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FOREWORD 

To our knowledge, this guidebook presents the most extensive compilation of geologic data 
pertaining to southern Libya and northern Chad published in English or, for that matter, in any 
other language. 

This, the eighth annual field conference conducted by the Petroleum Explo1ation Society 
of Libya, is the first held within our own area of immediate geologic interest. We have delayed 
visiting distant parts of Libya for various reasons. Little was known geologically prior to recent 
oil exploration. Much of the data from field investigations by geologists of various companies and 
institutions have become available in the past three years giving us enough inf 01 mation so 
that we can now take a geologic "tour" of southern LibJia and northern Chad. The German 
Mission, whose guests we will be for two days, has been in Bardai only since 1964. And also, 
moving and feeding a group of men roving over a vast uninhabited area has been a deterrent 
in the past. 

For most of us, this field trip is a 'U.nique opportunit~1 to stud'}' outcrops from Precambrian 
to Tertiary age, strange land-forms and volcanism; to observe prehistoric living sites and rock 
carvings; and to see spectacular scenery, all in a rather remote spot of the earth that we will 
probably not have another chance of visiting. 

The guidebook was organized under the general di1 ection of Dr. Eberhard Klitzs,ch and 
edited by James J. Williams. Thanks are given to Ross Sawtelle and John Magee, Mobil Oil 
Co. of Libya, Field Conference Treasurers; the men responsible for the articles appearing in 
the guidebook; Drs. Angus Cambell and F. T. Barr, Oasis Geological Laboratory and Philip 
Ward, Oasis Oil Company, Library Services, for critical reading of the guidebook; Wilfred 
Austin and John Smith of Oasis Oil Co., drawing office; Orrell Curtis of Oasis Reproduction 
Department; Klaus Proeschold and Ali Sharfeddine, DEA-Libya draftsmen; Secretaries Mrs. 
Gere Schaeffer, Elizabeth Durrans and Miss Karin Zeschke of Oasis Oil Co. and DEA-Libya 
respectively; and to all the oil companies who support the activities of the Society, specifically 
DEA and Oasis oil companies. Particular thanks are given to the German Scientific Mission at 
Bardai sponsored by Freie Universitat Berlin. 

We also wish to acknowledge the fallowing, whose assistance helps to insure the success 
of our trip. T. Vingerhoets, Chief Pilot for Linair, Libyan National Airways S.A.L.; Jack 
Newman, Manager of Mohamed Nga Transportation; Sami Hakim, Manager of M. Ali Ben 
Otman, Catering; Robert Ray Geophysical for use of a kitchen trailer and to Schlumberger 
Overseas S.A., PGAC and Welex Division of Haliburton Company, who will furnish refresh
ments easing parched throats at the end of long, arduous days. 

March 24, 1966 
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JAMES J. W IL I. I AMS 

Editor 



Bir 
Chebir 
Djebel 
Dor 

Erg 
Ennedi 
Enneri 
Garet 
Hamada 
Namus 
Serir 
Tarso 
Uau 
Wadi 

BRIEF GLOSSARY 

Well (Arabic, properly Bi'r) 
Big (Arabic, properly Kabir) 
Mountain range (Arabic, properly "Jabal") 
Plain surrounded by mountains (Arabic). Originally where the nomads grazed their 
herds. Dor commonly refers to a mountain area as it is in the mountains of the desert 
that there is enough precipitation to result in a grazing area 
Sand Sea 
Valley, river bed (Berber) 
Valley, river bed (Tibu) 
Mountain (Arabic, properly Qarat) 
Plain covered by large rocks 
Insect; specifically mosquito (Arabic) 
Plain covered by small rocks, gravel (Arabic) 
Plateau, high plain (Tibu) 
Water place (questionable Berber, possibly Tuareg, properly Waw) 
Valley, river bed (Arabic) 

Local names applicable to Chad are written after the French. Names in Libya are written from 
Arabic pronunciation. 
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COMMENTS ON THE GEOLOGY OF THE CENTRAL 

PARTS OF SOUTHERN LIBYA AND NORTHERN CHAD 

by 

EBERHARD KLITZSCH 

(DEA-Libya) 

INTRODUCTION 

Southern Libya and Northern Chad 
belong to the centralmost part of the Sahara 
desert. Yearly rainfall is practically nil 
except in the Tibesti and other mountain
ous areas; consequently most of the land 
is unpopulated. There is only one oasis, 
Uau el Chebir, between Djebel Haroudj and 
the Tibesti, which is irregularly inhabited 
by a handful of Tibu nomads. Approxima
tely 8,000 to 10,000 people live in several 
oases within the Tibesti mountains where 
yearly rainfall reaches 150 mm or more. 

Morphology of the central Sahara de
pends largely on geological factors. The 
large Kufra and Murzuk basins were formed 
in Paleozoic to Mesozoic times and are 
surrounded by steplike landscape of moun
tainous character where Cambrian to 
Devonian age strata are exposed and 
cuesta-type landscape formed by Carbon
iferous age outcrops. (See Pl. I). The con
tinental formations of Mesozoic age form 
extensive plateau topography accompanied 
by table mountains and outliers. The two 
volcanic areas differ completely in mor
phology. Djebel Haroudj is composed of lava 
flows and has relatively little relief whereas 
the Tibesti mountains are dominated by large 
volcano massifs like Emi Koussi, Ehi Tous
side and Tarso Voon which show remarkable 
differences in relief. 

The Serir Tibesti, a large fiat plain, 
evolved from an uplift separating the Kufra 
and Murzuk basins. The Serir Tibesti is in 
the rain shadow of surrounding mountain 
deserts so it is the driest part of the central 
Sahara. 
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Exploration of this region was irregular. 
The period of first discoveries, for the most 
part by German travellers, began in 1797. 
In that year F. Bornemann travelled from 
Cairo via Gialo and Murzuk to the Niger 
river. He crossed the Djebel Haroudj, which 
he recognized as a very large volcanic basalt 
plateau and he also described the Upper 
Cretaceous and early Tertiary fossiliferous 
limestones of Dor el Msid. In 1849, while 
on their way from Tripoli to Bilma, Barth 
and Overweg discovered the Paleozoic strata 
of the Murzuk basin. G. Nachtigal, in 1869, 
was the first European to reach the Tibesti 
Mountains and G. Rohlfs, in 1878, was the 
first to enter Kufra Oasis. 

During the Italian administration a second 
period of exploration began which resulted 
in fair topographic documentation of south
ern Libya. Desio established the first general 
geologic framework of southern Libya. 
During this time, French geologists inves
tigated the Tibesti Mountains and other 
parts of northern Chad. Later, during French 
administration of Fezzan ( 1942-55), much 
geological work was done there by French 
geologists, M . Lelubre in particular. In the 
course of World War II a detachment of the 
German Africa Corps (i.e. G. Knetsch, N. 
Richter) investigated parts of southern Libya 
and collected valuable information. 

Only the basic generalities of the geolog
ical framework of southern Libya and north
ern Chad were known when oil exploration 
started in the fifties. The detailed stratigraphy 
of eastern and southern Murzuk and of the 
entire Kufra basin was unknown. During the 
past eight to ten years, this area has aroused 
interest of many geologists, particularly those 



employed by oil companies. Recent inves
tigations have resulted in a relatively detailed 
record of the following areas: eastern Kufra 
basin (i.e. Burollet), southern Kufra basin 
(i.e. de Lestang), southern Murzuk basin 
(i.e. Plauchut), eastern Murzuk basin 
(Jacque, Fiirst, Klitzsch). Recent publica
tions by Wacrenier and by Vincent describe 
the Precambrian and particularly the volca
nism of the Tibesti Mountains. The western 
part of the Kufra basin and the continental 
Mesozoic age strata of Kufra and Murzuk 
basins have not been studied as much as the 
rest of the region. 

The author has mapped vast areas in the 
eastern and north-eastern part of the Murzuk 
basin and has studied stratigraphic sections 
along all flanks of Murzuk and Kufra basins 
in Libya as well as in Chad and Niger. This 
article is a summary interpretation of the 
geology of south-central Libya and northern 
Chad based on recent literature and the 
author's experience. 

STRUCTURAL DEVELOPMENT 

Three major tectonic elements dominate 
the area to be described : the M urzuk basin 
(600 X 1000 km wide) in the west, the Kufra 
basin ( 500 X 900 km wide) in the east and 
the north-northeast trending Tibesti-Sirte 
uplift in the middle separating the two large 
basins (Fig. 1). The geological history of this 
region is more complicated than the first 
glance at the geological map may suggest, 
and of course not all elements of this devel
opment have been reconstructed so far. 

Strong folding during two different tecto
nic cycles, both accompanied by orogenic 
magmatism, more or less consolidated south
ern Libya in Precambrian time. Subsequent 
erosion resulted in nearly peneplain relief. 

Only epeirogenic movements and block 
faulting have occurred since Cambrian time. 
North-northwest trending uplifts within strata 
of Cambrian and Ordovician age indicate 
tectonic trends which were more evident 
during late Caledonian time. These early 
Caledonian elements are seen at the northern 
edge of Dor el Gussa (southern Haroudj 
uplift) and in the area of Mourizidie. 
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Deposition of dominantly continental sand
stone and conglomerate, originating from the 
southern foreland of the North African shelf, 
took place in Cambrian time. Transgression 
of the sea in Ordovician time covered most 
of the area and resulted in deposition of a 
relatively thin layer of marine strata. Another 
transgression in Silurian time resulted in 
deposition of Tanezzuft Shale and Acacus 
Sandstone. Sections of Silurian rocks up to 
620 meters thick are exposed at many local
ities in the western !Kufra and eastern 
Murzuk basins. \ 

North-northwest striki1~g uplifts formed in 
Silurian time and are most evident at the 
Silurian-Devonian transition. (See Fig. 1). 
Most distinct is the Tibesti-Tripoli uplift 
which divides the present-day Murzuk and 
Homra basins. The northeast flank of this 
uplift will be visited on the field trip 
(Stop 12a). The Tibesti-Tripoli uplift is 
flanked by nearly parallel striking troughs, 
the Dor el Gussa trough on the northeast 
and the Djado-Murzuk trough on the south
west. (See Fiirst-Klitzsch 1963 and Klitzsch 
1963) . J. de Les tang ( 1965) reports Caledo
nian structural elements from western Kufra 
basin which may have been prolongations of 
Caledonian lineaments found m eastern 
M urzuk basin. 

Late Caledonian relief was almost levelled 
in Lower Devonian time by deposition of the 
partly continental Tadrart Sandstone. The 
Middle to Upper Devonian marine trans
gression covered most of the area and deposi
ted the fine to medium-grained elastics which 
make up the Uan Caza and Aouinet Ouenine 
Formations in eastern Murzuk basin and the 
Binem Formation in western Kufra basin. 

Hercynian uplift and erosion are evident 
m late Devonian time. North-northeast 
trending troughs and uplifts were formed 
during the Carboniferous and appear to have 
remained until early Cretaceous time. The 
Tibesti-Sirte uplift is up to 300 kilometers 
wide and is flanked both to the east and west 
by approximately parallel striking troughs in 
which great thicknesses of Carboniferous to 
Lower Cretaceous strata were deposited. The 
older Tibesti-Tripoli uplift west of the 
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Tibesti-Sirte uplift became part of the 
younger Ben Ghnema trough. (See Fig. 1). 
The present-day configurations of the Murzuk 
and Kufra basins are the result of combina
tions of several north-northwest trending 
Caledonian and north-northeast trending 
Hercynian and post-Hercynian structural 
elements. 

The Carboniferous transgression reached 
the eastern and southern parts of the Murzuk 
basin and evidently covered the southern and 
western parts of the Kufra basin. After 
emergence of the land in late Carboniferous 
time, continental deposition, with some inter
ruptions, took place in the central Saharan 
basins. The Tibesti-Sirte uplift was largely 
eroded, in some areas down to its Precam
brian core. The large escarpments bordering 
the eastern Murzuk basin and western Kufra 
basin began forming during Mesozoic time. 

In northern Libya, during Cretaceous 
time, block faulting followed the old Caledo
nian northwesterly structural trend forming 
the heterogenous Sirte basin. This tectonic 
event however, seems to have had little in
fluence on southern Libya. Nevertheless, the 
Upper Cretaceous marine transgression rea
ched the northern margin of the area to be 
visited and during Paleocene to Lower 
Eocene time flooded the large U-shaped 
embayment bordered by the eastern Murzuk 
basin escarpments to the west, the Tibesti 
Mountains to the south and the western 
Kufra basin escarpments to the east. The 
sedimentary rocks deposited by this last 
transgression are thin in the area concerned 
and consist mainly of carbonates and sand
stones. 

The late Tertiary to Quaternary volcanism 
of Libya is related to distinctive tectonic 

Fig. 2 Basalt flow in wadi west of Djebel Haroudj (old basalt generation, Sto/1 3). 
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elements. The volcanic plateau of Tibesti is 
situated at the intersection of the Caledonian 
Tibesti-Tripoli uplift with the Hercynian to 
Kimmerian Tibesti-Sirte uplift. The Djebel 
Haroudj basalts occur where the fault zones 
of the Tibesti-Sirte uplift meet the major 
fault zones of the westernmost parts of the 
Sirte basin. The Djebel Soda basalts originate 
from an area close to the intersection of 
Gargaf uplift and Tibesti-Tripoli uplift, and 
finally the basalt plateau of Garian in 
Tripolitania is close to the intersection of 
the Djebel Nefusa uplift with the Tibesti
Tripoli uplift. (See Fig. 1). 

In southern Libya and northern Chad, the 
formation of the present-day landscape has 
continued since the Lower Eocene sea re
treated northward. Volcanic flows of late 
Tertiary to Quaternary age at the edge of 
both the Tibesti and the Djebel Haroudj 
mountains followed wadis which were 
evidently pre-existent and probably formed 
during late Eocene to Miocene time. 
(Fig. 2). 

THE EASTERN PART OF 

MURZUK BASIN 

The stratigraphic section described in the 
guidebook's article on Dor el Gussa and 
Djebel Ben Ghnema is, in general, also typical 
for the southern part of the eastern Murzuk 
basin. The stratigraphy of this area does not 
need further description. Most formations 
are rather uniform all along the eastern 
margin of the Murzuk basin except for 
changes in thickness due to epeirogenic 
movements and block faulting. However, 
shale units become more silty and sandy 
southward and the uppermost part of the 
Carboniferous section shows increasing con
tinental influence to the south. Detailed 
study of the southern Murzuk basin has 
been published in an excellent paper by 
B. Plauchut ( 1960). 

Morphology of the eastern edge of the 
M urzuk basin follows two distinct tectonic 
directions. North-northeast trending escarp
ments follow the western flank of the Hercy
nian to Kimmerian Tibesti-Sirte uplift north
ward from 23° N. South of 23° N the 
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escarpments trend north-northwest following 
the southwestern :flank of the early Caledo
nian Tibesti-Tripoli uplift. In southern 
Murzuk basin, the Caledonian Djado-Murzuk 
trough evidently persisted in its north
westerly striking direction during the Hercy
nian and the later tectonic eras. 

The northwestern flank of the Tibesti-Sirte 
uplift is cut by several large faults. These 
faults are well exposed in the Dor el Gussa 
area (see Stop 11 and Fig. 40; road log of 
this guidebook) and in its southern prolonga
tion. A number of approximately north
northeast striking blocks with associated syn
clinal structures were formed. In general, 
the blocks are upthrown to the west along 
the steeply dipping faults. Some of the faults, 
cut across the north-northwest trending south
ern part of the Murzuk basin. 

THE TIBESTI-SIRTE UPLIFT 

A very wide uplift with a north-north
easterly trend developed across the north
northwest striking Caledonian structural 
features in the central part of southern 
Libya. This uplift may have originated as 
early as late Devonian time, but is more 
clearly seen in Carboniferous and younger 
rocks The uplift is characterized by complete 
erosion of the Paleozoic section which has a 
thickness of 2500 to 4000 meters in neigh
boring basins. The uplift axis dips southwest
ward under the north-northwest striking 
Murzuk-Djado trough which seems to have 
been relatively stable throughout Caledonian, 
Hercynian and Kimmerian eras. The Tibesti
Sirte uplift strikes northeastward into the 
subsurface of the much later created Sirte 
basin. The western, southern and eastern 
flanks of the uplift are marked by high 
escarpments of Paleozoic strata. In the south, 
at the Tibesti Mountains, these strata are 
overlain by lava flows and ashes from volca
nism of late Tertiary to Quaternary age. 

The Tibesti-Sirte uplift is transected by 
numerous large faults striking north-north
east. These faults are exposed along the 
western flank of the uplift (eastern Murzuk 
basin) and in outcrops of Precambrian and 



Cambrian to Ordovician age in the Tibesti 
Mountains and their northern foreland. 

The Upper Cretaceous marine transgres
sion extended as far south as 26° N covering 
the northern part of the Tibesti-Sirte uplift. 
During Paleocene and early Eocene time, 
this transgression ente red the large U-shaped 
embayment formed by relief inversion in the 
southern part of the pre-existing uplift (Dor 
el Gussa-Tibesti-Djebel Eghei) . 

THE TIBESTI MOUNTAINS 

The Haggar and the Tibes ti are the largest 
mountain ranges in the Sahara. The Tibesti 
are 320 by 300 kilometers in extent. Emi 
Koussi, situated in the southeastern Tibesti, 
is, at 3415 meters (11,201 ft), the highest 
peak of the Sahara. The first European to 
reach this extremely picturesque area was 
Gustav Nachtigal who travelled from 
Murzuk to Bardai in 1869. In Bardai he was 
plundered by the Tibu who, at that time, 
were very hostile towards all foreigners. 
After a harrowing escape, he lost his last 
camel at Tummo and continued more than 
200 kilometers on foot to Tedjcri in the 
Fezzan with only the food and water he could 
carry himself. This happened in September 
1869, a hot, dry time of the year in the 
central Sahara. 

The Tibesti have been occupied by the 
French since 1914; consequently the moun
tains have been well explored by French 
scientists and officers. A scientific mission 
of the Freie U niversitat of Berlin under 
Professor J. Hi:ivermann has carried out geo
morphological, geological and botanical in
vestigations since 1964. This mission will be 
our host in Bardai and will a rrange the trip 
from Bardai to Trou au Natron. 

An U-shaped plateau, open to the north, 
formed from sandstone of Cambrian to Ordo
vician age surrounds Precambrian rocks 
exposed in the 1Tibesti Mountains. Late 
Tertiary and Quaternary volcanism forming 
high volcanos, thick lava flows and volcanic 
ashes, occurred where the southern part of 
the Tibesti-Sirte uplift crosses the older 
Caledonian Tibesti-Tripoli uplift. 
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The P r e c a m b r i a n rocks as well as 
the volcanic sequences ha\'C been studied by 
\"1acrcnic1· and other French geologists. 
Wacrenier ( 1958 ) divided the Precambrian 
into two series separated by an unconformity 
and a conglomerate. The two series differ 
in degree of metamorphism but both are 
intensely folded (Fig. 3) along north-north
east striking tectonic axes and are intruded 
by synorogenic to late orogenic granites. 

The older sequence, the Ti b cs tie n 
I n f e r i cu r consists of highly metamor
phosed sedimentary and salic and mafic 
magmatic rocks such as mica schist, am
phibolite and quartzite. The synorogenic 
intrusions are different types of alkali-calcic 
granite (granodiorite, monzonite, granite, 
etc.). This sequence is exposed northeast of 
the Tibesti along the western edge of Djebel 
Eghei and northwest of Emi Koussi. 

The T i b e s t i e n S u p e r i e u r is com
posed of quartzi te, quartzite arkose, slate 
and salic lavas . This sequence shows an 
increased degree of metamorphism in the 
neighborhood of syn- or late-orogenic 
plutons. The plutons belonging to the 
Tibes tien Superieur are synorogenic alkali
calcic- and alkali granite. The later plutons 
are often accompanied by aplite and 
pegmatite dikes locally containing wolfra
mite and tin deposits (Ycdri, 22° 15' N-
170 30' E). 

Sandstone of C am b r i an and/or 0 r
d o v i c i a n age, partly conglomera tic and 
cross-bedded, overlies the Precambrian rocks 
with a pronounced unconformity. This 
sandstone can probably be correla ted with 
the H a s s a o u n a S a n d s t o n e in Libya 
which is considered to be of Cambrian age 
(for correlations see Fig. 4). Doubt has 
recently arisen concerning this age. H. 
Hagedorn, of the German Mission in Bardai, 
found some Trilobite traces ( Cruziana) 
south of Wour at Ehi Dao Minetto and 
about 600 meters below the top of these 
sandstones. These traces, according to 
Seilacher (TU.bingen University; personal 
communication), a re typical of early Ordo
vician time. Even if this age is correct, most 
of the sandstone exposed at the western, 

Fig. 8 Folded 'Jibesl ian Suj;erieur north of Aozou (Tibesti). 

southern and eastern edges of Tibesti can 
still be of Cambrian age as most of these 
strata underlie the sequence which contains 
the possibly Ordm·ician Cruziana. 

