immediately 

north of Jabel Arkenu. Both NE-SW faults are remarkably parallel to the belt of deformation 

shown on Figure 4. No rhomb is apparent in these data. 

 

Figure 9: Development of Al Kufrah, Erdis and Dakhla basins in NE Africa, as dextral pull-

apart basins (rhombochasms). Model reproduced from Schandelmeier (1988). 

 

Figure 10: Major structural features cited as evidence for a trans-continental tectonic-magmatic 

lineament between the Nile delta, Egypt and the Niger delta in West Africa. Reproduced from 

Nagy et al. (1976). 

 
Figure 11. Raw (uninterpreted) digital elevation model of North Africa (A) and interpretation of 

a NW-SE striking “Tibesti Linement” from that dataset. Note that the purported NE-SW striking 

Transafrican Lineament long supposed to traverse NE Africa and Al Kufrah Basin is not detected 

on this image. Both the DEM, which is based on EDC-USGS GTOPO30 data, and interpretation 

are taken directly from Guiraud et al. (2000). 

 

http://icgem.gfz-potsdam.de/ICGEM/ICGEM.html