The age of the sandstone exposed at 
Bardai is more difficult to determine because 
the sandstone plateau is isolated. It is 
separated from the Cambrian and/or Ordo
vician exposures further to the v,rest by lava 
and ash so that no direct surface mapping 
is possible. Wacrenier and his collaborators 
mapped the strata under the term "Nubian" 
because they found silicified wood on the 
sandstones. They also mapped the sandstone 
plateaus northeast of Aozou as Nubian, but 
in the author's opinion, these outcrops are 
clea rly rela ted to the Cambrian and/or 
O rdovician strata exposed farther east and 
wes t. The B a r cl a i S an d s ton e is light
brown to reddish colored, fine-grained to 
conglomeratic, m assive and cross-bedded 
(Fig. 5), intercalated with red siltstone and 
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silty shale, particularly m the middle part 
of the section. The formation is a t least 
300 m thick . Near Bardai , the sandstone 
unconfo rmably overlies folded Precambrian 
rocks of the Tibestien Superieur and is over
lain by \'olcanic flows and ashes of late 
Tertiary to Quarternary age . Nevertheless, 
there is serious doubt concerning the strati
graphic position of the Bardai Sandstone. 
From the morphological point of view, it 
seems to be only a plateau separated by lava 
flows from the escarpments of Cambrian and 
Ordovician beds in the eastern Murzuk 
basin. On the other hand, there is some 
difference in lithology between the Bardai 
Sandstone and the Cambrian and O rdovician 
age strata farther to the west. At Bardai 
and particularly along the road to Aozou, 
several beds of red siltstone and red sand
stone . can be observed. Such red colored 
beds arc seldom found in the Cambrian and 
Ordovician age strata. Silicified wood found 
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Fig. 4 Col're!ation chart for rnutlzern Libya and northern Chad. 

at the surface may ongmatc from younger 
deposits and is no age-criterion as long as 
it is not within the Bardai Sandstone. 

There are two major periods of v o 1-
c an i c ac tivit y in the Tibesti (Wacre
nier 1958). The older period is very pro
bably of la te Tertiary age while the younger 
is Quarternary to Recent. The volcanoes of 
the older period are eroded (Fig. 6) while 
the younger ones have nearly unchanged 
shapes (Fig. 7). Lam of the older period is 
dominantly basalt and andesite, but also 
rhyolite, ignimbrite and less frequently 
trachyte and phonolite. 
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The younger period of Tibes ti volcanism 
star ted with ash tuffs and ignimbrites of 
trachytic to rhyolitic composition. These 
very soft rocks cover large areas, particu
la rly around Ehi Tousside and Tarso Voon. 
Black basalt lava flows which cover some of 
the older yolcanoes in the eastern part of 
the Tibesti are generally younger. The an
desitic lava flows forming Mount Tousside 
near Trou au Na tron are of recent origin. 
Active mud volcanoes and fumaroles are 
known from Soborom at the western flank 
of Tarso Voon. They are the last signs of 
volcanic activi ty in the Tibesti. 

Fig. 5 Brmlai Sandsto11e al Bardai (Sto/1 28). 

The different rnlcanic cycles of the 
younger period might possibly be dated 
using prehistoric artifacts. H. Ziegert has 
recently joined the German Mission at 
Bardai to study this problem. Ziegert has 
already established an artifact stratigraphy 
in eastern Fezzan ( 1964). 

THE SERIR TIBESTI 

See article by M. Furs t and J. C. Pratsch 
in this guidebook. 
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The central part of the Tibesti-Sirte uplift 
underlies the ex tensive plain of the Serir 
Tibesti. During Mesozoic time, Paleozoic 
rocks were largely eroded from the uplift 
and escarpments of Paleozoic strata were 
formed at the margins of the Kufra and 
Murzuk basins. The large peneplained area 
thus formed was la ter flooded by the early 
Tertiary marine transgression. 

Development of the Serir began when the 
sea retreated in early Eocene time. What 



little relief existed after the regression, such 
as basemen t islands in the Eocene sea, was 
levelled by water and wind erosion and 
sedimentation. Fine-grained elastic material 
deposited by water was later blown away 
by the wind. The Serir Tibesti is now 
covered by a desert pavement of gravel due 
to this deflation process (Fig. 8). The desert 
pavement protects the underlying material 
from further deflation, at least as long as 
water erosion does not des troy the present 
surface. 

Small escarpments, formed by Paleocene 
to Lower Eocene stra ta, mark the limits of 
the early Tertiary transgression. These es
carpments cut off most parts of the Serir 
Tibesti from a supply of fluvial material 
derived from the surrounding mountains. 
Mountain ranges surrounding the Serir 
Tibesti generally drain east, south and west, 
away from the Serir and into the Kufra and 
Murzuk basins. Drainage therefore generally 
follows the regional dip of the Paleozoic 
strata. The plain has a hammada-type 
surface due to the particular base level of 
erosion in the vicinity of the relatively small 
Tertiary escarpments. 

TUE DJEBEL HAROUDJ 

Djebel Haroudj is the largest basalt 
plateau in North Africa ; it is 350 kilometers 
long and 200 kilometers wide. Elevation of 
the Haroud j is less impressive; the highest 
peak, Garet el Graabia volcano is only 1180 
meters (3871 ft) high (Fig. 9). 

The position of Djebel Haroudj within 
the tectonic framework of Libya is clear. 
Most of the volcanoes are situated along 
either the southeast prolongation of the 
great fault which forms the southwest edge 
of the Hon graben or along several faults 
approximately parallel with the southwest 
edge of the early Caleclonian southern 
Haroudj uplift exposed north of Dor el 
Gussa (Stops 1 and 2) . The northeast ex
tension of the strongly faulted northwestern 
flank of the Tibesti-Sirte uplift also is of im
portance in the history of Djebel Harouclj. 
Volcanism occurred where the northwest 
trending faults mentioned above transect 
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these northeast trending faults. (Sec Fig. l.) 
During field investigations the author 

crossed the lava areas at several places and 
found six major generations of basalt flows. 
The two oldest generations (see Pl. 1) are 
nearly levelled by erosion, have relatively 
smooth surfaces and are generally accessible 
by Land Rover. The two middle generations 
have kept their original basalt flow relief, 
but the surface of the flows is weathered and 
the microrelief is eroded (Fig. 10). These 
flows have some restrictions to Land Rover 
travel. The two youngest generations are 
very recent, consist mainly of ropy lava and 
similar basalt flows and ha\'e extremely 
rough, relatively unweathered surfaces. One 
young generation, not related to the other 
six is limited to depressions and wadis of 
the older generations. This basalt is difficult 
to map, very dense, breaks to inaccessible 
clinker-fields and exists primarily in north
ern parts of Djebel Haroudj. 

The petrographic composition of the lavas, 
normally vesicular olivine basalt, does not 
differ greatly between major generations . 

Volcanic ash is not generally preserved 
except at the volcanoes themselves. Many 
of the very young volcanoes have produced 
ash as none of the volcanoes visited by the 
author produced much lava. It seems that 
much of the basalt in Djebel Haroudj came 
from fissures. Typical strato\'olcanoes with 
well preserved era ters occur in the central 
part of Djebel Haroudj (Fig. 9). Most 
larger volcanoes are the shield type (Fig. 10) 
and most preserved volcanoes are related to 
very late volcanic activity. 

THE WESTERN PART OF 

K UFRA BASIN 

The author and geologists from other oil 
companies have checked the Libyan part of 
the western Kufra basin, but to elate a 
detailed investigation has not been published. 
The southern Kufra basin in the Republic 
of Chad was studied by geologists of ERP 
and SNPA under J. de Lestang who recently 
presented a paper about this area at the 
annual meeting of the Deutsche Geologische 
Gcsellschaft in Hannover.. 

- - --------------------------------------------------,.. ·<.\ 

Fig. fi Pi/1e of eroded volcano , several hundred meters high. Between Aozott and Bardai, 

Fig. 7 Trou au Natrun, an eight km wide and 700 meters deefJ uater with an apf1roximately 180 meter high 
Ehi 7 ousside (3265 meters) in the background (Sto/1 30). 
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Fig. 6 Pi{Je of eroded i•olcano, sl'veral hundred meters high . Between Ao:ou and Ba.rrlai, Tibesti 

Fig. 7 T1·01t au N(ltro11, an eigltl km wide mul 700 meters dce/1 Cl'lll er wilh 011 r1p/1ro."<'imotely 18(} meter high volcano in tltc center. 
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Fig. 8 Serir Tibesti showing desert /1avement com/1osed of gravel and coarse sand. 

Fig. 9 Caret el Graabia, a young t•olcano in Djebel Haroudj. Highest j;eah of this area (1180 meters). 
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The Tibesti Mountains grade northeast
ward into Djebel Eghei and south-southeast
ward into the cuesta-type landscape of 
Bornou. These areas form part of the 
western flank of the Kufra basin. In both 
areas Cambrian and Ordovician age sand
stones are followed to the east and north
east by escarpments formed of Silurian, 
Devonian, Carboniferous and Mesozoic age 
rocks. Directly east of Emi Koussi con
tinental M esozoic rocks transgressively 
overlie the Paleozoic strata and are in direct 
contact with the volcanics of Tibesti. East 
and northeast of Uri, the continental 
Mesozoic rocks successively overlie Paleo
zoic strata until they rest directly on sand
stone of Cambrian and Ordovician age in 
northeastern Djebel Eghei. 

The stratigraphy of Paleozoic rocks in the 
western and southwestern Kufra basin is 
similar to that in the southern Murzuk 
basin. During most of the transgressive 
phases of Paleozoic time there was probably 
a connection between the two basins, at 
leas t south of the Tibesti. However, due to 
proximity to the stable African craton, 
facies in the Kufra basin are more sandy and 
the shale beds tend to be silty and less 
fossiliferous than equivalent beds of the 
Murzuk basin. 

The Cambrian and Ordovician age 
Z o u m a - T e d a - M o n c h a r F o r m a
t i o n s range up to several hundred meters 
in thickness and consist of sandstone units 
intercalated in the middle and upper part 
with siltstone and silty shale. The sandstone 
is white, brown or red, fine-grained to con
glomeratic, frequently cross-bedded and 
contains at some levels the trace fossils Cruzi
ana, H arlania and Tigillit es particularly in the 
upper portion of the group. To date, there is 
no recognized criterion for correlation of 
strata of Cambrian and Ordovician age in 
the western and southern Kufra basin with 
equivalent beds in the Murzuk basin, but as 
a whole, these formations are similar to the 
Gargaf Group of western Libya. (See 
Fig.4). 

The T a n e z z u f t S h a 1 e of Silurian 
age disconformably or unconformably over-
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lies the Cambrian and Ordovician sequence. 
The Tanezzuft ranges up to 160 meters in 
thickness and is comprised of shale, silty shale 
and fine grained sandstone. Within the shale 
there are rare occurrences of both graptolites 
( Climacograptus sp. a.o.) and trace fossils. 
The formation grades upward into a silty 
sandstone unit, up to about 100 meters thick, 
which at some localities contains H arlania, a 
trace fossil typically found in Ac a cu s 
S an cl s to n e of western Libya. Locally, the 
Acacus Sandstone equivalent is eroded as a 
result of late Caledonian movements. 

Overlying the Acacus Sandstone equiva
lent with slight unconformity is a sandstone 
sequence very similar to the Tad r art 
S a n d s t o n e of Lower Devonian age in 
western Libya. The sequence north of Uri 
comprises 80 meters of sandstone which is 
white to brown , fine to coarse-grained, cross
bedded, ferruginous and well cemented to 
poorly cemented and friable. 

The Tadrart Sandstone equivalent is over
lain by the B i n e m S a n d s t on e. The 
Binem Sandstone is more than 150 meters 
thick and consists of several meters of white 
silty shale and siltstone overlain by fine
grained, frequently silty, gray to brown sand
stone. The lower part of the sandstone unit 
contains abundant trace fossils such as 
S pirophyton, Cruziana and Tigillites, and 
rare plant remains. The Binem Sandstone is 
probably equivalent to the Uan Caza and/or 
the Aouinet Ouenine Formations of the 
Murzuk basin and should be of Middle to 
Upper Devonian age. 

The Carboniferous 0 u n g a S an d
s t o n e disconformably overlies the Binem 
Sandstone. The disconformity is marked by 
ferruginous sandstone beds. The Ounga 
Sandstone consists at the base of varicolored, 
fine-grained sandstone with plant remains 
( Licopodiales) and is overlain by ferruginous 
sandstone with marine fossils. (Sanguinolites 
variabilis, Chonetes cf. hardrensis, Camaro
toechia cf. pleurodon ( ?) , S chellwinella ( ?) 
and Syringopora ( ?) . The marine sandstone 
units are overlain by thin-bedded sandstone 
and silts tone. 

A much more complete section of Car-

boniferous strata is exposed along the track 
from Faya-Largeau to Tekro in the south
western Kufra basin in Chad. H ere the 
Carboniferous E d d e k i G r o up is 700 
to 800 meters thick and consists of fine 
to medium-grained sandstone interbedded 
with gray silty shale and minor limestone 
beds. The upper and lower portions of this 
group seem to be of continental origin whilst 
most of the strata in the middle arc very 
probably marine. Unfortunately, fossils arc 
rarely found. The lower sandstone beds 
contain fossil plants of lower Carboniferous 
age. Angular bedding of the sandstone in
dicates the Edcleki Group had a southern 
source. (Fig. 11). 

East of Djebel Eghei the Paleozoic rocks 
are truncated by the continental Ku fr a 
S e r i e s of M esozoic age. This is a sequence 
of fine to coarse-grained sandstone and con
glomerate interbedded with multicolored 
silty shale. The sandstones are white, red or 
brown, generally massive, cross-bedded and 
they contain abundant silicified wood 
( Dadox)1lon). The thickness of these strata 
eas t of Djebel Eghei reaches 300 meters or 
more. No detailed study of the Kufra Series 
in the western Kufra basin has been 
published. Continental Post Tassilien strata 
as shown on the geological map of Libya 
(1 : 2,000,000 by Conant and Goudarzi) are 
thought not to be present . It is probable 
that there are no equivalents of the con
tinental Post Tassilien section east of Djebel 
Eghei. According to de Lestang ( 1965), 
the continental Post Tassilien equivalent and 
the lower part of the Kufra Series wedge 
out in the southwestern Kufra basin. H ere 
the middle and upper parts of the Kufra 
Series progressively truncate Post Tassilien 
and Paleozoic strata towards the north
northwest. The Kufra Series eas t of Djebel 
Eghei is probably equivalent to the Tekro 
F orma ti on. (See below) . 

We now have detailed knowledge of the 
continental sequences overlying the Car
boniferous strata in southwestern Kufra 
basin from inves tigations carried out by de 
Lestang and others. The following forma
tions were mapped from bottom to top along 
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the track from Faya-Largeau to Tekro. The 
author has travelled this route under the 
friendly guidance of Mr. Surin and Mr. 
Vernhe of SNPA. 

M a cl ad i F or m a ti o n, probably equi
valent to the continental Post Tassilien, 
disconformably overlying continen tal Car
boniferous strata and unconformably over
lain by the Soeka Formation; consists of 
silty shale, multicolored, overlain by sand
stone, red to brown; fine to medium-grained, 
partly quartzitic, 50 to 100 meters thick. 

S o e k a F o r m a t i o n, unconformably 
overlying the Madadi Formation, consists 
of sandstone, white to multicolored, partly 
rich in kaolin, fine to, less frequently, coarse
grained, massive, cross-bedded with inter
calations of multicolored silty shale at the 
base; approximately 300 meters thick. 

L a k e F or m a ti on (Formation des 
Lacs), sandstone, fine-grained, white to 
brown, rich in kaolin, well-bedded. The 
lower 30 to 40 meters consist of red silty 
shale which dams the water of the large 
lakes at Ounianga Chebir and Ounianga 
Serir. Total thickness is approximately 200 
to 250 meters. 

0 uni an g a Formation, sandstone, 
white to multicolored, fine to medium
grained, less frequently coarse-grained to 
conglomeratic, partly clayey, massive and 
cross-bedded, thin red shale intercalations 
at the base. Total thickness approximately 
400 meters. 

C h i e u n F o r m a t i o n, shale, multi
colored, silty, with lenses of limnic lime
stone, thickness 20 to 40 meters. 

Te k r o F o rm a ti on, sandstone, white, 
red and brown, medium-grained to con
glomeratic, massive, cross-bedded, con
taining abundant silicified wood (Dado
xylon). Total thickness probably more than 
400 meters. This formation seems to be the 
youngest in the Kufra basin. 
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Fig. 11 Bedding ty/Jical of sandstones in southern Kufta basin. Carboniferous Eddehi Grou/J. 

Fig. 12 Northeast trending ridges and defn·essions formed by wind erosion, southwestern Kufra basin. 
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The age of the different continental for
mations is unknown. The Madadi Formation 
can theoretically be as old as uppermost 
Carboniferous; it is possibly of Permian or 
Triassic age. In the Murzuk basin, the 
uppermost part of the continental Mesozoic 
sequence is unconformably overlain by strata 
of Upper Cretaceous age. Plant remains 
( Cladophlebis zaccagnai a.o., Klitzsch 1963) 
indicate that the middle part of the Messak 
Sandstone at Djebel Ben Ghnema belongs 
in the Wealden stage of the Lower Creta
ceous. The Tekro Formation in the Kufra 
basin has the facics and plant content most 
similar to the Messak Sandstone of the 
Murzuk basin. However, it is possible that 
the Tekro Formation ranges from Jurassic 
to Lower Cretaceous or Upper Cretaceous 
age. 

The t e c t o n i c s o f t h e w e s t e r n 
K u f r a b a s i n are less pronounced than 
tectonics along the east flank of the Murzuk 
basin. Nevertheless, approximate north
northeast trending block faults are present 
along the eastern flank of the Tibesti uplift. 
North-northwest trending faults (mainly of 
Caledonian age) and some north trending 
faults can also be observed. Morphologically 
north-northeast trending cleavage and faults 
with little deplacemen t are very important, 
especially at Borkou in southwestern Kufra 
basin where wind eros10n follows these 
tectonic directions. A narrow system of 
northeast trending ridges and depressions 
(Fig. 12) illustrate the intensity of wind 
erosion in arid areas where the dominating 
tectonic elements strike along the main wind 
direction (NE-passat or passatwind = trade 
wind). 

CHARACTE RISTICS OF STRUCTURAL 

ELEMENTS SHOWN ON FIGURE 1 

Akhdar Uplift 

A westerly trending hig·h formed in late Mesozoic 
to early Tertiary time within a similar trending 
trough of early Mesozoic age. 

Ben Ghnema Trough 

A north-northeast trending trough with a rela
tively thick section of Carboniferous age strata. 
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The trough axis very probably migTated north
westward during early Mesozoic time forming· the 
Sebha trough. 

Borku-Kufra Trough 

A north east t rending trough with a thick sequence 
of manne to continental Carboniferous and 
continental Mesozoic strata. 

Calanscio-Auenat Uplift 

A north-northwest trending high, Hercynian to 
Mesozoic age in its northern part, Caledonian m 
its southern part. 

Cyrenaica Platform 

A stable shelf area formed over a westerly 
trending Paleozoic basin. 

Dor el Gussa Trough 

A north-northwest trending trough formed in late 
Caledonian time and containing a thick section 
of Silurian age rocks. 

Ennedi-Auenat Uplift 

A northeast trending high overlain by a relatively 
thin section of marine and continental Carboni
ferous and continental Mesozoic age strata. 
Sparse data available. 

Gargaf Uplift 

A west-southwest trending high with Hercynian 
and younger erosion. Caledonian erosion took 
place where the Gargaf uplift crosses the Tibesti
Tripoli uplift. 

Homr a Pl a tform 

A stable shelf area formed over a westerly 
trending Paleozoic basin. 

Hon Graben 

A north-northwest trending graben of Cretaceous 
to Terti ary age. It is the westernmost structural 
clement of the Sirte basin. Knetsch (1950) intro
duced the term "Djofra graben" which has priority 
but is rarely used in Libya. 

Kufra Basin 

A large sedimentary basin formed by structural 
elements of varying trends and ages from Caledo
nian through Hercynian and younger. Paleozoic 
strata is partly marine while Mesozoic strata is 
entirely continental. 

Murzuk Basin 

A large sedimentary basin formed by north-north
west trending Caledonian structural elements and 
north-northeast trending Hercynian to younger 
structural elements. Paleozoic strata are pre
dominantly marine while Mesozoic sediments are 
mainly continental. 



Murzuk-Djado Trough 
A northwest trending stable zone which probably 
was downwarped during Caledonian, Hercynian 
and younger eras. Parts of this trough, particularly 
in the southeast, indicate early Hercynian erosion. 

Nefusa Uplift 

A westerly trending high of Hercynian age with 
partial to complete erosion of pre-Permian strata. 

Sebha Trough 

A northeast trending trough with thick continental 
strata of Mesozoic age. The downwarp was active 
until Eocene time. Escarpments composed of 
Upper Cretaceous to Eocene rocks extend from the 
northeastern part of the trough southwestward, 
where they cross the trough axis. 

Sirte Basin 

Unstable part of North African shelf. Hetero
geneous system of generally north-northwest 

trending· synsedimentary grabens and horsts of 
Cretaceous to Tertiary age. Upper Cretaceous to 
Miocene transgression covered the area. 

Southern Haroudj Uplift 

A northwest trending hi gh probably originating in 
early Caledonian time. Complete erosion or non
deposition of Paleozoic sediments is evidenced 
west of southern Haroudj (Stops 1 and 2, road log 
of this guidebook). To the southwest, Cambrian 
strata dip southwestward at 20-40 degTees (Stop 8, 
road log of this guidebook). Intensive volcanic 
activity occurred along fault zones parallel with 
the uplift axis. Possibly the uplift extended 
originally into the western Kufra basin. 

Uri Trough 

Northwest trending trough with a relatively thick 
section of Silurian to Devonian age strata. Limited 
data, pm•sibly southeastern prolongation of Dor el 
Gussa trough. 
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GEOLOGY OF THE NORTHEAST FLANK 

OF THE MURZUK BASIN 

(Djebel Ben Ghnema-Dor el Gussa area) 

by 

EBERHARD KLITZSCH 

(DEA-Libya) 

INTRODUCTION 

This article is a review of a paper pub
lished by the author in Revue de l'Institut 
Frarn;ais du Petrole, 1963, Vol. 18, No. 10 
and 11, after being presented at the First 
Saharan Symposium sponsored by the Petro
leum Exploration Society of Libya, Tripoli, 
1963. 

The Dor el Gussa-Djebel Ben Ghnema 
area is situated in the northern part of the 
east flank of the Murzuk basin and was 
mapped by the author from 1959-1961. 
Geologists of other companies inspected the 
area concerned, at approximately the same 
time, and probably obtained similar results 
(for example Jacque, 1963). 

The principal points 
of interest are: 

Almost all formations found at the west 
flank of the Murzuk basin are also present 
in similar facies in the area concerned. 
Transgressions of the sea in Silurian, Devo
nian and Carboniferous time evidently 
covered the area mapped. Marine sedi
mentary rocks of these ages have also been 
found further east in the Kufra basin. 

The following distinct angular uncon
formities or stratigraphic breaks have been 
identified: 

a) Between strata of Cambrian and 
Ordovician age; 

b) Between the Melez Chograne Shale and 
Memouniat Sandstone both of Ordovi
cian age; 
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c) Between Silurian and Lower Devonian 
age strata; 

d) Between strata of Upper Devonian and 
Carboniferous age; 

e) Between Carboniferous and Post Tas· 
silien strata; 

f) Between Post Tassilien rocks and Messak 
Sandstone (Nubian Sandstone). 

Some paleogeographic conclusions about 
the northeast Murzuk basin are based on 
these observations (Furst and Klitzsch, 
1963). 

A deep but limited Paleozoic trough has 
been found in the northern Dor el Gussa 
(Fig. 13). 

A. T H E M 0 R PH 0 L 0 G I C AL UN I T S 

The area shown on the geological road 
log map (Pl. 3) may be divided into several 
morphological units which are largely depen
dent on geological factors. The most im
portant morphological elements are the big 
plateau of Djebel Ben Ghnema with ari 
escarpment of up to 300 meters high along 
its east flank and the mountains of Dor el 
Gussa which are inaccessible in the northern 
part. Between Djebel Ben Ghnema and Dor 
el Gussa, as well as north and east of these 
two areas, are large plains subdivided in 
part by escarpments formed from rocks of 
Cretaceous and Tertiary age (for example 
Dor el Msid). Spurs of the large dune area, 
Erg of Murzuk, reach from the west as far 
as 35 km east of Tmessa. Basalt flows of 
the Haroudj cover large areas. The flows 
have their origin in more central parts of 
Djebel Haroudj. 



B. STRATIGRAPHY 

\'\'hen fi eld reconnaissance started in the 
winter of 1958- 1959, little was known about 
the stratigraphy of large parts of the area. 
A. Desio (1935 ; 1936) and M. Lelubre 
(1949; 1952 ) occasionally mention se\·eral 
stratigraphic units in the area concerned, 
but their data are partially erroneous. There
fore, it was not possible to base the strati
graphic subdiYision on former reconnais
sance work. In the "Lexique Stratigraphiquc 
International IV a, Libye" published in 
1960, referring to Desio (1935; 1951), most 
of the Paleozoic strata of the Dor el Gussa 
is ten tatively placed in the Lower Car
boniferous (Dor el Gussa Sandstone), where
as Cambrian to Upper Deyonian is presen t. 
The Carboniferous crops out west of Dor el 
Gussa. 

From 1958 to 1960, the area of Djebel 
Ben Ghnema and Dor el Gussa was ex
plored by geological field parties of various 
petroleum companies. The primary aim was 
to obtain, by studying the Paleozoic rocks 
in the border zone of the Murzuk basin, an 
idea about stratigraphy and facies in the 
basin itself. Upper Cretaceous and Tertiary 
age rocks were studied mainly by M. Furst, 
DEA-Libya . (See ar ticle by K. Gohrbandt, 
this guidebook.) 

1. Prec a mbri an (basement). 

North of D or el Gussa, in an area ap
proximately 25 km long by 5 to 14 km 
wide, coarse granite crops out (Stop 1). The 
granite is partly co,·ered by intensely folded 
slaty metamorphics in a northsouth trending 
narrow hilly zone (Stop 2). To the north
west, unconformably on top of the meta.
morphics, is conglomeratic sandstone of 
possible Cambrian age. The granite is 
penetrated by numerous quartz, pegmatite 
and aplitc dikes which are up to several 
kilometers long. T he quartz as well as the 
pegmatite dikes in part transect the meta
morphic rocks, but not the sedimen tary 
rocks. Thus the granite is older than these 
sedimentary rocks, but most probably 
younger than the metamorphics. The la tter 
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consist predominantly of normally dark-gray 
quartzite and siliceous slate. Metamorphism 
occurred before the Cambrian. The Precam
brian rocks north of Dor el Gussa arc 
similar to the Tibestian Supfrieur of the 
Tibesti, which is probably of Algonkian age. 

2. C am b r i an (Hassaouna Sandstone). 

The Hassaouna Sandstone of probable 
Cambrian age (type-locality in D jebel 
Gargaf) is predominantly a continental, 
unfossilifrrous sandstone sequence uncon
formably overlying folded Precambrian and 
overlain unconformably by Ordovician 
strata. 

North of Dor cl Gussa arc scattered out
crops of Hassaouna Sandstone directly on 
metamorphic or granitic rocks of Precam
brian age. H assaouna Sandstone also out
crops at the north edge and along the whole 
east flank of Dor el Gussa. In an isolated 
crest approximately 5 km northeast of the 
mountain chain, 600 meters of sandstone 
crop out. In the lower half of the outcrop 
the sandstone is very conglomeratic and 
includes numerous clasts of the metamorphic 
basement (quartzite, quartz, siliceous slate). 
The sandstone is thick-bedded to massive, 
cross-bedded and frequently cemented by 
kaolin, probably due to the decay of the 
abundant feldspar in the rock . The upper 
beds of the Hassaouna Sandstone at this 
locality dip towards the southwest under the 
alluvium of the Wadi Gussa. 

South of the W adi Gussa at the north 
flank of Dor el Gussa, another 1100 meters 
of Hassaouna Sandstone crop out in the 
escarpment. It is definitely less conglom
eratic than the sandstone of the isolated 
crest northeast of the Wadi Gussa and is 
most probably younger. It is fine to coarse
grained throughout, in parts weakly con
glomeratic, normally massive, cross-bedded, 
generally with kaolin cement, and has high 
feldspar content. The beds dip 20 to 45 
degrees southwest. In the mountains Or
dovician age strata dipping only 5 degrees 
southwest unconformably overlie the Has
saouna Sandstone. At the north edge of Dor 
el Gussa, the Hassaouna Sandstone has a 

m1111mum thickness of 1700 meters. Jacque 
( 1963) believed that the upper part of this 
section is equivalent to the H aouaz Sand
stone. Evidently .Jacque did not see the ex
posures of the real Haouaz equivalents at 
16° +3' E and 25° 58' N as described below 
under Haouaz Sandstone. 

Along the east flank of the mountain chain, 
a distinct angular unconformity between 
Cambrian and Ordovician has not been 
observed. In this area the Ordovician Melcz 
Chograne Shale, a distinct marker, is 
usually missing, consequently, it is difficult 
to differentiate between rocks of Cambrian 
and Ordovician age. Therefore, south of 
latitude 25° 48' N the rock sequences were 
mapped as Cambrian and O rdovician . 

3. 0 r cl o vi c i an. 

The type-localities of the three forma
tions of Ordm·ician age are in the west part 
of Djebel Gargaf; there a Middle O rdovician 
fau na was found in the M elez Chograne 
Shale (Collomb, 1962). The three Ordo
vician age formations can be distinguished 
in a narrow stretch south of, and parallel 
with the Hassaouna Sandstone at the north 
flank of Dor el Gussa. Their thicknesses, 
however, are less than a t the type localities. 

a. Haouaz Sandston e 

In the northwest part of the outcrop of 
Ordovician age rocks, approximately 16° 43' 
E and 25° 58' N, Haouaz Sandstone overlies 
the Hassaouna Sandstone with an uncon
formity of 20 and more degrees. The H aouaz 
Sandstone is a sequence of thin to thick
bedded, fine-grained quartz1t1c sandstone 
containing abundant Tigillit es sp. and other 
trace fossils (i.e. H arlania sp.). Badly pre
sen·ed casts of brachiopods and bivalves were 
found. The Haouaz Sandstone is here 
approximately 50 meters thick and wedges 
out to the southeast between the Hassaouna 
Sandstone and the Melez Chograne Shale. 
Apparently, the Haouaz Sandstone is missing 
in the major part of the eastern Dor el Gussa. 

b. Melez Chograne Shale 

The Haouaz Sandstone is overlain by the 
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M elez Chograne Shale which is up tu 25 
meters thick. In the eastern part of northern 
Dor el Gussa, Mclez Chograne Shale over
lies the Hassaouna Sandstone with an un
conformity of up to +O degrees (see Figures 
36 and 37). The Melez Chograne Shale is 
silty to sandy, gray and red, and conta ins 
ma ny intercalated fine-grained sandstone 
beds. No fossils were found except for traces 
of doubtful casts. The Melez Chograne 
Shale, like the Haouaz Sandstone, is missing 
in most parts of the east flank of Dor el 
Gussa. Jacque ( 1963, p. 21) introduced the 
term Emi DaOLm Formation for these strata. 

c. M emouniat Sandstone 

A highly ferruginous sandstone bed 
approxima tely 2 meters thick which passes 
latera lly into nearly pure hematite indicates 
a stratigraphic break between the M elez 
Chogranc Shale and the overlying M em
ouniat Sandstone. Towards the southeast, the 
Memouniat Sandstone lies directly on the 
Hassaouna Sandstone with an angular uncon
formity of 25 to 40 degrees. The M emouniat 
consists of fine to coarse-grained, in part 
conglomeratic, often cross-bedded sandstone 
partly containing Tigillites sp. and reaches 
a thickness of about 30 meters. It is possible 
that the M emouniat Sandstone extends into 
the Lower Silurian ( Collomb, 1962). 

Jacque (1963, p. 21) introduced the term 
Dor el F a tta Formation for this sandstone, 
at Dor el Fatta scarp, however, only Has
saouna Sandstone is exposed. 

4. Si 1 u r i an 

The type-localities for the Tanczzuft Shale 
and Acacus Sandstone, both Silurian in age 
are situated on the west flank of Murzuk 
basin a t \i\T a.di Tanezzuft between Ghat and 
Serdeles, and Djebel Acacus east of Ghat 
(Kilian, 1928; Desio, 1936). It was only in 
the course of oil exploration field work in 
1958 and 1959, that geologists of various 
companies found Silurian age rocks in the 
northern Dor el Gussa. During our mapping 
work, we were able to follow the T anezzuft 
Shale to the south approximately as far as 
latitude 25 ° 10' N. 



a. T anezzuft Shale 
In northern Dor el Gussa, Memouniat 

Sandstone is overlain possibly conformably, 
by Tanezzuft Shale. In this region the 
Tanezzuft Shale is gray, about 160 meters 
thick and intercalated in the lower and 
upper thirds with numerous beds of fine
grained sandstone. The Tanezzuft Shale is 
especially well exposed in a large steep walled 
valley at approximately 25° 55' N and 
16° 45' E (Stop 8). At this locality, well pre
served in all parts of the section, are grap
tolites associated, especially in the middle 
third of the section, with numerous ortho
ceras and some bivalves. The following grap
tolites were found approximately 100 meters 
above the bottom of the Tanezzuft Shale: 
Climacograptus scalaris scalaris ( Hisinger), 
C. scalaris normalis ( Lapworth), Cr')lpto
graptus sp. aff. tamariscus (Nicholson). 
Based on the graptolites, the locality belongs 
in zone 19 of the English subdivision 
(Llandovery). Silurian faunas younger than 
Llandovery are not known from the Dor el 
Gussa. 

Along the east flank of the mountain chain, 
the Tanezzuft Shale consists of a rhythmical 
alternation of pure and silty shale with clayey 
siltstone and silty sandstone. 

Near the track from El Gaf to Uau el 
Chebir at approximately 25° 33' N and 16° 
29' E, the Tanezzuft is predominantly shale 
with relatively little silt and sand, but owing 
to erosion during early Devonian or late 
Silurian time the thickness is very much 
reduced. At this locality Lower Devonian 
Tadrart Sandstone lies with an uncon
formity of 3 to 5 degrees on the middle part 
of the Tanezzuft Shale. The upper part of 
the Tanezzuft Shale and the entire Acacus 
Sandstone are missing (S top 12a). 

The thickness of Tanezzuft Shale is pro
gressively reduced southward. At about 
25° 11' N and 16° 24' E, in a narrow and 
very steep ravine at the bottom of an escarp
ment, the thickness is approximately 40 
meters. Here overlying the rocks of Cambrian 
and Ordovician age are exposed 28 meters 
of very shaly sandstone overlain by 12 meters 
of slightly silty shale. In this shale section 
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the author found the following graptolites: 
Climacograptus medius (Tornquist), C. 
rectangularis ( M'Coy), C. scalaris scalaris 
(Risinger), Glyptograp tus sinuatus (Nichol
son). This fauna is also within zone 19 of the 
English subdivision, (middle Llandovery). 
There are also numerous ostracods in some 
beds. At this locality the T anezzuft is uncon
formably overlain by Tadrart Sandstone of 
Lower Devonian age. In the lowermost 
sandstone bed are found plant prints charac
teristic of the Tadrart Sandstone. 

Some distance southward, north of Mouri 
Ide, are the next localities of Silurian Shale 
which can be clearly recognized as such. 
Probably between approximately 25° N and 
24° N most of the Silurian strata were 
eroded before or during the ea rly Devonian. 

b. Acacus Sandston e 

Within the area concerned, the Acacus 
Sandstone occurs only in the Paleozoic 
trough of the northern Dor el Gussa. Its 
outcrop extends from the north flank of the 
mountain chain southward to about 25° 
38' N. From the center of the basin outward, 
the Tadrart Sandstone of Lower Devonian 
age lies with a clear unconformity on pro
gressively older parts of the Acacus Sand
stone, and finally at approximately 25° 
38' N, directly on the Tanezzuft Shale. 

The Acacus Sandstone is distinguished 
from the Tanezzuft Shale by gradual change 
of the predominant shale lithology into the 
predominantly sandy-silty strata of the lower 
Acacus Sandstone. An unconformity or in
dication of a stratigraphic break was not 
observed in the Dor el Gussa. Since the 
Tanezzuft Shale belongs to the Llandovery, 
the overlying Acacus Sandstone is placed in 
younger stages of the Silurian. From the 
Acacus Sandstone of the Dor el Gussa we 
only find numerous trace fossils like 
H arlania harlani (Conrad) and Cruziana sp. 
which are also known in the Acacus Sand
stone from all marginal zones of the Murzuk 
basin. When occurring in abundance, these 
forms are used as a correlation criterion 
within the Murzuk basin. They have, how
ever, no value as stratigraphic key fossils as 

they also occur 111 Ordovician and 111 

Devonian age strata, but with less fre
quency. 

In the northern Dor el Gussa, the Lower 
Acacus consists of approximately 65 meters 
of a rhythmical alternation of clayey 
siltstone with predominantly silty, thin
bedded, fine-grained sandstone and some 
shale beds. Fossil traces are abundant. In 
the upper part of this basal 65 meters are 
some thick-bedded sandstones, fine to 
medium-grained, in part cross-bedded, and 
grading upward into a massive sandstone, 
fi ne to medium-grained in part slightly 
conglomeratic. This upper massive sandstone 
is very light-colored, nearly always cross
bedded and with a few thin, shaly siltstone 
layers partly containing H arlania sp. The 
clean, cross-bedded sandstone unit is prob
ably fluviatile-continental in origin. In the 
center of the northern Dor el Gussa trough, 
at about 25° 45' N and 16° 35' E, this mas
sive sandstone is approximately 400 meters 
thick decreasing north and south as the 
unit is unconformably overlain by the 
Tadrart Sandstone. 

The maximum thickness of the Acacus 
Sandstone is 465 meters in the northern Dor 
el Gussa. The maximum thickness of the 
entire Silurian in this area is approximately 
625 meters. 

5. Devonian 

The type-localities of the three lithostra
tigraphic units of Devonian age in the 
Murzuk basin, the Tadrart Sandstone, Uan 
Caza Formation and Aouinet Ouenine 
Formation, are at the west and north flank 
of the basin. In Djebel Tadrart and the east 
part of Djebel Acacus east of Ghat, the 
Silurian Acacus Sandstone is unconformably 
overlain by the Tadrart Sandstone which 
is probably continental in its lower part 
and marine near the top (see Klitzsch, 
1965). The Tadrart Sandstone is conform
ably overlain basin ward at W adi U an Caza 
by marine shale and sandstone, the Uan 
Caza Formation, with fauna of Middle 
Devonian age. The Tadrart Sandstone is 
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placed, in accordance with its position in the 
Polignac basin, in the Lower Devonian 
(probably Siegenian). 

In parts of the north flank of Murzuk 
basin, between Edri and Aouinet Ouenine, 
these two Devonian formations are missing. 
Then the Ordovician or the Silurian units 
are overlain by an alternating sandy-shaly 
section with brachiopods of Givetian - or 
youngest Couvinian age at the bottom 
( Collomb, 1962). In higher parts of this 
section S pirifer verneuilli Murchison, occurs 
frequently along with numerous other 
brachiopods. These beds of Middle to Upper 
Devonian age are overlain at the type
locality, Aouinet Ouenine, by shale and sand
stone of Lower Carboniferous age (with 
Spirifer tornacensis De Koninck and S')lringo
thyris cuspidata Martin) . 

At the east flank of the basin, equivalents 
of the three formations of Devonian age are 
lying on the Silurian. The Tadrart Sandstone 
seems to be partly continental in origin on 
both flanks of the basin. However, the 
equivalents of the Uan Caza and Aouinet 
Ouenine Formations show more continental 
influence on the east than on the west flank 
of the basin. 

The three formations described in the 
following are of Devonian age based on the 
facts that the Tadrart Sandstone lies with 
an unconformity on Silurian rocks and that 
the highest parts of the Aouinet Ouenine 
equivalents contain tentaculites which are 
unknown from the Carboniferous. The 
uppermost parts of the Devonian strata with 
tentaculites are overlain by shale of the 
Lower Carboniferous which are rich in 
brachiopods (i.e. SJ1ringoth)1ris cuspidata 
M artin ) . The position of the three Ji tho
s tra tigraphic units within the Devonian, 
however, is not sure, due to the absence of 
key fossils. 

a. Tadrart Sandstone 

In Dor el Gussa thick-bedded to massive 
sandstone, fine-grained to conglomeratic, 
generally white to brown, and with numer
ous ferruginous beds unconformably overlies 



the Silurian at 1 to 5 degrees. (See Fig. 41). 
Plant fragments similar to LejJidodendron 
arc found in many parts of the Tadrart 
Sandstone. The thickness of the Taclrart 
Sandstone ranges from 415 meters (in the 
center of the northern Dor el Gussa trough) 
to 100 meters (in parts of the southern Dor 
el Gussa). 

The upper 35 to 55 meters of the Tadrart 
Sandstone are of marine origin. It is mostly 
thin to medium-bedded, fine-grained sand
stone, frequently with siliceous cement. 
Besides plant fragments similar to Lepido
dendron, most of the beds contain Tigillites. 
Poorly-presen·ed fossil fish are found on 
thin siltstone layers . Prior to a study of the 
geology at the type-locality along the west 
flank of the Murzuk basin, we correlated 
this s;rndstonc unit with the U an Caza 
Formation. In the type area of Djcbel Tad
rart, however, we found that the Upper 
Tadrart Sandstone is of marine origin and 
is similar to the Upper Tadrart Sandstone 
in the Dor el Gussa (Klitzsch, 1965). 

Jacque ( 1963, p. 29- 33) includes the 
marine upper part of the Tadrart Sandstone 
and the overlying equivalents of the Uan 
Caza Formation under the term Emi Magri 
Formation. 

b. Equivalent of the Uan Caza Formation 

In the western part of the Dor el Gussa 
the top of the Tadrart Sandstone is overlain 
by a 70- 120 meter thick unit composed of 
silty gray shale with siltstone and sandstone 
intercalations. This unit probably corresponds 
to the Uan Caza Formation because of its 
position within the Devonian and lithologic 
similarities. In the Dor el Gussa, howeYer, 
the unit has a higher silty shale and clayey 
siltstone ratio than at the west flank of the 
Murzuk basin and it contains fewer fossils. 
Crinoid fragments, corals and bivalves, a 
few specimens of Lingula sp., Discina sp. and 
bone plates of placodermes (Arthrodirea and 
Antiarchia) were found. On the clayey silt
stone and on some fine-grained sandstone 
beds are abundant trace fossils, of which 
S jJiro phyton sp. is typical. 
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c. Equivalent of the 
Aouinet Ouenine Formation 

Overlying the predominantly clay-silty 
shale cqui\·alent of the Uan Caza Formation 
in the western part of the Dor cl Gussa is a 
thin to thick-bedded, fine-grained sandstone 
(Fig. 39) with numerous trace fossils, for 
instance Tigillites sp. and casts of plants 
similar to Lepidodendron. Intercalated silty 
shale layers up to 10 meters thick are as 
barren as the sandstone. ' 1\lithin this unit, 
particularly the middle and upper portion, 
occur fine to medium-grained cross-bedded 
sandstone in beds up to several meters thick. 
These sandstones suggest continental in
fluences in parts of the Aouinet Ouenine 
Formation at the eastern flank of the basin. 
Sandstone in the upper part of the formation 
is again clearly of m arine origin. Here the 
rocks contain tentaculites and numerous 
trace fossils like Bifungites f ezzanensis Desio. 
Bifungites is also typical for parts of this 
formation at the type-locality of Aouinet 
Ouenine. The value of this problematic 
fossil as a key fossil , however, is definitely 
limited, as these forms a rc found together 
with graptolites in the Silurian of the Dor 
el Gussa and the western Kufra basin. 

The thickness of the unit equivalent to 
the Aouinet Ouenine Formation along the 
west flank of the Dor el Gussa ranges from 
140 to 310 meters. 

On the whole, one can notice a litho
logical similarity between the Aouinet 
Ouenine Formation at the type-locality 
near Aouinet Ouenine and outcrops of Dor 
el Gussa. In the Dor cl Gussa, howeyer, the 
shale content is reduced and continental 
sandstone is intercalated . The non-continen
tal rocks are perhaps for a large part of 
brackish-water origin. This may explain the 
general absence of fossils. Furthermore, it 
seems that the upper part of the Aouinet 
Ouenine Formation is m1ss111g at the 
eastern Murzuk basin because of early Her
cynian uplift. Jacque ( 1963, p. 33-34) calls 
the Aouinet Ouenine equivalents J\ifeere
schcma Formation. The top part of this 
formation contains tentaculites, which are 
only known until middle Upper Devonian 

time, it is therefore unlikely that the 
Aouinet Ouenine Formation (Jvlecreschema 
Formation) reaches Tournaisian, as J acquc 
belieyes. 

. Carboniferous 

The Carboniferous occurs 111 a 40 km 
wide plain (Serir es Sebaa) and cliscon
formably overlies the De\'onian age sand
stone characterized by ten taculites, which 
are present in the west flank of the Dor el 
Gussa. At the cast flank of the Djebel Ben 
Ghnema, strata of Carboniferous age arc 
covered by rocks of continen ta] origin of the 
Post Tassilien and the M essak Formation. 

The Carboniferous series of rocks was 
first described by Desio ( 1936) and partly 
placed in the Lower Permian. Rossi ( 1939) 
and Lelubre ( 1952), howeYer, placed these 
strata in the Carboniferous; Rossi in the 
W estfalian and Lelubre in the Visean. In 
fact, the Carboniferous between Dor el 
Gussa and Djcbel Ben Ghnema consists of 
possibly Middle Tournaisian, Visean, Na
murian and possibly Westfalian rocks (Plau
chut, 1960; Jacque, 1963; Klitzsch, 1963). 

The overall thickness of the Carbonife
rous at latitude 25° N is approximately 
l 000 meters. At some localities further north 
only the two lower units of the Carboni
ferous are relatively well exposed. In general 
the upper portions of the Carboniferous 
wedge out northeastward below the Messak 
Sandstone. 

a. Mrar Formation, Basal Shale Unit 
(?Middle Tournaisian to Vise an) 

In many places along the west flank of 
Dor el Gussa a conglomeratic sandstone bed 
approximately 1 meter thick, locally with 
numerous bone fragments, directly overlies 
the De\'onian age sandstone characterized 
by tentaculites. Above the conglomerate all 
along the west flank of the Dor el Gussa is 
a consistent shale section of up to 120 meters 
in thickness. The shale is partly silty, mostly 
green-gray, partly bituminous, and contains 
numerous brachiopods, especially Chonetes, 
Camarotoechia and Lingula, crinoids, bi
\'alves, and sporadic spirifers. About 10 
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meters above the bottom of this section 1s a 
fossiliferous limestone bed which contains 
numerous Syringothyris cusjJidata Martin, 
among others. 

b. 1\1rar Formation .. kfarine Shale and 
Sandstone with Plants (Visean ) 

Overlying the basal shale is a 260 meter 
thick rhythmical alternation (Fig. 42) of 
shale contammg brachiopods, and fine
grainecl, fine-bedded sandstone, in which 
casts of plants are locally abundant. This 
unit is not as uniformly developed as the 
shale at the base of the Carboniferous. In 
the sollth at 25° N nearly half of the unit 
is still shaly, while at the northwest flank of 
the Dor cl Gussa, at approximately 26° N, 
it is more than 75 percent sandstone or silt
stone. In a ferruginous siltstone facies at 
about 26° N and 16° 30' E we found Ortho
ceras sp., C amarotcechia sp., Productus 
costatus Sowerby, P. semii·eticulatus Martin, 
S j1irif er sp., Me galodus sp. In the sandstone, 
the following plants occur: Lcpidodendron 
losseni 'Veiss, L. cf. volkmannianum Stern
berg, L. cf. ueltheimi Sternberg. In the sand
stone beds brachiopods (especially C honetes 
sp.) were also sporadically found. According 
to its fossil flora, the sandstone with plants 
is placed in the Visean. 

c. Equivalent of Assedjefar Formation, 
Upper Shale and Marl Unit 
(Visean to Namurian) 

In the southern part of the area concerned, 
at about 25 ° N, OYerlying the sandstone with 
plants is an alternating shaly marl unit up to 
420 meters thick in which sandstone beds 
are rarely intercalated. Limestone beds up 
to 3 meters thick are usually at the top of 
the marl. These limestone beds are nearly 
always fossiliferous and we found the fol
lowing fauna: Trilobitae ind., Neoglyphio
ceras sp., C honetes carbonif era Keyser ling, 
Lino jJtoductus cora (Sowerby), Ort hot et es 
( S che/winella) crenistria Phillips, Productus 
costatus (Sowerby), P. semireticulatus 
Martin, P. ( Gigantella) undatus Defrance, 
Spirifer conolutus De Koninck, S. grandi
costata McCoy, S. striatus (Martin), Bel-



lerophon sp., Composita ambigua (Sowerby), 
Derba cf. robusta Hall, S chizostoma catilla 
(Martin), Porcellia sp., F enest rellina cf. 
ripisteria (Goldfuss), Crinoidea ind. 

d. Equivalent of Dembaba Formation, 
Limestone and Marl Unit 
(Namurian to Westfalian) 

Directly east of the southern Djebel Ben 
Ghnema are several escarpments, 10 to 50 
meters high, formed of calcareous and marly 
rocks with massive limestone beds. This 
highest marine unit of the Carboniferous in 
the area concerned consists of a rhythmical 
alternation of marl, limestone, dolomite, 
and calcarenite interbedded with shale. (Sec 
Fig. 43, Stops 16 and 18). 

We collected the following fauna: Pro
ductus semireticulatus Martin, P. ( Gigan
te/la) undatus Defrance, Pus tu la pustulosa, 
Bellerophon sp., Schizostoma sp., Zaphrentis 
sp., Fenestrellina sp., Crinoidea ind. 

Jacque ( 1963, p. 34) lists the following 
forms: Domatoceras costatum Hyatt, Para
domatoceras aff. jongmansi ( Delepine), 
Ephippioceras clittelarium Sow. 

7. Post Tassilien 

This term includes rocks of continental 
ongm which unconformably overlie the 
Upper Carboniferous and are unconform
ably overlain by the Messak Sandstone of 
Upp r Jurassic to Lower Cretaceous age. 
Consequently, Lhis unit represents late to post
H rcynian edimentation which is probably 
of Triassic age but possibly of Permian to 
Middle Jurassic age. 

In the southwest part of the area con
cerned, on about the 25° latitude (Stops 
17 and 19) nearly 200 meters of Post Tas
silien rocks occur with slight unconformity 
above the marine Carboniferous. The Post 
Tassilien rocks are predominantly brown 
and red , fine to medium-grained, rarely 
coarse-grained to conglomeratic sandstone 
which is normally massive-bedded with mul
ticolored, silty shale beds up to 20 meters 
thick. No fossils were found in this unit 
along the whole east flank of the basin. 
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To the north, the Post Tassilien gradu
ally wedges out below the overlying Messak 
Sandstone. 

8. M e s s a k S a n d s t o n e 
(formerly Nubian Formation) 

Since the term Nubian Formation has 
been used in a stratigraphic as well as litho
logic sense, it seems advisable to replace 
this term wherever possible. Under the term 
Messak Sandstone we understand the con
tinental strata unconformably overlying the 
sediments of the Post Tassilien Group at the 
Messak cliff in the Murzuk basin. A com
plete description and definition of the 
M essak Sandstone has not been published. 
At the type area the formation is most 
probably of Upper Jurassic to Lower Cre
taceous age. The flora of the Messak Sand
stone at Dj b I Ben hn.cma indicates an 
Upper Jurassic to Lower Cretaceou ·, Weal
d en age. Th Me ak andstone is the 
youngest formation which has been d po-
ited o er the whole Mw·zuk basin. Tber -

fore it covers the center of the basin and is 
exposed in escarpments more or less parallel 
to the basin flanks (for example Djebel Ben 
Ghnema). In some places the Messak Sand
stone overlies Paleozoic strata or basement. 

The Messak Sandstone is unconformably 
overlain in the northeast part of the Murzuk 
basin by the Ben Afen Beds of Upper 
Cretaceous age. 

The lithology of the Messak Sandstone 
varies within the area concerned. At the 
north flank of the Dor el Gussa and in 
depressions in the northern Dor el Gussa 
it is almost exclusively a very coarse con
glomerate composed of rounded to sub
rounded boulders of Paleozoic sandstone with 
only a minor sand fraction (Stop 6). The 
rocks normally show no bedding, but they 
are extensively silicified and therefore very 
well cemented. 

To the north, northwest and west, the 
siliceous cemented sandstone boulders de
crease in size and are gradually replaced by 
quartz gravel (originating from the quartz 
dikes of the basement) , and the formation 
grades into multicolored, massive, cross-

bedded, conglomeratic sandstone. This is 
typical for most rocks of the Messak Sand
stone in the area concerned. Along the east 
flank of Djebel Ben Ghnema, however, 
another facies change occurs in the lower 
and middle part of this unit. The conglo
merate almost completely disappears to the 
southwest. The sandstone becomes medium
grained to coarse-grained and is intercalated 
with siltstone beds as well as multicolored, 
silty shale. Within these layers in the middle 
part of the Messak Sandstone (at approxi
mately 25° N and 15° 35' E) we found hori
zons containing fossil plants, i.e. Cladophle
bis zaccagnai Principi which is supposed to 
be typical for the Lower Cretaceous (Weal
den). In the lowest part of the Messak 
Sandstone, French geologists ( Plauchut, 
personal communication) found plants of 
Jurassic age. Silicified wood ( Dadoxylon) is 
found throughout the Messak Sandstone, 
but is of no stratigraphic significance. 

The Messak Sandstone in the border 
zones of the Dor el Gussa is less than 100 
meters thick and increases to the southern 
Djebel Ben Ghnema to more than 200 
meters. 

9. U pp er C re tac e o us a n d 
Tertiary 

In the northern part of the area con
cerned, the Messak Sandstone is unconform
ably overlain by non-fossiliferous, light
colored, calcareous sandstone (Ben Afen 
Beds, see Fig. 34) alternating further north 
with fossiliferous limestone and marl of 
Upper Cretaceous age. In Dor el Msid, this 
light-colored sandstone, with a thickness of 
up to 90 meters in the area concerned, 
grades upward into marine shale, marl, lime
stone and dolomite containing a fauna of 
Paleocene and Eocene age. 

The same sequence of strata crops out east 
of the basement exposure and along the east 
flank of Dor el Gussa, where it lies with an 
unconformity on rocks of Cambrian age. East 
of the Dor el Gussa, these rocks show more 
continental influence southward as indicated 
by the increasing sand content in that direc
tion. Moreover, to the south the Upper 
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Cretaceous gradually wedges out below the 
Lower Tertiary (see article by K. Gohrbandt, 
this guidebook) . 

The Upper Cretaceous and Tertiary age 
rocks in the area are interpreted as a shallow 
southwest extension of the sequence in the 
Sirte basin. 

I 0. The Late Tertiary to 
Quaternary Volcanism of 
Djebel Haroudj 

The northeast edge of the area is partly 
covered by basalt which may have flowed 
over long distances . On some airphotos one 
can see basalt streams which have flowed 
through long narrow wadis. (See Fig. 2). 
These presumably originated in the late Ter
tiary. In the foreland of the Tertiary escarp
ments, lava flows have expanded over 
large areas. Usually it is not possible 
to determine the origin of the basalt 
flows which arc normally only a few 
meters thick. In general, they seem to 
originate from more central parts of Djebel 
Haroudj which are almost entirely covered 
by basalt. In Djebel Haroudj there are 
numerous volcanoes, some of which have a 
very young unaltered shape (Fig. 9) while 
other volcanoes are almost completely 
eroded. 

It is not possible to give an age for the 
volcanic activity of the Haroudj, except that 
it is younger than Oligocene. Near the very 
recent volcano of Uau en Namus hot sul
furous water is rising today. 

11. Quaternary 

Fresh water sediments of stream and lake 
origin up to several meters thick occur within 
Djebel Ben Ghnema (in a plain up to 5 km 
wide between the exposure of Post Tassilien 
and Messak Sandstone) as well as in the 
eastern foreland of Djebel Ben Ghnema and 
in plains in Dor el Gussa. The sediments 
consist, in general, of loose clayey sand and 
sandy-silty clay which frequently contain 
small fresh-water fossils as well as worm
borings. 

The area between Dor el Gussa and Djebel 
Ben Ghnema and the serir north of these 



two mountains are in large parts covered by 
a thin gravel layer, under which are sand, 
loam and clay soils up to several meters in 
thickness. For a large part, this material is 
a product of the in situ decay of the Messak 
Sandstone. 

A Quaternary limestone crust a few deci
meters to 2 meters thick partially covers the 
areas where calcareous sandstones of Upper 
Cretaceous age outcrop. This caliche origi
nates from the calcareous cement of the 
sandstone. 

In the southeast of the valley of U au el 
Chebir are numerous long dunes which also 
occur sporadically in front of the eastern 
flank of Djebel Ben Ghncma. In both cases 
they strike approximately northeast along the 
main wind direction. Near Uau el Chebir, 
the dunes arc due to the wind erosion of the 
slightly cemented sandstone exposed in the 
lower part of the valley. 

The area of dunes near Tmessa is a north
eastern spur of the Erg of Murzuk. One can 
clearly distinguish young narrow oblong 
dunes striking northeast with excellent relief, 
and old, relatively wide, slightly undulating 
fossil dunes striking north-northeast. 

C. TE CT 0 NI C TRENDS AN 

PALEOGEOGRAPHY 

The sequence of tectonic activity can be 
fairly well reconstructed by studying the un
conformities, stratigraphic breaks, old land 
surfaces and changes of formation thickness. 
Movements of Caledonian (particularly very 
early Caledonian and late Caledonian), 
Hercynian, Kimmerian and Alp'idic age can 
be demonstrated. A deep trough developed 
during Cambrian time in the southern fore
land of the basement exposure. More than 
1700 meters of rather coarse elastic material 
was then deposited. The orientation bf the 
cross-bedding implies· an east and northeast 
source relatively nearby. F aiding occurred 
between the basement outcrop and Dor' cl 
Gussa. The Ordovician lies with an uncon
formity of up to 40 degrees on the tilted 
Cambrian. It is difficult to reconstruct the 
deformation during the Ordovioian in the 
area concerned, however, at tfre" end of the 
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Llandeilo ( Melez Chograne Shale), there 
was uplift and resultant erosion. 

A Silurian and Devonian trough developed 
in the south-western foreland of the region 
which had been uplifted at the end of 
Cambrian time, that is, in the northern Dor 
el Gussa. Subsidence started during early 
Silurian time ·with an increase in rate of 
subsidence during late Silurian and Devo
nian (Fig. 13, Stop 12b). At the end of 
Silurian time, trough development was 
temporarily interrupted by late Caledonian 
regional uplift. This uplift resulted in dif
ferential movement within the study area. In 
the middle and southern Dor el Gussa, the 
Acacus Sandstone and parts of the Tanezzuft 
Shale were eroded (Stop 12a). The extent 
of erosion increases southward. Silurian rocks 
were completely eroded over large areas 
south of 25° N. At the end of Silurian or 
beginning of Devonian time, a wide uplift 
began which reached northward as far as the 
central Dor el Gussa and southward to about 
24° N. In the basin of the northern Dor el 
Gussa, only a slight angular unconformity 
indicates these movements (Stop 12b). 
Strong sinking of the basin continued in early 
Devonian time. Lower Devonian strata thins 
rapidly towards the Caledonian uplift. The 
contrast in thickness lessens from latest early 
Devonian through late Devonian time, but 
the trough of the northern Dor el Gussa was 
still sinking more rapidly than the area 
further southward (Fig. 13). 

The trough axis is oriented about north
northwest, parallel to the strike of the folded 
Cambrian strata at the northern end of the 
Dor el Gussa. Probably the axis of the maxi
mum Caledonian uplift of the southern Dor 
el · Gussa is about parallel to the axis of the 
basin of the northern Dor el Gussa. The 
following data supports this interpretation. 
Marine rocks of Silurian age are missing 
across Djebel Gargaf at -the north flank of the 
Murzuk basin. It is probable that this area 
represents a prolongation of the late Caledo
nian uplift of the southern Dor el Gussa and 
it is possible to establish the existence of an 
extensive . late Caledonian positive element 
oriented approximately north- northwest. 
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(See also M. Furst and E. Klitzsch, 1963; 
and Fig. 1). 

Hercynian movements caused uplift at the 
end of Devonian time. Parts of the Upper 
Devonian and also probably of the Lower 
Carboniferous sections are missing. This 
stratigraphic break is marked by an erosion 
surface. 

With the beginning of the Hercynian, the 
orientation of the tectonic elements change. 
In the western foreland of the Silurian and 
Devonian Dor el Gussa trough the Car
boniferous system indicates more continental 
influence than further southwest at 25° N. 
During the Carboniferous the Dor el Gussa 
trough lost its trough character and the up
lift of the southern Dor el Gussa lost its uplift 
character. From surface geological evidence, 
no positive statement is possible as to the 
change of paleogeographic conditions during 
the Carboniferous. The following reasoning, 
however seems justified. Hercynian and post
Hercynian movements in Dor el Gussa and 
its southern prolongation caused faulting and 
uplift of the paleozoic rocks along a north
northeast structural axis. It can be presumed 
that with the beginning of the Hercynian 
cycle in the Lower Carboniferous the north
northeast orientation was an important geo
logic factor. Therefore, a zone of greater 
thickness of Carboniferous striking northeast 
can be expected in the western foreland 
of the Dor el Gussa. It is evident that the 
Caledonian uplift of southern Dor el Gussa 
(Tripoli-Tibesti uplift, Fig. 1) was partly 
included in the region of strong down
warping during the Carboniferous. 

Gradual regression started during the late 
Carboniferous. Fossiliferous limestone and 
calcarenite were deposited in a shallow sea. 
A basin with continental deposition was 
formed. The east flank of this continental 
basin borders the area concerned. The conti
nental Post Tassilien lies on the Carbonif
erous marine rocks with a fl.at unconformity. 
The thin zone of Post Tassilien which 
outcrops along the east flank of the Djebel 
Ben Ghnema lacks contrast in its sandy fades 
and it is presumed that this area was mar
ginal to a Post Tassilien basin situated further 
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to the west. This is also supported by the 
observation that the sand source was pre
dominantly at the east, where strata of 
Paleozoic age had been uplifted and 
gradually eroded. 

Deposition of the Messak Sandstone, which 
overlies another unconformity, presumably 
started during the late Jurassic. The uncon
formity could therefore be late Kimmerian. 
At that time the uplifting of the Dor el 
Gussa, and presumably the whole east flank 
of the Murzuk basin must have come to an 
end. At the same time, erosion may have 
reached the basement in various places, so 
that numerous quartz gravels, originating 
from the quartz dikes of the basement, were 
introduced into the sedimentary sequence. 
Going from southwest to northeast the 
Messak Sandstone lies unconformably on 
older and older horizons and at the north 
flank of the Dor el Gussa it is lying on 
Cambrian age strata. Late Hercynian to 
early Kimmerian faults of the Dor el Gussa 
normally do not affect the Messak Sand
stone. The latter consists of very coarse con
glomerate and occurs in valleys and depres
sions in the northern Dor el Gussa (Stop 6). 
Thus it is believed that the Dor el Gussa 
was a mountain chain before and during 
deposition of the Messak Sandstone. 

The late Cretaceous and early Tertiary 
subsidence of the Sirte basin had a minor 
influence on the northeast and eastern part 
of the area. Evidently the Dor el Gussa 
remained part of a land area at that time 
and hindered a further westward transgres
sion. Generally, the Dor el Gussa and adjoin
ing areas to the west and southwest were 
relatively positive tectonic features after 
deposition of the Lower Cretaceous Messak 
Sandstone. During the Lower Cretaceous the 
region of Djebel Ben Ghnema had a south
westerly surface slope, whereas now the 
plateau of the Djebel Ben Ghnema gradually 
rises to the southwest. 

The Murzuk basin subsided until Lower 
Cretaceous time and erosion took place in 
the east. This pattern was reversed during 
late Cretaceous. The Murzuk basin was 
lifted and the area of the Dor el Gussa was 

on the margin of the Sirte basin. The Dor 
el Gussa was thus a land area since Lower 
Cretaceous or Jurassic time, forming an axis, 
on both sides of which successive sedimentary 
basins formed. 

Post-Eocene movement is shown by 
various fault zones cutting the Tertiary 
strata of Dor el Msid and north of Wadi 
Gussa. Some of the north-northeast trending 
faults of Hercynian to Kimmerian age were 
again active in Tertiary time. 

After the regression of the sea during 
Eocene time all parts of the area concerned 
were dry land and development of the land
scape has continued until present time. 

D. TE CT 0 NI CS 

Intensive folding and consolidation of 
basement occurred in the Precambrian, but 
as previously discussed, the area has also been 
tectonically active since Precambrian time. 
On aerial photographs, the sandstone of 
Cambrian age is seen to be cut by a consid
erably denser network of fault zones than 
the younger formations. Strata were slightly 
folded with a northwest strike at the end of 
Cambrian time in the north flank of the Dor 
el Gussa and north of the mountain chain. 

Important tectonism took place between 
late Carboniferous and late Jurassic - late 
Hercynian to early Kimmerian. During that 
time the east flank of the Murzuk basin was 
uplifted and the Dor el Gussa has been a 
mountain chain ever since (Western edge of 
Tibesti-Sirte uplift, Fig. 1). Germano-type 
tectonics formed the mountain chain. Fault 
zones, in some cases several hundred kilo
meters long, are numerous in and parallel to 

the north-northeast trending mountain 
chain. (See Fig. 40). A series of blocks rising 
from west-northwest to east-southeast was 
formed in which the eastern blocks are 
generally upthrown along reverse faults. (See 
Fig. 40). In various places the blocks, which 
are mostly 5 to 15 km wide, are folded into 
flat anticlines parallel with the fault strike. 
Narrow anticlines and synclines are developed 
immediately west of and parallel to the 
faults. If there is no folding, the strata within 
the blocks generally dip 2 to 5 degrees wcst
northwest. 

Dip-separation of the steep reverse faults 
is in some places more than 300 meters but 
is generally between 25 and 100 meters. 

During block-faulting, joint systems devel
oped with orientations determined by local 
tectonic conditions. Joint systems influence 
wind erosion as sandstone beds are frequently 
eroded along joint and block-seas form. 
Rectangular joint systems develop grid-like 
zones of removal. 

In the northern Dor el Gussa, the orien
tation of late Hercynian to early Kimmerian 
tectonic features are perpendicular to those 
of early Caledonian folding and faulting. 
This produced an intense network of grabens 
and hors ts (Fig. 38 upper part). 

In the Tertiary, post-Eocene tectonism 
faulted early Tertiary rocks at various places 
along the flank of Djebel Haroudj. The dip 
separation generally does not exceed 20 
meters. In Dor el Msid and north of Dor el 
Gussa, Paleocene and Eocene strata are in 
some places slightly folded and there was 
renewed movement on some late Hercynian · 
and early Kimmerian fault zones. 
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UPPER CRETACEOUS AND LOWER TERTIARY 

STRATI GRAP HY ALONG THE WEST ,ERN AND 

SOUTHvVESTERN EDGE OF THE SIR TE BASIN, LIBYA. 

by 

KLAUS H. A. G 0 HR BANDT 

(Mobil Oil Lib)1a, Ltd.) 

INTRODUCTION 

The Sirte basin of Libya represents the 
former south-southeastward ex tension of the 
present day Gulf of Sirte. This area was 
submerged in Upper Cretaceous times and 
the central parts remained covered by the 
sea until the end of Miocene time. In this 
summary we deal only with the Upper 
Cretaceous and Lower Tertiary rocks exposed 
on the western and southwestern margin of 
the Sirte basin. This western margin is best 
defined by the pinch out line of Eocene 
rocks. Eocene strata occur only in the Sirte 
basin, not northwestward in the Homra basin 
nor southwestward in the Murzuk basin. 
According to this definition the western edge 
of the Sirte basin (Fig. 14) curves westward 
from cl Buerat on the coast of the Gulf of 
Sirte over el Ghadenia to the northern end 
of the western flank of the Hon or Giofra 
Graben, west of Bu Ngem. From there, south
eastward to the w·adi Zmam, Eocene rocks 
are only preserved in some fault wedges on 
the western edge of the Hon Graben. Eocene 
strata are not present at the surface along 
the western flank of the Hon Graben from 
Wadi Zmam southward to the vicinity of 
Socna. Faults form the border of the Sirte 
basin along this zone. South of Socna, 
however, Lower Eocene strata are again 
exposed eastward from Djebel es Soda over 
Dor el Gani and Dor el Msid to the south
western part of Djebel H aroudj, at approxi
mately 26° 30' N and 17° 15' E . From Djebel 
Haroudj southward, Eocene rocks are 
generally CO\'ered by the Serir Tibesti and 
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pinch out to the west towards Dor el Gussa 
and to the southeast toward Djebel Eghei. 

Detailed geologic and paleontologic study 
of the Upper Cretaceous and Lower T ertiary 
sequences a long the western and southwestern 
edge of the Sirte basin began with the Italian 
administration of Libya. The pioneers of 
early geological exploration in Libya such 
as De Stefani, Parona, Desio and Chiesa 
established the fi rst stratigraphic framework 
for the western Sirte basin. Geologic research 
in Libya was practically nil from the end of 
the Second World War until recently, when 
geologic studies again started due to inten
sive oil exploration. Subsurface studies in 
addi tion to modern methods of surface 
mapping considerably improved our strati 
graphic knowledge of the western and sou th
western edge of the Sirte basin. The recently 
issued Geologic Map of the Kingdom of 
Libya, sca le 1 : 2,000,000 (Conant and 
Goudarzi, 1964), summarizes present general 
geologic knowledge. In addition, J ordi and 
Lonfat ( 1963) published valuable data on 
the surface geology of northwestern Libya 
and Furst ( 1964, in press ) has prepared two 
basic contributions, one on the Upper Cre ta
ceous Paleocene transgression in the eastern 
Fezzan and another on the Serir Tibesti. 

The western and southwestern margin of 
the Sirte basin is divided into three geologi
cally distinct areas : 
1. From the coast to Djebel es Soda 
2. Between Djebel es Soda and southwestern 

Djebel Haroudj 
3. South of Djebel Haroudj , around the 

periphery of the Serir Tibesti. 
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THE MARGIN OF THE S IRTE BASIN 

FROM THE COAST TO DJEBEL ES SODA 

One of the earliest papers on the strati
graphy of the northwestern edge of the Sirte 
basin is that of Parona (1915) who discussed 
the Cretaceous including the Maestrichtian 
from both Wadi Sofeggin, south of Beni 
Ulid, and from south of Socna. He reported 
various megafossils including the stratigraphi
cally significant Alectryonia larva and the 
larger foraminifera Omphalocyclus macro
porus and Siderolites sp. from both localities. 
A more detailed study on the foraminifera 
of these localities was made later by 
Zuffardi- Comerci ( 1926). A number of 
papers followed dealing mostly with the 
megafossil content of the Cretaceous of li\Tadi 
Sofeggin. The first detailed study of sections 
along the eastern side of the Hon graben was 
published by Chiesa ( 1940) . On the geologic 
map of Libya by Desio ( 1935), the Upp er 
Cretaceous-Tertiary contact was vaguely 
mapped in that area .. In the south, the contact 
generally followed the eastern edge of the 
southeast striking Hon graben until turning 
north towards Sirte. Chiesa indicated that 
the whole eastern flank of the Hon graben 
from Bu Ngem southward to Uaddan con
sists only of Tertiary rocks. He regarded the 
whole sequence as Middle Eocene despite 
Silvestri's ( 1937) previous suggestion of a 
Lower Eocene age for parts of the section. 
Silvestri described OjJerculina alpina multi
septa from the lower part of the section in 
Dor el Bescescim. Chiesa recognized this and 
another overlying fossil horizon with 
Alveolina, which is now recognized as belong
ing to the subgenus Flosculina, as two 
significant markers along the eastern Hon 
graben. He also presented detailed descrip
tions of the stratigraphy in that area. Desio 
( 1943) added some data on the interesting 
Upper Cretaceous section in Wadi Tar, north 
of Hon. Of interest from the stratigraphic 
point of view is the restudy of the 0 per
culina horizon by Haynes (1962). Haynes 
came to the conclusion that the above 
0 perculina described by Silvestri from 
the Dor el Bescescim and Operculina 
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thouini, as mentioned by Silvestri ( 1934) 
from el Fogha, are both the same species 
and are junior synonyms of Operculina 
canalif era sindensis. The associated benthonic 
foraminiferal fauna was found to be the 
same in both localities and to contain 
diagnostic species of Paleocene age (Lo.ck
hartia diversa, Rotalia trochidiformis, R. 
hensoni). This Paleocene age determination 
is contrary to Chiesa's previous assignment 
of Middle Eocene. Recently, J ordi and 
Lonfat ( 1963) dealt with the entire Upper 
Cretaceous and Lower Tertiary sequence in 
northwestern Libya, particularly in the Hon 
graben region which served as type area for 
most of their newly established formations. 
According to their division the Zmam Forma
tion is the basal unit exposed on the surface 
of the Hon graben. The Zmam Formation 
is subdivided into the Lower Tar Marl and 
Upper Tar Marl which has the Socna Mol
lusc Bed locally developed at its base. The 
uppermost unit of the Zmam Formation is the 
Had Limestone. These names are all derived 
from places in the western Hon graben area. 
Jordi and Lonfat report that the Zmam For
mation is underlain in the subsurface of the 
Hon graben area by the Mizda Formation. 
Below the Mizda Formation follow the other 
older Upper Cretaceous formations which are 
well exposed on the Djebel Nefusa further to 
the north. The Lower Tar Marl is approxima
tely 250 meters thick and of Upper Cretaceous 
age. According to Jordi and Lonfat it is only 
Maestrichtian in age as indicated by the 
abundant occurrence of the larger Maestrich
tian index foraminifera Siderolites calci
trapoides and Omphalocyclus macroporus 
in its upper parts. The lowest part of the 
type section as exposed at the surface con
tains planktonic foraminifera ( Globotruncana 
gansseri) which are diagnostic of the middle 
and upper Maestrichtian (personal observa
tion). The main part of the Lower Tar Marl 
in Jordi and Lonfat's definition is known 
only from the subsurface (type section in 
the Libya Shell well Al-40) and is in part 
Campanian to Santonian as suggested by the 
presence of the foraminiferal index species 
Globorotalites michelinianus. The presence 



of rich planktonic foraminifera throughout 
most of the Lower Tar M arl suggests open
sea depo iti n. La rger l'ora1ninifcra occur 
near the top ugg wng shallow.in of the 
sea. The Low r Tar Marl i idcn ti a l with 
the Socna Formation which was described 
in the Stratigraphic Lexicon of Libya 
(Burollet, 1960). Since the Socna Formation 
was incompletely defined, it is recommended 
that the name be dropped. Jordi and Lonfat 
mapped the Lower Tar Marl on the western 
edge of the Sirte basin, from Wadi Sofeggin 
southward along the western Hon graben to 
Djebel es Soda. This formation pinches out 
toward the Gargaf uplift west of Djebel es 

Soda. 
Locally developed at the base of the Upper 

Tar M arl is the Socna Mollusc Bed which 
is a very fossiliferous limestone with V eneri
cardia desori and a long Nerinea sp. The 
bed is typically developed in the vicinity of 
Socna where it reaches a maximum thickness 
of 12 meters . Jordi and Lonfat relate it to 
a nearshore environment present only around 
the Gargaf high as it is not found further to 
the east or north. 

The overlying Upper Tar Marl consists of 
shale and limestone with some megafossils. 
J ordi and Lonfa t w re cau l-iou in d signal
ing an age to the pp · r T ar M arl and 
reported only the pr sence of the Paleocene 
foraminiferal genus Ranikothalia from the 
top part of the Upper Tar Marl in western
most Libya. They tentatively place the 
Cretaceous-Tertiary boundary at the base 
of the Socna Mollusc Bed as the highest 
occurrence of definite Maestrichtian fossils 
was found in the beds directly underneath. 
Personal observations confirm the position of 
this boundary. Shales intercalated in the 
limestones of the Socna Mollusc Bed at the 
type section of the Tar Marl yielded 
abundant specimens of the smaller benthonic 
foraminifer Discorbis pseudoscopus. This 
species is widely distributed in the subsurface 
of the Sirte basin and is restricted to the 
Danian (a . controlled by planktonic 
foraminifera ee L · hmann, in press). The 
sparse be.nthonic foraminif ra in the rest of 
the section uggest a shallow water depo-
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sitional environment for the Upper Tar 

Marl. 
The upper part of the Zmam Formation is 

represented by the Had Limestone which is 
about 50 meters thick and consists of dolo
mite and dolomitic limestone. The Zmam 
Formation i · placed by Jordi and Lonrat as 
Lhe upp r uniL of the H amada roup. Th 
, . rlying addan roup .is divided into the 

ba al urfa and upper B ·hima F rm, 1ior1 ·, 
name which wer fi rst published I y Jordi 
and Lonfat, but unfortunately not as \Nell 
described as the Zmam Formation. This is 
also true of the other formations mentioned 
by J ordi and Lonfat, however, Chiesa gave 
extensive lithologic descriptions of some sec
tions in their type area. The basal unit of 
the Surfa Formation, named the Bu Ras 
Marlstone by Jordi and Lonfat, is in turn 
overlain by the lower !ta halk and upper 
0 perculina Lime ·tone. Both of whi t an be 
recognized in ,hiesa' descript ion and are 
listed in the tratigraphic Lexicon o.f Libya 
( Burollet, 1960 ) . The depositional environ
ment of the Gelta Chalk, Operculina Lime
stone and overlying beds was also shallow 
water. The younger Beshima Formation 

om prises, fr1 the definition of J ordi and 
Lonfat the lower Kheir M arl and upper 
J' ouaga Chalk with a basal limestone bed 

ontai11ing Afueoli11 a (Flosculina ). Jordi and 
Lonfat regard the Alveolina horizon as Lower 
Eocene, which would place the Paleocene
Eocene boundary between this horizon and 
the lower, Paleocene Operculina Limestone. 
This time boundary might be somewhere in 
the unfossiliferous Kheir Marl. A more spe
cific determination of this Flosculina is desir
able, since Hottinger ( 1960) reported the 
oldest species of Flosculina from the base of 
the Upper Paleocene ( Ilerdian) . 

The sequence above the Rouaga Chalk is 
divided into the Ben Isa Chalk, a poorly 
defined formation, and the overlying Or
bitolites Limestone ( Orbitolites complanatus) 
or, a rd ing to the recommendation of th 
'tratigrapl i L xi on of Libya the Bir Ziden 

Jvlemb r, th upp ' rmosL unit of the Uaddan 
.roup. In th outhern part of . jcbel 
addan th• lat ral equiva lent of the Bir 

Ziden l\1ember is an evaporite facies named 
the Gir Gypsum. Eastward, towards the Sirte 
basin the Wadi Thamet Formation of Middle 
to Upper Eocene age overlies the U addan 
Group. 

THE MARGIN OF THE SIRTE BASIN 

BE T WEEN DJEBEL ES SODA AND 

SOUTHWESTERN DJEBEL HARUDJ 

One of the prominent geologic features in 
western Libya is the Gargaf uplift, which 
starts west of Djebel es Soda and extends 
southwestward, separating the Hamra basin 
in the north from the Murzuk basin in the 
south. It extends in the subsurface to the 
western margin of the Sirte basin. The area 
south of that uplift remained quite stable 
during the Cretaceous- Tertiary times, in 
contra~ to the area north of the uplift. J ordi 
and Lonfat clearly demonstrated the pinch 
out of the carbonates and shales of Upper 
Cretaceous and lower Paleocene age in the 
Hon graben area on Paleozoic strata of the 
Gargaf high. The Upper Cretaceous trans
gression from the Sirte basin was limited 
south of Djebel es Soda by Paleozoic rocks 
and M essak (Nubian) Sandstone of Jurassic 
to Lower Cretaceous age of the Murzuk 
basin (Hecht, Fiirst and Klitzsch, 1963 ) . 
Here the transgression produced only shallow 
water sandy facies. R ecently, Furst ( 1964) 
studied a number of sections from near Bir 
Quaf, immediately south of Djebel es Soda, 
southward to eastern Dor el Gussa, covering 
the southern portion of the western edge of the 
Sirte basin. This was the first comprehensive 
study of Upper Cretaceous and Lower Ter
tiary strata in southwestern Sirte basin . Furst 
regarded the shallow water sandstones as the 
marginal facies equivalent of the Upper 
Cretaceous Lower T ar Marl from north of 
the Djebel es Soda, although, so far there 
is no fossil control for this correlation. Furst 
introduced the name Ben Afen Beds for the 
sandstone sequence after the Serir Ben Afen 
where they are well exposed. The Ben Afen 
Beds extend over a large area in the subsur
face around the whole southwestern edge of 
the Sirte basin. The Ben Afen Beds 
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differ from the underlying Messak (Nubian) 
Sandstone by a near absence of cross-bedding, 
or for that matter, bedding in general. 
Furthermore, their cement is normally cal
careous rather than siliceous. The area of 
probable transition to the Lower Tar Marl 
is covered by the basalt forming Djebel es 
Soda. At northern Dor el Gani, fossiliferous 
dolomitic limestone, shale and brown-colored, 
glauconitic limestone are intercalated in 
the sandstone of the Ben Afen Beds. This 
intercalation might represent a transition to 
the Tar Marl. The megafauna has not yet 
been analysed. In the DEA- Libya Al-77 
well, about 80 km south of the northern Dor 
cl Gani locality, intercalations are absent 
according to Furst. Ben Afen Beds extend 
south to northern Dor el Abiad where they 
pinch out on the Paleozoic rocks of Dor el 
Gussa. In the subsurface of the Sirte basin, 
sandstone of the Ben Afen Beds lies between 
Campanian and Danian shales and lime
stones. 

Along Serir Ben Afen to Dor el Msid, a 
coquina limestone with common occurrences 
of small gastropods overlies the Ben Afen Beds. 
In northern Dor el Gani this unit is a light 
gray, dolomitic coquina marlstone overlain 
by a marl and a fine crystalline, light gray, 
dolomitic limestone. This interval was cor
related by Furst with the Socna Mollusc Bed 
from north of Djebel es Soda, despite the 
differing lithology and fossil content (Cardita 
sp., Turritella sp., Cardium halense, Aloides 
vetula). In the same way, the overlying 
shales were said to be analogous with the 
Upper Tar M arl, although farther south 
Furst uses the term Dor el Gani Marl which 
is not precisely defined thus far. The Dor 
el Gani Marl decreases in thickness south
ward . At Dor el Gani it is 30 meters thick 
compared to only 16 meters in thickness at 
nor thern Dor el Gussa. From northern Dor 
el Gani Furst collected the megafossils Ostrea 
osiris and 0. ramsis and mentioned the 
foraminiferal species V erneuilina aeg)•ptiaca, 
V. cf. karreri, Gaudryina cf. limbata, G. cf. 
pyramidata, Dorothia sp. which also occur 
in the Dor el Msid. Based on these shallow 
wa ter microfauna, Furst attributed a Danian 



age to the marls, referring to what Said and 
Kenawy (1956) described as Danian from 
the Sinai Peninsula. Of these forms from the 
Dor el Gani Marl, all except one are deter
mined as cf. and are thus of little strati
graphic value. Verneu.ilina aeg,1jJtiaca, on 
the other hand, was reported by Said and 
Kenawy to have a stratigraphic range from 
Maestrichtian into the Paleocene. Therefore, 
the exact geologic age of Dor cl Gani Marl 
is still uncertain and is in need of further 
studies. 

The Had Limestone is not typically pre
sent south of the Djebel es Soda and Furst 
correlates it with what he named Scedida 
Dolomite in the Dor el Msid. Scedida Dolo
mite is a partly dolomitized coquina limestone 
with the following megafauna: Turritella 
sexlineata, Ostrea osiris, Cardita lib,•ca. It 
also contains a microfauna which is not 
diagnostic of any precise age and consists of 
the foraminiferal species H aplojJhragmoides 
cf. eggeri, Glomospira charoides leroyi, 
V erneu.ilina aeg,1ptiaca and other species in 
common with the underlying beds. Furst 
also placed it in the Danian. 

The Scedida Dolomite is in turn overlain 
by green-gray to dark-gray shales which 
Furst named Dor el Msid Claystone and 
correlates with the Bu Ras Marlstone of the 
Hon graben. The Dor el Msid Claystone 
becomes sandy southward near Uau el Chebir 
and yields a new foraminiferal fauna of a 
shallow water environment with Rotalia 
hensoni, R . trochus, R. trochidiformis and 
Discorbis sp. The upper part of the Dor el 
Msid Claystone is a limestone rich in mega
fossils (large nautiloids, gastropods, ech
inoids) and has a similar but more abundant 
foraminiferal fauna than the underlying 
shale. Some new forms such as Miscellanea 
miscella, Daviesina langhami and others were 
found which are typical for the middle 
Paleocene in the complete subsurface section 
of the Sirte basin. These faunas are closely 
related to the fauna Haynes (1962) reported 
from el Fogha from the Operculina Beds 
which overly the Dor el Msid Claystone. 
Furst called these Oj1erculinoides Beds and 
in his definition south of the Djebel es Soda 
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they include Jorcli and Lonfat's Gelta Chalk 
and Operculina Limestone. In addition, 
various Italian authors have described rich 
megafaunas from these beds which consist 
mainly of echinoids. 

The end of Lower Tertiary marine sedi
mentation south of the Djebcl es Soda is 
similar to that of the Hon graben, being re
presented by lower Kheir Marl, Flosculina 
Limestone, and higher Rouaga Chalk of the 
Beshima Formation. In the el Fogha area 
the Kheir Marl becomes more argillaceous. 
The above lithologic units can be clearly 
mapped to the el Fogha area, but their pre
sence in southern Dor el Msid and Dor el 
Gussa is doubtful in the present author's opi
nion, as the parts of the section correlated 
with the above units are of considerably 
different lithology and no Flosculina has yet 
been found. No younger Tertiary sediments 
are present along this margin of the Sirte 
basin above the Rouaga Chalk. 

THE MARGIN OF THE SIRTE BA SI N 

AROUND THE PERIPHEr,v OF THE 

SERIR TIBESTI 

Cretaceous sediments are not present on 
the periphery of the Serir Tibesti. The south
ernmost extension of the Ben Afen Beds of 
probable Maestrichtian age as mapped by 
Fiirst is around 26° 10' N and 16° 55' E, just 
north of the Dor el Gussa. A facies similar 
to the Upper Paleocene rocks at Dor el Msid 
was observed by Furst (in press) along 
the western and southwestern edge of the 
Serir Tibesti where they overlie either 
Paleozoic rocks of Dor el Gussa or basement 
of the Tibesti foreland. 

The lower Dor el Gani Marl and upper 
Scedida Dolomite of Dor el Msid pinch out 
between the northernmost extension of Dor 
el Gussa and U au el Chebir, whereas the Dor 
el Msid Claystone extends farther south. Also 
the typical 0 j1erculinoides Beds of Furst 
reach southward beyond Uau el Chebir to 
Gara Kourni ( 16° 40' E, 23° N) in the 
Republic of Chad. Along the western flank 
of the Djebel Eghei, overlying basement or 
Paleozoic strata, is an argillaceous to fine-

grained sandy sequence with sandstones at 
its base. Fi.irst introduced the name "Eghei 
Formation" for them, but it is not recom
mended for use as the term Eghei Sandstone 
is preoccupied for other, undoubtedly Paleo
zoic strata in that area (see Stratigraphic 
Lexicon, Libya). The strata for which Furst 

uses the name "Eghei Formation" are unfos
siliferous, however, he assigned them tenta
tively to the Paleocene. They are in turn 
overlain by claystones with gypsum which 
Fi.irst compares to evaporites of Lower 
Eocene age ( Gir Gypsum) farther north. 
The latest Tertiary marine sequence at the 
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edge of Serir Tibesti consists of claystones 
with coquina beds formed principally of 
oysters of Middle Eocene age. The entire 
Lower T ertiary sequence in the area of the 
Serir Tibesti is of shallow water deposition 
with reduced circula tion ( i. e. gypsum beds) 
and might even be partly of continental 
origin (i.e. unfossiliferous sandstones). This 
sedimentary sequence is locally overlain by 
late T ertiary to Quaternary basalts. 

THE UPPER CR ET ACEOUS-PALE OC ENE 

TRAN SGR ESSION ON THE WESTERN 

~1 A R G IN 0 F T H E S I R T E B A S I N 

A correlation chart of the different forma
tions in the various parts of the western 
margin of the Sirte basin is shown on fig. 15. 

Continuous sedimentation took place in 
Upper Cretaceous times in the Homra basin 
north and in the Sirte basin east of the 
Gargaf uplift. The Cretaceous transgression 
started in the northern Hamra basin during 
the early Cenomanian (or possibly Aptian
Albian, cf. J ordi and Lonfa t, 1963). There, 
basal transgressive beds are well exposed 
along the Djebel Nefusa and extend in the 
subsurface southwards toward the Gargaf 
high. The Cretaceous transgression started 
in the Sirte basin also in Cenomanian time. 
An open connection of the sea existed 
between these two areas of sedimentation 
over the western margin of the Sirte basin 
north of Djebel es Soda throughout Upper 
Cretaceous time. Carbonates and shales of 
shallow water environment were deposited 
in the lower parts of the Upper Cretaceous 
section and became influenced by a more 
open sea environment higher in the section. 
From the Sirte basin the sea reached the 
northeastern edge of the Murzuk basin 
between the Gargaf uplift and northern Dor 

el Gussa in late Cre taceous, possibly 
Maestrichtian time, but did not transgress 
into the l\1urzuk basin proper. Cretaceous 
strata in southwestern Sirte basin are of 
marginal shallow marine origin consisting 
mainly of sandstone. In the area north and 
east of the Djebel es Soda an open sea 
influence was dominant in late Cretaceous 
time ·with shallowing in the uppermost part 
only. The Serir Tibesti area in the extreme 
south was not reached by the sea in Creta
ceous time. Thus, the main depositional area 
on the western margin of the Sirte basin 
during Upper Cretaceous time was north of 
Djebel es Soda where the Homra basin con
nected with the main part of the Sirte basin . 
Only at the end of Cretaceous time did the 
sea transgress from the Sirte basin further 
south onto the northeastern edge of the 
Murzuk basin, north of the D or el Gussa. 

During Paleocene time, deposition along 
the western margin of the Sirte basin became 
more uniform. In the lower Paleocene there 
were still distinct differences between the 
areas north and south of Djebel es Soda and 
the correlation of the various lithologic uni ts 
is not always obvious. Regional uniform con
ditions developed in upper Paleocene time 
along the western margin from the northern 
Hon graben to the northwestern edge of the 
Tibesti Mountains. Lower Paleocene deposi
tion reached slightly farther south than in 
upper Cretaceous time. The farthest transgres
sion southeast from the Sirte basin was during 
the upper Pa leocene and included the Serir 
Tibesti. Lithologic differences existed in the 
upper Paleocene mainly toward the south
western margin of Djebel Eghei. There an 
unfossiliferous cl as tic sequence was deposited 
probably at tha t time, in contract with the 
fossiliferous carbonates and shales in the 
west. 
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THE SERIR TIBESTI, ITS FORM, 
MATERIAL AND DEVELOPMENT 

by 

M. FDRST 

(DEA-Libya) 

Translated and Condensed by ]. C. Pratsch (Mobil Oil Co. of Libya) 
from "Bau und Entstehung der Serir Tibesti" 

to be published in ,Zeitschrift fur Geomorphologie 

This study is based on field data collected 
from 1960 to 1965 and on topographic data 
obtained during geophysical exploration in 
Concession 85 of Ausonia, DEA, and SNP A 
oil companies and Concession 74 of Pan 
American Oil Company. 

GEOGRAPHICAL LOCATION 

The Serir Tibesti is a plain located m 
southern Libya. It lies north of and adjacent 
to the Tibesti Mountains, east of the Murzuk 
basin and west of the Kufra basin and south
west of the volcanic Haroudj. The Serir 
Tibesti is horseshoe-shaped, open and sloping 
towards the northeast and encompasses 
approximately 50,000 square km. 

West of the Serir 

The eastern flank of the Murzuk basin 
serves as the western boundary of the Serir 
Tibesti. 

Basement rocks of the Murzuk basin 
consist of rnetamorphics and granite intru
sions of the Tibestien Superieur. Morphologi
cally, basement areas appear as rolling hill 
country. Granitic rocks are usually deeply 
weathered but aplite and pegmatite dikes 
are relatively more resistant and stand out 
as narrow ridges or "devil's walls". 

Drainage along the east flank of the 
Murzuk basin is generally westward, away 
from the Serir, down the regional dip. 

Northwest of the Serir 

Basalts of several volcanic generations form 
Djebel Haroudj, which is at the north-

43 

western boundary of the Serir Tibesti. The 
Serir is, however, connected with the Ter
tiary "platform" lying underneath Djebel 
Haroudj volcanic rocks. The volcanic rocks 
are, in general, resistant to weathering and 
a series of escarpments lead down from 
Djebel Haroudj to the Serir plain, often in 
the form of so-called "sawtooth mountains" . 

Northeast of the Serir 

Tectonics of the area between Djebel 
Haroudj and Eghei Spur are relatively com
plex. Northeast and northwest structural 
trends exist; anticlines, synclines and fault 
blocks have been mapped. The morphology 
is influenced by tectonic elements. At several 
localities anticlines are expressed as morpho
logic lows and synclines are morphologic 
highs (relief inversion) . Outcropping Ter
tiary beds of Upper Eocene age are green -
gray clay with oyster beds, grading upwards 
into siltstone and cross-bedded, conglomera
tic sandstones of Oligocene age. The east
west trending escarpment of Dor el Beiada 
is considered to be the northeastern end of 
the Serir Tibesti and is formed by Upper 
Eocene and Oligocene sedimentary rocks. 

Strata of Cambrian age are predominantly 
thick-bedded, coarse grained sandstones 
forming a prominent escarpment west of the 
basement areas bordering the Serir Tibesti. 

Eastern border of the Serir 

Eghei Spur forms the eastern border of 
Serir Tibesti. This is a northeast trending 
mountain range exposing rocks of Pre-



cambrian Tibestien Inferieur and intruded 
granites at and in front of its western flank. 
The upper part of the high scarp bordering 
Djebel Eghei to the west is formed of 
Cambrian sandstone. 

Cambrian rocks also form the topo
graphically highest part of Eghei Spur and 
are therefore the drainage-diYide between 
Serir Tibesti on the west and Kufra basin 
on the east. The northern part of D jebel 
Eghci is partly covered by basalt flows of 
late Tertiary to Quaternary age. 

The Paleocene and Eocene section exposed 
west of Djebel Eghei begins with a basal 
sil t, shale and sandstone formation of Nubian 
character which rests directly on basement 
granite and may be of Paleocene age. Over
lying shale and gypsum beds may be correla
tive with L ower Eocene rocks of similar 
lithology in the Sirte basin. This sequence 
is overlain by shale and oyster coquina beds 
of Middle Eocene age. Late Tertiary to 
Quaternary basalt CO\Trs the sedim entary 
rocks. Areas of both Tertiary outcrops and 
basalt flows are topographically higher than 
the Serir Tibesti. 

South of the S er ir 

The Tibesti massif, formed by volcanic 
rocks o\'erlying sandstones of probable 
Cambrian and Ordovician age and Precam
brian basemen t, forms the southern border 
of Serir Tibesti. V olcanic mountains rise to 
more than 3400 meters (about 11,200 feet). 

THE SER IR SUBST RA T UM 

Sedimentary rocks of Paleocene and Eocene 
age form the substratum of Serir Tibesti. 
There are silts tone, shale, evaporites, marl 
with oyster beds, and some carbonate beds. 
Correlations of certain lithologic units with 
Sirte basin formations are possible, i.e. 
Paleocene Operculinoides Beds, Kheir Marl, 
Flosculina Limestone and Lower Eocene eva
porites. Locally, basement rocks act as Serir 
substratum showing the independence of the 
Serir Tibesti morphology to stratigraphic 
units. At some localities conglomeratic and 
calcareous sandstones were found between 
typical Scrir sediments and the underlying 
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Eocene substraturn; these are considered indi
cators of an early-Neogene beginning of Serir 
developmen t. This coarse elastic material is 
derived from the basement exposed in the 
Tibesti and Eghei areas. 

N ear El Fogha, about 1.5 rnetcrs of lime
stone crust m·erlies m arine sedimentary 
rocks; this suggests that similar limestone 
crusts m ay underlie Serir sediments at other 
loca Ii ties. 

TO POGRAP HY OF T HE SERIR TIDESTI 

Quantitative to qualitative topographic 
mapping of the Serir Tibesti surface was 
achieved through a combination of baro
meter readings and detailed surveying. The 
latter was accomplished during geophysical 
exploration work by Ausonia and Pan Ame
rican oil companies. The topographic gra
dient increases near the flanks of the Serir. 
The Serir plain dips at an average rate of 
1 : 1,000 over a horizontal distance of about 
300 km from a maximum eleyation of 620 
meters above sea level in the southwest to 
320-340 meters in the northeast. Detailed 
surveys showed local relief, such as com
pletely rounded mounds surrounded by very 
shallow rounded depressions. Elevation dif
ferences between these forms are normally 
less than 30 cm. The mounds have coarser 
superficial material than the depressions. 

THE SE RIR MATERIAL 

The thickness of Serir gravel and sand 
gradually increases towards the center. In 
the west, Serir sedimentation begins with only 
a thin veil of sediments, in the east and 
south, however, Serir gravel cover begins 
abruptly with a thickness of 1.5 me ters. The 
maximum thickness of Serir sediments in the 
center could not be established but it is more 
than 1.5 meters. Northeast.of Uau en N amus 
a thickness of up to 8 meters was found in 
seismic shot holes. Such a thickness seems 
to be a local exception. 

From top to bottom, the Serir gravel and 
sandstone material has a vertical zonation 
as follows: 
(a) (Top) Surface cover 
(b) Main zone with carbonate top layer 

(c) Transition zone to substratum (bottom) 
(cl) Substratum 

S u r f a c c C o v c r: The surface cover 
resul ts from selective enrichment of coarser 
material through the process of deflation. 
(See Fig. 8). Wind-blown sand of brownish 
color lies within the coarse material. The 
grain-size distribution in samples from several 
difierent locali ties is rather uniform. Litho
logic analysis of sand frac tions from 
4 to 0.25 mm shows qui te a clifferentation of 
material. Samples from the north are mostly 
white to brown-colored cloudy quartz. In 
some samples, however, up to 50 percent of 
the material is quartzite pebbles, decreasing 
in percentage with decreasing grain size. The 
quartzite is very fine to fine-grained and 
light to dark brown. 

In samples from the eastern Serir, 50 per
cent of the material consists of carbonate 
grains in the fraction over 4 mm. Again, 
their relative percentage decreases with 
decreasing grain size to about 40 percent in 
the 2 mm fraction. Fine sand grains are 
included in the carbonate groundmass. 

In a sample from the west, a carbonate 
conten t of 10-20 percent was observed in 
the 0.5 mm fraction. 

Besides the main components of quartz 
and carbonate, surface samples contain 
accessory quartz and feldspar grains derived 
from gneiss, siliceous slate, quartzite and 
schist. Completely rounded basalt pebbles in 
the 0.5 mm and 0.25 mm fractions were 
collected some 40 km southeast of U au en 
Nam us. 

In the southern Serir, quartz is dominant 
and grains of basement rocks are common. 
Mica occurs here but not in the north. 

Grains of all material in fractions from 
4 to 12 mm appear to belong partly to 
Cailleux's A-type (in situ) and partly to 
his B-type (fluviatile), although some eolian 
material through the process of deflation 
influence is Yisible. In fact, eolian in
fluence is visible in all fractions but larger 
grains are Jess affected by later eolian trans
port than smaller grains. The eolian influence 
increases in and below the 0.5 mm fraction. 
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Geographically, eolian influence is . more 
pronounced in the north Serir Tibesti than 
in the south. 

M a i n Z o n e: The material found in 
the main zone shovvs considerable variation 
across the Serir as well as in different gra in
size fractions of one particular sample. 
Quartz grains are always present. They arc 
mostly B-type and completely rounded in 
the 1 mm fraction. Grains of very fine to 
medium-grained quartzite, feldspar, siliceous 
slate, aplite, granite and gneiss were also 
recognized. Feldspar grains are mostly of the 
A-type; other grains are somewhat rounded 
and of the A, B or transitional A/B type. 
In general there is a carbonate content of 
less than 10 percent although this can 
increase locally to 60 percent. 

Samples from the southern part of the 
Serir Tibesti are composed predominantly 
of quartz grains. Grains of quartzite, siliceous 
slate, gneiss, aplite and granite are, however, 
more common than in other parts of the 
Serir. Mica is present in all samples from 
the southern Serir. 

Samples taken from the northern flank of 
the Tibesti Mountains, about 30-50 km 
north of some basalt cones, contain several 
completely rounded basalt grains in fractions 
below 0.5 mm. B-type grains are common 
in southern samples. In the 2-4 mm fraction 
A-type grains can also occur; they invariably 
show eolian influence. 

In general, fluviatile grains in the 0.5 mm 
fraction are dominant in the main zone. Up 
to 10 percent of all grains have surface cha
racteristics of A to B types of Cailleux. 
Grains exhibiting eolian influence form up 
to 65 percent of the main zone material. 

Tr a ns i ti on z one: The transition 
zone was not reached at many localities. 
Where reached, trans1t10n zone material 
consists mainly of quartz grains and abundant 
carbonate grains ( 20 to 30 percent of total 
in the 0.5 mm fraction). The carbonate 
grains are developed as A-types and often 
contain fine quartz grains. Some single homo
geneous limestone grains are present. These 



are completely rounded and of the C-type 
(eolian). Some samples have carbonate grains 
of the A-type in the 4 mm fraction. Acces
sory pebbles are quartzite, siliceous slate, 
gneiss, aplite and granite, as well as feldspar, 
mica and gypsum. A-type grains are present 
mainly in the larger fraction; their origin 
seems to be in situ decomposition. 

Twenty to thirty percent of the quartz 
grains in the 0.5 mm fraction are developed 
as C-types. Quartz grains of the fluviatile 
type comprise 70-80 percent of a sample and 
vary between A- and B-types. 

SYNTHESIS 

The plain surface of the Serir Tibesti dips 
gradually from southwest to northeast, at a 
rate of approximately 1 : 1,000. There are 
no major wadi systems on the Serir except 
northern Serir. 

Wadis coming out of the Tibesti Mountains 
have dumped their sediments in the form of 
fans as far as 40 km north of the mountains. 
Transportation of loose material was possible 
after sporadic intensive rainfall. The sedi
mentary record of Serir material shows a 
fluviatile influence dominant in the southern 
Serir, and eolian influence prevalent in the 
north. Mica is also more abundant in the 
south. This indicates that the Serir material 
was derived from the basement of the Tibesti 
massif, from the Eghei Spur and from some 
basement islands north of the Ti bes ti that 
are now beneath the Serir. During fluviatile 
transport from the south, some carbonate 

and sulfate material in the substratum was 
incorporated into Serir sediments. Carbonate 
grains become more abundant near both 
eastern and western flanks of the Serir. They 
may also have come from tectonic or topo
graphic high areas inside the present Serir. 
The inclusion of sand grains in the carbonate 
probably shows that carbonate crusts rather 
than Tertiary sediments are the source for 
these Serir carbonate grains. 

The lack of definite sorting of Serir sedi
ments can be explained by sudden intensive 
fluviatile transport following torrential rains. 
Sheet flooding, rather than channel cutting, 
was the dominant process for erosion and 
transportation. The Serir Tibesti, at least in 
the south, may have obtained its horizontal 
surface configuration by this fluviatile 
process. 

Finally the winds and resulting forces had 
their chance to work on the Serir sediments. 
Local topographic deflation lows were now 
formed. Large quartz grains received their 
polish, fracturing or matting, depending on 
the grain material. 

The Serir Tibesti plain cuts through all 
pre-Serir topographic and structural fea
tures, although topographic and structural 
relief are known to have been present before 
or during times of Serir formation. The 
flanks of the Serir have a relatively steeper 
slope, they represent the zone of the hamada 
(mostly rock hamada), which grades succes
sively into the Serir. The Serir grades into 
the Erg of Rebiana in the northeast. The 
genetic correlation between the major land
forms hamada, serir and erg is thus apparent. 
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UAU EN NAMUS 

by 

ANGELO PESCE 

(Compagnie Ricerche I drocarburi s.p.a.) 

Uau en Namus, a unique volcano pro
ducing one of the most beautiful scenes in 
Libya lies about 70 km south of Djebel 
Haroudj basaltic region (Fig. 16 and 17). 
Beuermann (1862) and Rohlfs (1881), 
reported the existance of the volcano, 
but never visited it. The first European to 
set foot in its crater was the Frenchman 
L. Lapierre ( 1920) , commanding officer of 
the military outpost of D janet. Lapierre was 

captured in combat by the Sanusi in March 
1916, and brought in captivity to Kufra via 
Uau el Chebir and Uau en Namus. He was 
set free after three years and thus had 
the opportunity to describe his adventures. 
Twenty-five years later A. Desio, another 
European, and this time a geologist, reached 
Uau en Namus. During his long camel
journey in 1931 from Gialo to Marada via 
Kufra, Uau el Chebir and Tmessa, Desio 

Fig. 16 Aerial view of the crater of Uau en Namus. 
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( 1935) visited the Yolcano and gave the first 
description of its geological features. He re
turned to Uau en Namus in 1940, this time 
by airplane. 

The German geologist, G. Knetsch ( 1950), 
visited the area during World War II . He 
was followed by W. Meckelein ( 1955) in 
1954-55 and the geographer N. Richter 
( 1956, 1958, 1960) who conducted several 
missions in the years 1955, 1958 and pub
lished a book on his journey to the "schwarze 
Oase", and by H. Weiss (1961). 

Following the award of petroleum conces
sions in Libya, several geologists, geophysi
cists and tourists came to Uau en Namus, 
either to explore the adjacent areas or be
cause they were attracted by descriptions of 
the volcano. In 1961 the Petroleum Explora
tion Society of Libya ( 1962) included a re
connaissance flight over this volcano during 
the excursion to Tibesti-Chad. 

Approaching Uau en Namus from any 
"jeepable" direction one sees a flat landscape 
for many kilometers. The presence of the 
volcano is revealed by the elliptical halo of 
black lapilli which surrounds the crater for 
a distance of 5 to 10 km. Then, almost 
unexpectedly, one arrives at the rim of the 
caldera and stops, overwhelmed by a scene 
of rare beauty. Three peaceful lakes sur
rounded by tall weeds and scattered groups 

of wild date palms lie at the botom of 
the depression. The lakes surround the central 
volcanic cone, its sides cut by erosion furrows. 
Black sand with scattered wind ripples frames 
the scene (Plate 2). 

Descending inside the caldera poses no 
problem, even for cars, if the proper ap
proach is taken. Inside, the only thing one 
wishes is to be alone and wander in admira
tion from one end to the other. When the 
wind does not blow, there is absolute silence 
and stillness; no trace of permanent settlers 
exists in the crater, despite the presence of 
good water, palms and other vegetation. The 
reason is simple enough and can be spelled 
in one word: mosquitoes. The only nuisance 
in this otherwise inspiring place is the verit
able cloud of mosquitoes, which, not having 
many occasions to feed on fresh blood warmly 
welcome visitors to their desert realm. The 
Arabic word Namus means mosquito. 

Uau en Namus, although an isolated vol
cano, represents the southernmost eruptive 
outlet of the Djebel Haroudj region (see 
Figs 18 and 19). A cluster of smaller volca
noes, separate from each other and from the 
main basaltic shield to the north, character
ize the area where the intense activity of the 
Haroudj dies out. 

Uau en Namus is unique in that not one 
lava tongue came out of its double crater, 

Fig. 18 Bloch diagram, Uatt en Namns area, illustrating relationshij1s of "salt craters" lo the 
major crater (modified after G. Kne/.sch, 1950). 
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Fig. 19 Geologic shetd1 ma/1, U au en N111n11s area. 

only ash, lapilli, cinders and ejected blocks 
torn out from the sedimentary substratum. 

The volcanic complex of Uau en Namus 
resembles an elliptical bowl with its major 
axis striking northeastward for about 4 km 
and with a small inner volcanic cone, 120 
meters high, in its northeast quadrant. 

The inner cone has its own crater on top 
and on the western side a small "somma" 
that indicates an older volcanic cone. The 
major cone was superimposed after a final 
change direction of the main vent. A 
small ridge connects the inner cone with 
the highest topographic point of the main 
caldera to the west. This ridge interrupts 
an annular depression between the main 
crater and the inner cone which cuts deep 
enough to reach the ground water level. 
Three brackish lakes, surrounded by a group 
of smaller ones, lie in the depression. The 
main lakes show only minor seasonal varia
tions in size, despite strong evaporation and 
near absence of rainfall throughout the year. 
Some of the smaller lakes actually disappear 

50 

in summer leaving an aureole of encrusted 
salts. Due to the lack of continuously re
corded observations, the magnitude of 
oscillations of the water level is unknown. 
One suspects that there is a certain amount 
of water contributed from volcanic steam 
escaping from the magma cooling under
ground. The northernmost lake is distinctly 
warmer than the other two, suggesting a con
nection with the magmatic reservoir. 

A phenomenon common enough in the 
Sahara, yet not satisfactorily explained, is 
the occurrence of palatable water close to, 
and at the same elevation as, the salt lakes . 
The presence of fresh water made Uau en 
Namus an important waterpoint for the 
caravans en route from Uau el Chebir to 
Rebiana and Kufra. 

Petrographic analyses of the feldspathic 
basalt from Uau en Namus by Engel and 
Bautsch ( 1962 ) on samples collected by 
N. Richter show that the rock is character
ized by phenocrysts of forsterite, bronzite and 
aegirine-augite in a groundmass of plagio-

clase, quartz, and glass. Dunite inclusions 
are typical and common and magnetite is 
also present. Typical of the area surrounding 
the crater arc beautiful nodules of green 
olivine up to the fist size, with individual 
olivine granules as large as 5 mm in dia
meter . It is now fairly well established by 
geomorphological criteria, the oldest laYa 
flowed as riwrs in wadis of the eastern and 
western Harouclj, and confirmed by K - Ar 

dating that the oldest lavas of the H aroudj 
region are of late Pliocene age. 

In the author's opinion, Uau en Namus, 
considering the very young stage of erosion 
of its slopes, is more recent than the Quarter
nary pluvials. The erosion furrows on the 
steep outside slopes of the mner cone may 
well have been carved by the sparse rains 
typical of the area today. 
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LANDFORMS OF THE TIBESTI REGION 

by 

HORST HAGEDORN 

(Freie Universitiit, Berlin) 

INTRODUCTION 

The Tibesti Mountains cover more than 
100,000 square km between 24° and 19° N 
and 15° 30' and 20° E in the southeastern 
Sahara. The Tibesti are the highest moun
tains of the Sahara, with Emi Koussi, the 
highest peak attaining an elevation of 3, 415 
meters. Regions adjoining the Tibesti to the 
southwest (Massif d'Afafi) and southeast 
(Borkou) are also very mountainous. Geo
graphic exploration of the Tibesti Mountaim 
began with the French conquest from 1914-
until 1920. Before that time, the short 
account by Nachtigal ( 1879) brought this 
area to the attention of Europe. Colonel 
Tilho ( 1926) has credit for publishing the 
first report concerning landforms and topo
graphic information of the Tibesti Moun
tains. Systematic scientific exploration by the 
"Mission au Tibesti" of 1930, a team of 
French scientists under the leadership of 
Dalloni, began after occupation by the 
French army. This team, together with 
French officers of the "Service Geographique 
de l' Armee" surveyed the Tibesti region on a 
scale of 1 : J ,000,000. The mapping of the 
Tibesti Mountains has now been completed 
from aerial photographs at a scale of 
1 : 50,000. The geological exploration began 
by Dalloni and Desio and continued by 
members of the B.R.G.M. under the direction 
of Wacrenier, has made great progress in the 
last few years. However, the geomorphologi
cal knowledge of the Tibesti Mountains is 
sparse. The only literature on geomorphology 
of the Tibesti are articles in geological papers 
by such men as Dalloni, Desio and Vincent 
concerning landforms and a short report by 
Grove about the geomorphological features. 
Therefore, the department of the "Geo-
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morphologisches Laboratorium der Freien 
Universitiit Berlin" was erected at Bardai in 
order to investigate the geomorphology of the 
Tibesti. 

Three primary factors determine the land
form character in the Tibesti region: the 
geological structure, the climatic control of 
rock weathering and denudation processes 
and the changing of these processes through
out time. 

GEOLOGIC CONTROL OF 

MORPHOLOGIC FEATURES 

In plan view, the Tibesti Mountains have 
a large triangular shape. In the central part 
of the range large volcanoes rise above the 
underlying rocks. These are usually shield 
volcanoes with cones of extreme regularity 
such as Ehi Tousside, comulo domes such 
as Ehi Sosso or cone sheets such as Abeki 
(Vincent). Calderas and craters of various 
dimensions such as Tarso Voon, Trou au 
Natron and Doon Kinimi accompany th~ 

volcanoes; their origin is partially explained 
by explosion or inward sliding. The higher 
part of the mountain range is covered with 
volcanic masses of basalt and ignimbrite 
which have buried the prevolcanic relief. 
Below 1800 meters elevation older rocks such 
as schist, sandstone, and granite protrude 
through the volcanic rocks. The deep, ex
tensive pre-volcanic valleys are filled with 
ignimbrite. The high peaks, dikes and pillars 
located primarily in the north such as Massif 
d'Aozou are also residuals of an early volcanic 
period. Residual hills similar in shape to 
regular volcanic forms are produced by 
erosion and extreme dissection of basaltic 
plateaus. An example of these forms can be 
seen on the plain at the Bardai airstrip. 



Fig. 20 Southern /wrt of 'T arso 'T ousside high/Jlain, Pie Botouin in the background. 
In the foreground ignimbrile (/Jlwto E. Klitzsch). 

Extensive basaltic plateaus can be seen 
beneath the edge of younger shield volcanoes 
between Bardai and Trou au Natron and also 
the area of older volcanism in the northern 
Tibesti ( Puits Tirenno area). These basalts 
generally belong to the "series noires" of 
Vincen t. Basement schist and overlying 
Paleozoic sandstones crop out in the area of 
Pie Botoum, a spectacular peak consisting of 
rhyolite located southeast of Trou au Natron 
at the rim of Tarso Tousside (Fig. 20). 

South, southwest and northeast of the 
central volcanoes and volcanic forms are 
landforms usually dependent on the types of 
sandstones that crop out. The sandstone 
strata in conjunction with the underlying 
basement show structural landforms. These 
landforms are caused by warping (i .e. escarp
ments, cuestas and outliers), faulting (horsts 
and grabens) , and by erosional relief im:er-
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sion. Intermontane basins (such as Zouar) 
are generally tectonically controlled. 

The rocks forming the front ranges, 
particularly in the southwestern and western 
part of the Tibesti region consist of sand
stones which make a grotesque skylin<> 
(Fig. 21), and can be seen from the hills at 
the border of Trou au Natron. The sandstone 
strata dip gently southwestward and are 
dissected by fluviatile erosion and trans
formed by denudation into high, steep sided 
(generally with slopes greater than 
60 degrees) inselbergs (Fig. 21) , inselberg 
mountains and rock pillars. Ehi Goudia, an 
inselberg, rises 500 meters above the su r
rounding country side. 

In the northern Tibesti region the sand
stone outcrops are smaller and the under
lying basement is everywhere exposed. Schists 
are weathered into badlands and the granite 

Fig . 21 Grou/J of inselbergs com/;osed of Cambrian sandstone near Ehi Dao Mi.netto , 
western edge of Tibesti (/;/iota E. Klitzsch). 

regions are often plains with residual blocks 
and tors. 

The northern border of the Tibesti Moun
tains passes into the gently inclined plain of 
the Serir Tibesti. Residual hills, dry flats and 
gently sloping fans border the mountains. 

CLIMATIC CONTROL OF 

MORPHOLOGIC FEATURES 

The landforms are primarily structurally 
controlled but their ultimate characteristics 
are caused by the climatically dependent 
processes of erosion and denudation. 
Weathering and erosion takes place in a 
different manner for various climates and has 
produced a multiplicity of landforms in the 
Tibesti region. At first glance, this variety 
appears chaotic, however, after studying the 
vertical zonation of the landforms it is 
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apparent that the geomorphic forms are well 
ordered and climatically controlled. 

The mountain region can be divided into 
three levels (Havermann) : 
a. from 1880 meters upward, the highest 

level with periglacial-fluvial features 
b. from 1800 meters down to 800 to 600 

meters, arid level with fluvial features 
c. below 800 to 600 meters, level with eolian 

features. 
The vertical boundary spread for these 

three le,·els is presently between 100 to 300 
meters. Therefore, the boundary between 
levels is not an exact line, but rather a zone of 
su perposi ti on. 

T h e p e r i g 1 a c i a l-f l u v i a 1 l e v e l 

This level covers the large tarsos and upper 
region of the mountain range and is de-



lineated by frost weathering in winter and 
fluvi a tile erosion in summer. The amount of 
erosion during summer is dependent on the 
summer rains. The diurnal freeze-thaw cycle 
results in conspicuous periglacial soil patterns. 
Stone polygons, solifluction movements, small 
stone terraces and rock fragments from frost 
weathering occur on the high altitude tarsos. 
The slopes in the uppermost region are 
covered with angular detritus and are gentier 
than in the next lower level. The cuesta-type 
scarps, which are formed by resistant rocks, 
have nearly the same slope profile as the 
underlying non-resistant rocks, and the slopes 
of the weakly incised channels are also gentle. 
The types of erosional forms are well ex
hibited along the border of Trou au Natron 
(see Fig. 7). The climatic conditions necessary 
for these forms to de,·elop occur con
tinuously year after year. In winter the 
temperature drops below zero dPgrees centi
grade nearly every night. 

Th e fluvial level 

The greater part of the Tibesti is situated 
in the middle level which is formed pre
dominantly by fluviatile erosion. The valley 
system is divided in two parts. The radial 
consequent valley system of the central shield 
volcanoes is Pliocene-Pleistocene in age and is 
composed of narrow deep V-shaped valleys 
and gorges. The main valleys of this radial 
drainage pattern unite the long gorges and 
V-shaped valleys and are found in lower 
altitudes around the rims of the volcano 
shields. The longitudinal profiles of gorges 
are often interrupted by breaks of slope, while 
the transverse profiles contain nicks in the 
steep slopes. 

The large pre-volcanic flood plain valleys, 
aggraded with volcanic materials are dis
sected by steep-sided succeeding enneris. The 
enneris have cut to the pre-volcanic valley 
bottom in recent time, but the nonexistent 
lateral erosion makes it impossible to clear 
out the whole ancient valley. The fluviatilc 
erosion has always been dominantly vertical. 
Systems of terraces reveal that the vertical 
erosion has been interrupted several times. 
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A typical sequence, characteristic of the 
whole rcgwn can be seen at Enneri 
Oudingucr south of Bardai (Fig. 47, Road 
I-'og). 

Beyond the \'olcano shields, the valley 
system is dependent on the st ructure pattern. 
The rectangular \·alley system, formed by 
incised wadis on sandstone plateaus, reveals 
dependence on structure. Joints in the sand
stone are transformed into gorges and small 
deep steep-sided valleys. The plateaus have 
distintegrated into groups of outliers, mesas, 
and domes. The intensity is based on the 
density of the joint system near the main 
rivers. The valleys in the badlands are mostly 
V-shaped. 

Terrace systems can be observed along the 
main valley systems such as Barclag11e and 
Yebbigue. Investigations in these terrace 
deposits undertaken by members of the 
Bardai mission have discerned three terrace 
cycles for Quaternary pluvials and inter
pluvials. The "high terrace deposits" (Grove) 
are interesting. The-;e can be observed on the 
edges and in the tributary valleys of the 
Bardagw~ Valley as at Fochi and seem to 
belong to volcanic activity. 

Th e eolian level 

Many small, closely grouped, elongate 
ridges extending northeastward are con
spicuous on the m ap sheet Largeau (Carte de 
L' Afrique, 1 : 1,000,000). The cuestas in the 
northeastern part of Borkou are also cut into 
small parallel valleys trending northeastward 
(Fig. 12). No drainage system can be 
observed. The small parallel ridges and 
valleys are formed by wind erosion. The 
permanent sand drift of the Passat winds 
expands the joints lying in the dominant wind 
direction (Fig. 22 for surface close-up ), 
and forms yardangs, whale backs with steep 
luff- and gentle leeside. The siltstone and 
diatom deposits of the Pleistocene lakes of 
Borkou and along the northern edge of 
Tibesti are transformed by eolian erosion to 
humpbacked forms resembling an island 
archipelagos. 

Another indication of wind activity is the 

Fig. 22 Eolian erosion of D evonian rnndstone east of Tibesli.. 
Note 11nderc11tti11g of silicified crust of older erosion surface (/1/iolo E. Klit:sch) . 

presence of eolian deposited barchan-type 
dunes, fields of various dune forms and 
sandfield plains, all of which can be observed 
around the edge of the Tibesti Mountains, 
particularly in the wide mouths of the main 
enneris and in the intramontane basins. 
Remarkable examples of barchans are 
noticed, with assymetrical horns to the north
west showing two main wind directions. 

Plains and inselber gs 

Extended plains, inselberg mountains, 
inselbergs and rock pillars are the main forms 
in the southwestern front range. The alht\'ial 
veneer covering the plains is derived from in 
situ weathering of sandstones. The serir 
alternates with rock- and debris-hamada, 
depending on the morphological situation 
and shape of the sandstone layers. Serir is 
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also found north of the Tibesti where it is 
underlain by granite&. Hamadas can he 
observed on the surface of plateaus and 
pediments throughout the Tibesti. Inselbergs 
are multi-cycle forms, and ignimbrites sur
rounding the base of some inselbergs demon
strate the grea t age of these forms. '"' eath er
ing of these rock forms is a continuing 
process. 

Some aspects 
of weathering f ea tures 

The different forms of rock caused by 
weathering in arid zones can be observed in 
the Tibesti region. Besides the residuals of 
physical weathering, tafonis (water holes) 
and alvcoles can be seen on the rock surface 
along the track from Bardai to Trou au 
Natron. Recent or ancient forms can be 



classified according to the existence or non
existence of crusts in the holes. Exfoliation 
and disintegration are present forms of 
granite weathering. Tafonis and cavernous 
weatherings indicate the destruction of 
graniti c blocks during recent time. 

Salt-wedging and salt-weathering residuals 
are abundant in the bottom of the Trou a u 
Natron, and could be observed in the excep
tionally rainy summer of 1965. (The amount 
of precipitation from January until August 
1965 was more than 110 mm at the border of 
Trou au Natron ; in Bardai it was only 8 mm. ) 

These facts demonstrate the importance of 
chemical weathering in the Tibesti region. 

CONCLUSION 

The great \'ariety of landforms indicates 
Lhat the Tibesti region is not a single climatic 
unit. The apparently chaotic arrangement of 
different landforms and geomorphological 
processes dissolves into a logical arrangement, 
if consideration is given to vertical zonation 
and present-forms are separated from past
forms. 
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THE TIEU PEOPLE OF THE TIBESTI MOUNTAINS 

by 

HORST HAGEDORN 

(Freie Univ ersitat, Berlin, Germany) 

INTRODUCTION 

The Tibu are one of the dominant types of 
people within the southeastern Sahara. They 
are distributed southward from the oases of 
the Fezzan to Lake Chad and eastward from 
Kaouar Oasis (Bilma) to Borkou-Ennedi 
They live solely within the Tibesti Moun
tains and its southwestern and northern fore
lands. Their name is derived from the Tibu 
term "Ti" for Tibes ti and the Kanouri word 
"Bu" meaning man. The Tibu of the Tibesti 
also call themselves "Teda", a name which 
is often applied to the Tibu, as is "Daza" . 
This latter designation is incorrect as the 
Daza are not Tibu. There are widely dif
fering opinions as to the number of Tibu. 
Estimates vary between 40,000 and 60,000; 
but of these, only about 8,000 to 10,000 live 
in the actual Tibesti area. 

The Tibu people of the southeastern 
Sahara still consider the Tibesti as their 
center, binding them to the ties of clan 
membership and often the property rights 
to palm and grazing areas. 

The study of 
the Tibu by Europeans 

The first specific details of the Tibu come 
from H. Barth who studied them closely in 
the oasis of Kaouar and in northern Bornou 
and Kanem. Barth, greatly impressed, re
ported on the Tibu ability to cover vast 
distances in the desert, ei ther alone or in 
small groups, within a very short time. The 
Tibu's amazing efficiency on journeys and 
their great love of travel are described and 
emphasized by all travellers who come into 
contact with them. Even today this may still 
be observed unimpaired. 
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However, Barth failed to reach the 
Tibesti. The first to do so, under great 
hardship and in constant danger of his life, 
was G. Nachtigal in 1869. He returned to 
Murzuk, half-starved, after a secret flight 
in the night from Bardai where he had been 
held a prisoner. He was only able to escape 
by leaving all his belongings behind. 

For many years Nachtigal's account was 
the only eyewitness report from the Tibesti. 
It was not until 1913 that, as a result of the 
controversies between the Sanusiya and the 
French authorities in the Sudan, Europeans 
once again came to the Tibesti. At that time 
positions were set up in Bardai and Zouar 
by some French troops occupying forts 
vacated by the Turkish auxiliary troops. In 
order to support the Sanusiya, the Turks 
had, however, evacuated their positions 
before the French moved in. 

In the course of World War I the French 
vacated the positions in the Tibesti and did 
not occupy them again until 1929-30. 
Reports and knowledge about the land and 
its inhabitants have increased since the occu
pation of the Tibesti by French troops, 
although it has not yet been possible to solve 
all problems. 

THE PROBLEM OF TIBU'S ORIGIN 

Nachtigal attempted to answer the 
problem, even now incompletely solved, of 
the origins of the Tibu. He observed the 
variety of different anthropological cha
racteristics among the Tibu and this led him 
to state that they were certainly not of purely 
negroid descent. Many writers link the Tibu 
with peoples described by Herodotus. Thus, 
for a long time the Tibu were considered 
to be descendants of the "troglodytes who 



lived beyond the Garamentes". But, as Cline 
stated, a population living in caves is com
pletely unknown in the Tibesti; nor have 
any cave-dwellings been discovered. 

A v;ell-founclccl theory on the origins of 
the Tibu was put forward by Y. Urvoy and 
taken up by P. Fuchs. According to Urvoy, 
the extinct probably Nilotic people of the 
Sao are the original ancestors of the Tibu. 
U rvoy found traces of Sao culture in tribes 
of the Bornou empire. The origin of the 
Tibu language also goes back to the Sao, a 
fact v1·hich explains its relationship to other 
Sudanese languages like Kanouri. A variety 
of peoples descended upon the Sao in a series 
of waves and vvere more or less absorbed by 
them. Of particular importance to the Tibu 
were the Kara who were nomads from the 
west. The mixture of the Sao with the Kara 
produced the Kara-Doza who are regarded 
as the direct ancestors of the Tibu. 

It is fairly certain that these Kara-Doza 
groups were the original inhabitants of the 
Tibesti Mountains. These then probably 
became acquainted with scattered groups of 
the culturally advanced Garamantes. The 
Garamantes probably developed horticulture 
to its later high standard in the oases of 
Bardaque and Zoumeri Valley. 

The Tibu may have played quite a large 
part in the development of the Sudan empires 
such as K anam- Bornou; however, this was 
probably only of marginal significance in the 
history of settlement of the Tibesti Moun
tains. Economically, the inhabitants of the 
mountains were subjected from generation to 
generation to frequent changes in their way 
of life, becoming in turn oasis farmers, semi
nomacls and nomads. Occasional immigration 
by scattered groups into the mountain areas 
apparently brought no revolutions in the 
economy and social order. 

Since early times the Tibu appear to have 
come into conflict with the Tuareg; they 
competed against each other in marauding 
raids and in the plundering of caravans. 
A Tifinagh inscription discovered northeast 
of Aozou indicates the Tuareg were occa
sionally present in the Tibesti Mountains. 

Our present knowledge of the prehistoric 
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settlement of the Tibesti M ountains as mani
fested in the many rock-drawings and arche
ological finds is even sparser than that con
cerning the origin of the Tibu. In the rock
drawings, especially near Gonoa, at least 
three groups can be distinguished based on 
the type of drawing and the patina. Ent, 
su pposi ti on aside, nothing is known about 
their age and their connections with the his
tory of settlement. The drawings of the first 
period depict only wild animals such as ele
phants, giraffes, rhinoceroses, and so on, 
while cattle scenes are predominant in the 
second period. The third period is dominated 
by primitive portrayal of the camel and is 
likely to be very recent. 

In this context, the great grave-fields near 
Zoui with their circular gra\·es of pre-Islamic 
origin should be mentioned. The Tibu des
cribe them as graves of the "Nazarah", i.e. 
of a fairskinnecl people about whom nothing 
else is known. 

The writer, together with members of the 
Barclai research station, was able to make 
interesting finds a t the northern edge of the 
mountains where the Enneri Barclaque 
emerges. Here, in what is today an absolutely 
desert-like region, were discovered skeletons, 
stone tools and pottery which must be attri
buted to the Neolithic period. A remarkable 
feature was that beads made of ostrich eggs, 
like those described by N ach tigal as decora
tions worn by Tibu women in Bardai, were 
found on one of the skeletons. Some of the 
stone tools found are still used today among 
certain Tibu. It is still too early to say with 
confidence how these finds are to be inter
preted. Investigations have started and it 
remains to be seen what success will be 
obtained. 

S 0 C I AL ST RU CT U R E, C UST 0 ~IS 

AND PRACTICES 

The Tibu are Muslim and use Islarnic 
legal practices and customs. Apart from this, 
however, many elements from pre-Islamic 
times have survived. The structure of the 
society has been fundamentally determined 
by the course of history. Like many nomadic 
peoples in Africa, the Tibu also had slaves 

whom they fetched from the Sudan. When 
set free, these slaves became the Kamacljers 
who, even today, form. the lowest level of 
the Tibu society. Following the abolition of 
slavery by the Europeans, the Kamacljers 
have increased in numbers until the present 
time. They have not, however, succeeded 
in merging with the Tibu. Official marriages 
between Tibu and Kamacljers are very rare. 
The Tibu themselves are split into clans, 
each possessing certain living areas (e.g. 
grazing-land, oasis). Of these clans, one in 
particular is outstanding, that of the 
T omagra, from whose ranks the Derclei is 
elected and introduced into his office in 
Zouar. The Derdei is the head chief of the 
Tibu, although in reality he does not have 
very much influence or power. The real 
power lies with the clan chiefs or the 
heads of families. The Tomagras are still 
so respected that they provide the adminis
tration heads in most of the districts and 
,·illages. 

From wha1 has been said, it follows that 
the structure of Tibu society is patriarchal. 
Patrilineal descendancy is predominant, for
merly with pronounced clan exogamy which 
is, however, in the process of dying out. In 
spite of this emphatically patriarchal in
fluence, which can be observed among many 
nomadic people, the position of the Tibu 
woman is not as low as in the majority of 
Muslim countries. She has a share in the 
palm trees and goats and contributes the 
greater part towards subsistence by irrigated 
cultivation or collective work. 

The possession of two wives is quite 
common but the wives do not usually live 
in the same village. Marriage is arranged by 
purchase between the bridegroom and the 
bride's parents. The bride's price is nearly 
unattainable for many young men who 
usually receive help by contributions from 
their large family. Whenever there is a 
wedding, the girls and women of the village 
erect a wedding hut on the marriage clay 
and the young couple have to move into it 
for eight clays. Before the ceremony, the 
bridegroom gives a great banquet for all of 
his male relatives and acquaintances, imme-
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diately after which he sets off on a richly
clecorated camel with his most important 
belongings, accompanied by his friends, to 
the wedding hut. On the wedding night it 
is customary for the bride to oppose her hus
band and to defand herself violently. 

The women are strictly forbidden to eat 
with the men or even watch them dining. 
Men and women each have their own water 
holder "guirba". Should a man meet a 
woman along the way, he may only converse 
with her with a cloth before the mouth and 
dressed in the "Boubou"; during the con
versation, man and woman do not look at 
each other, but turn aside. 

The burial of the dead takes place accord
ing to Islamic custom in the vicinity of the 
village and at dawn. Gifts such as food and 
drink are placed in the graye and hours of 
loud wailing and lamentation by the women 
are usual. Amulets, marabou as well as 
heathen ones from the blacksmith, are worn 
to counter disease and other afflictions. 

Besides circumcision of the boys, usually 
in their twelfth year, the infliction of burns 
and cuts is a frequent practice against 
illnesses. Cupping horns are still used to take 
blood from headache patients and vegetable 
extracts are used for internal sickness. 

Hospitality has a high position among the 
customs. A guest resting near an oasis or 
near a nomad camp is still given a goat as 
a gift. The host similarly provides water, 
firewood and food. Only in population cen
ters such as Barclai, Zouar and Aozou are 
these old practices gradually dying out. 

Vendettas, which were commonplace in 
the pre-European period, together with 
losses in marauding raids, contributed 
towards the continual decimation of the 
population. Today vendettas are illegal but 
are carried out when agreement on bloocl
price fails to be reached. 

The blacksmith occupies a special position 
in the Tibu society. He stands outside the 
community and .does not eat with any other 
Tibu or Kamadjer. Marriage between 
members of a smith's family and the rest of 
the Tibu is also out of the question. On the 
other hand everyone tries to be on good 



terms with the blacksmith. He is present at 
all ceremonies where he beats the smith's 
drum and sings songs he composes himself. 
The young girls and women perform their 
monotonous dance steps to the blacksmith's 
drums while emitting loud cries. At high 
Islamic festivals and at the date harvest these 
dancing ceremonies often last from dusk until 
the early morning. 

THE MATERIAL CULTURE 

The m aterial culture of the Tibu is very 
scanty and has produced hardly anything 
original. The iron weapons and tools made 
by the blacksmith are a common possession 
of the peoples of the southeastern Sahara 
as far as their shape is concerned. Only the 
iron projectile-weapon of the Tibu is cha
racteristic of them, and possibly unknown 
among other peoples. The smelting of iron 
is unknown to the Tibu blacksmith; he works 
only with old iron. T he men produc · cam 1 
saddles, leather bags a nd rop s from Lh fibr 
of the "dum" palm (h,1phaene the/:Jaica). 
Men are also responsible for the preparation 
of goat-skins as water holders (guirba). 
House construction is the women's task. 
Cone-roofed houses with stone walls and 
houses made of "gashi" ( typha elephantina) 
over a pole-framework of peeled acacia 
branches exist side by side in the oasis. These 
are very similar to nomads' tents which are 
also made of an acacia wood framework to 
which m ats of intertwined palm leaves are 
tied with cords. When a grazing spot is left, 
the wooden framework remains standing and 
only the mats are taken away. Besides these 
ten t-skeletons, one still notices along the 
paths and in the enneris (wadis) houses of 
loosely packed round stone. According to 
Fuchs, the cone-roofed house was developed 
from them. It is interesting tha t they also 
serve the nomadic popula tion as dwellings. 

V essels for the conservation of food, milk 
and butter are also woven from palm leaves. 
Pottery is seldom found and is produced in 
a primitive fashion only by the wives of 
blacksmiths. The family's clothing is sewn 
only by the m an unless, as in the oasis, it is 

62 

obtained from the tailor. Today clothing is 
made of European materials, but formerly 
it was of leather. The production of clothing 
by the men may be explained as surviving 
from the days when the preparation and 
processing of leather was the man's task. 

More valuable personal decorations come 
from Libya and are only worn at ceremonies. 
Stone tools and implements which appear to 
have evolved in unbroken tradition from 
neolithic tools arc still used in remote areas. 

THE ECONOMIC SITUATION 

Most Tibu are semi-nomadic with 
nomadism being predominant among the 
more noble families. Their livestock are 
goats, sheep, camels and donkeys. Cattle live 
only in small herds along enneris in the 
region of the Enneris Misky at the southwest 
edge of the mountains. 

M ale Tibu tend the herds which graze 
either along the edge of the mountains or on 
the "tarsos" level spots in the high mountains 
depending on amount of rainfall. Gardens 
were formerly looked after by slaves, but 
today, women or Kamadjers do the gar
dening. T ibu also practice horticulture. 
Tomatoes, wheat, millet, maize, lucerne, 
tobacco, peppermint and a variety of melons 
are cultivated under irriga tion. The most 
important food is the date; consequently, 
cultivation of the date-palm is the most 
important work for those Tibu who live in 
oases, as there are no longer slaves to do 
this work for them. Since a large proportion 
of the Tibu live outside oases with the herds, 
cultivation of palms falls to the more settled 
sections of the family, or is done by Kamad
jers in return for wages. The great majority 
of the Tibu come together in the date-palm 
oases for the date harvest. This is the great 
season of festivities and weddings. As a result 
of the comparatively small number of Tibu, 
everyone is fairly closely related, and this 
means that today almost every Tibu has the 
right to dates in all the larger oases. This 
has led to a healthy levelling of risk when 
harvests fail. The dates are first gathered and 
then dried on special drying platforms which 

are set up on four posts near the huts. After 
drying, the dates are kept in a da te-store or 
pressed in a goat-skin into a jam. This is 
a coveted product at the markets of the 
Sudan and is exchanged there by the Tibu 
for millet. 

Apart from da tes and garden fruits , the 
Tibu table is enriched by the fruits of the 
"dum" palm and seeds of various wild 
plants. In late autumn and winter, in many 
enneries one may find heaps of "colloquintes" 

( colloquintis vulgaris). The kernels of collo
guintes are freed of poison by lengthy pro
cessing and eaten with milk. 

M eat is eaten only at special festivals, but 
donkey meat is not eaten at all. Hunting for 
gazelles and waddan is illegal today, but 
even before the ban, it played an insignificant 
part among the Tibu. It is understandable 
then that the physical constitution of the 
population is not particularly good; they live 
just at subsistence level. 

Fig. 23 Tibu at Col Corizo, northwestern Chad (J1hoto E. Klitzsch). 
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The hard struggle for existence among 
the Tibu has furthered the close amalgama
tion of nomadic and oasis life. Tension nor
mally occurring between these two groups has 
not arisen as it has recently in neighboring 
Borkou. 

Otherwise the Tibus' only craft is that of 
the tai lor. A source of income for \'ery poor 
famili es is charcoal burning which is done 
at the southern edge of the mountains near 
Sherda. The charcoal produced here is sold 
at the markets in the oases of Fezzan and 
Borkou. Salt-trade and salt-min ing have 
been of no importance for the inhabitants 
of the Tibesti, but this industry has been 
important for neighboring Borkou. The trade 
connections of the Tibu in the Tibesti 
Mountains were based on markets in the 
Fezzan. Here the Tibu sold their cattle and 
goats and in return purchased cloth, sugar, 
tea and foodstuffs. 

This trade traffic was carried on by camel 
caravan up to the end of the last world war. 
At present, trade is principally done by lorry 
and is in the hands of Libyan tradesmen 
who have settled in large numbers in 
Largeau. The trade in the Tibesti Mountains 
is also dominated by Libyans who have 
settled in Bardai and Zouar. The Tibu 

themselves now only work sporadically as 
tradesmen, and then mostly as authorized 
agents of Libyan traders. However, there a rc 
still Tibu caravans going to the Fezzan and 
to Kufra O asis (Fig. 23). 

The mod er n development 

The French army left the "Prefecture 
Borkou, Ennedi, Tibesti" (BET ) at the end 
of 1964. Civil government of the BET, from 
1930 until 1964, was in the hands of French 
officers. Today, officers of the Chad army 
govern together with the district and ,·illage 
chiefs . 

When the French troops withdrew, many 
Tibu who had laboured as batmen, guides, 
and so on lost their jobs as the Chad army 
detachment is very small. This brought many 
difficulties, since a job in the army was the 
only way of earning money. 

M aintenance and development of the BET 
are difficult for the under-developed 
"R epublique du Chad". Large distances and 
small population density in this vast area 
make all development experiments very 
expensive; in addition, no mineral resources 
have yet been found to aid in this develop
ment. 
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CLIMATIC CHANGES AND PALEOLITHIC 

INDUSTRIES IN EASTERN FEZZAN, LIBYA 

by 

HELMUT ZIEGER T 

(University of Ham burg, GermanJ1) 

INTROD UC TION 

A reconnaissance survey of eastern Fezzan, 
Libya, in 1962 led to an archaeological 
expedition of the same area in 1963. The 
purpose of the expedition was to establish 
climatic and cultural sequences of the 
Pleistocene in the central Sahara. 

The principal problem in estab lishing such 
a sequence was the difficulty of obtaining a 
chronological breakdown of pluvial deposits. 
However, a relative chronological framework 
was worked out in the mountainous regions 
of the central Sahara where effects of climatic 
changes were stronger than in peripheral 
areas. Consequently, thicker deposits of sedi
ments were produced in the mountain areas. 
The author hoped to discover a complete 
climatic sequence as a basis for dating paleo
lithic industries hitherto known only as 
surface finds. Some of the sites located by 
Dr .. E . Klitzsch and others before and during 
the expedition provided good results for the 
solution of the problems. A preliminary 
simplified account of the expedition's work 
is given. 

LOCATION 

Djebel Ben Ghnema forms an esca rpment 
along the northeast trending east flank of the 
Murzuk basin. The Messak Sandstone 
(Nubian Sandstone ) covers most of the 
Djebel and Post Tassilien, a fine-grained 
continental sandstone with interbedded silty 
shale occurs at the D jebel's eastern flank (for 
the geology see Klitzsch, 1963). 

Large pebble banks which must have been 
deposited in pluvial times are found in the 
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wadis which originated in the Messak Sand
stone and flowed eastward through the Post 
Tassilien section. 

PLUVIAL DEPO S ITS 

A strat igraphic sequence of three sedimen
tary phases was found in the drainage of both 
Wadi Bir Ben Ghnema and a wadi imme
diately to the south (Fig. 24). The oldest 
phase is represented by banks of head-size 
quartzite boulders derived from the M essak 
Sandstone. The second phase occurred after 
a dry period. Wadis cu t into banks of the first 
phase carrying boulders down into the plain 
east of Post Tassilien outcrops. Outwash from 
the first phase formed thick deposits which 
were eventually covered with silt deposited 
from seasonal lakes. The third phase occurred 
after another dry period and wadis cut deep 
into the lake deposits. The wadis were filled 
with gravel toward the end of the las t wet 
phase. 

The pluvial phases which are documented 
in the sediments show a detailed differentia
tion allowing conclusions as to the climate 
during deposition. Sediments of the first and 
third phases origina ted from the higher 
Messak Sandstone while sediments of the 
second phase came predominantly from the 
lower Post Tassilien section. It is assumed 
that during the first and third phases, it 
rained mainly in the mountainous areas 
where the Messak Sandstone cropped out and 
not to the east of the higher mountains, where 
Post Tassilien rocks were exposed. The second 
phase must have occurred during a long 
period of continuous precipitation m·er both 
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mountainous and surrounding lowland areas. 
Sandstone and shale were deposited over Post 
Tassilien rocks during the second phase. The 
third and last phffial phase was followed by 
another dry period which was interrupted by 
a wet sub-phase in approximately 4000 B.C. 
Large mammals roamed the central Sahara 
during this wet sub-phase. Following this 
short sub-phase, the process of desiccation 
continued until the present time. 

PALEOLITHIC INDUST RI ES 

Artifacts were found at many sites in 
sediments of the various wet phases which 
permit correlation and dating with surface 
finds. 

A paleolithic industry not previously 
recognized in North Africa was found in the 
boulder banks of the first phase. It is 
here called "Nasenschaber-Industrie" (nose 
scraper industry) after Rust's analogous finds 
in central Europe (1956, 1962). 

A paleolithic industry (finely conchoida l 

hand axes) was established for the second 
phase. This phase reached from upper 
Ache11lian ("Acheuleen Superieur") to 
Mousterian. It is important to note that a 
continuous development is recognized. This 
opens the question of the origin of Neander
thal man. So far, Neanderthal m an has been 
associa ted solely with Moustcrian artifacts, 
but the continuous development found in the 
Fezzan Sllggests a connection with the Man 
of T ernifine. 

An Aterian industry could be ascertained 
by stratigraphy for the last sub-phase of the 
third pluvial. Artifacts of this type are wide
spread over eastern Fezzan, predominantly 
on top of outliers . 

A Capsian industry was not found in the 
region; the center of the Sahara seems to 
have been too dry during this period. 
Capsian-like tradition, however, may be seen 
in the abundant flint implements of the 
neolithic period during the Fourth Millen
nimn B.C. 
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REMARKS ABOUT PREHISTORICAL SITES IN 

SOUTHERN LIBYA AND TIBESTI 

by 

E. KLITZ SCH (DEA-LlbJ1a) and 
A. PESCE 

(ComjJagnie Ricerche Idrocarburi s.p.a.) 

Various types of rock carvings have been 
found in many areas of the central Sahara 
where Paleozoic and continental ~1esozoic 

sandstone is exposed. Remarkable concentra
tions of rock carvings are known from the 
eastern flank of Djebel Ben Ghnema ( espe
cially in Post Tassilien sandstone), from the 
central Dor cl Gussa (in Tadrart Sandstone), 
from the northern, western and eastern edge 

of the Tibesti Mountains (in Cambrian to 
Ordovician sandstone) and from central 
parts of the Tibesti (in Bardai Sandstone and 
volcanic tuffs).. According to H . Ziegert 
(previous article), a wet sub-phase in the 
4th Millennium B.C. allowed large mammals 
like elephants and rhinoceroses to live in parts 
of the central Sahara. These animals together 
with giraffes, antelope and other elements of 

Fig. 25 Neolithic artifacts found at Dor el Gussa (Stop 13). 
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Fig. 28 Cattle and herdsman in "devil dress" at southern Djebel Ben G!mema. 

Fig. 29 Cattle, feathered herdsmen and hunters throwing sticks (boomerangs?), 
Bardai Zougra. 

Fig. 30 Ele/1/rnnt at Enneri Gonoa (Slo/1 26) . 

Fig. 31 lnteusely carved rock surface with cattle, antelope and rhinoceros 
(lower /)(/rt of bloch), Enneri Gonoa (Slo/1 26). 



The can·ing technique is remarkable; deep 
groves are cut and the inner surface of the 
carYing is partly polished in order to obtain 
a bas-relief effect; details of the coat are 
carefully rendered especially in some groups 
')f giraffes. Anatomical features show an 

amazing naturalism and admirable sense of 
proportion. The carvings of the more recent 
Cattle Period are, in contrast, hurriedly done 
by a careless hammering of the lines of the 
drawing and a schematical rendering of the 
body outline (Fig. 31). 

fig. 82 Mashed hunter. The outline is chalhed to make the figure more vi.sible, Enneri Gonoa 
(Sto/' 26!. 
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ROAD LOG 

TO THE CENTRAL PARTS OF SOUTHERN LIBYA 

by 

EBERHARD KLITZSCH 

(DEA-Libya) 

Stops 4 and 5 by Klaus Gohrbandt 
(Mobil Oil Co. of Libya) 

FIRST DAY 

From Tripoli to Sebha we fly over the 
following geological units: 

D j e far a : Northern Tripolitanian plain 
covered by sediments of dominantly Quater
nary age. 

D j e b e 1 N e f u s a C 1 i f f : Upp er 
Triassic to Upper Cretaceous section (see 
Excursion to Djebel Nefusa, P.E.S.L., 1963). 

Hammad a e 1 Hom r a : Extensive flat 
plain covered by carbonates mainly of 
Paleocene age. Upper Cretaceous strata ar~ 
exposed along the surrounding escarpments. 
The Hamra basin is in the subsurface .. 

Garg a f Up 1 if t : West-southwest trend
ing uplift. Hassaouna Sandstone of Cambrian 
age is exposed along the north flank. Pre
cambrian basement crops out in the central 
part of the Gargaf uplift. At the southern edge 
are exposed the Aouinet Ouenine Formation 
of Middle to Upper Devonian age and the 
lower part of the Mrar Formation of Carboni
ferous age. The Gargaf uplift is transected by 
numerous east-northeast and some north
northwest striking faults. 

Erg of Z e 11 a f : We will fly across the 
easternmost part of this large sandsea before 
we reach Sebha. 

Stop in S e b h a for refuelling. 
We fly over the following geological units 
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between Sebha and the basement exposure in 
Concession 77 (northeastern M urzuk basin) : 

H am m a cl a e a s t of S e b h a : Conti
nental sandstone of Jurassic to Lower 
Cretaceous age (Messak Sandstone, formerly 
Nubian Sandstone). 

S e r i r e 1 G a t t u s a : Basal Upper 
Cretaceous sandstone (Ben Afen Beds) .. 

The first base camp will be at 
approximately 26° 22' N and 16° 47' E. 
Precambrian basement is exposed a few km 
east of the campsite. Messak Sandstone, 
Upper Cretaceous sandstone and Paleocene 
carbonates crop out at an isolated hill directly 
west of the camp. 
Stop 1: See attached geological road 

log map of Dor el Msid, Dor el 
Gussa and Djebel Ben Ghnema 
area (Pl. 3) . 
Precambrian granite 
transected by quartz, pegmatite 
and aplite dikes. Granite is 
eroded to a near peneplain 
stage (Fig. 33). 

Stop 2: Intensely folded Pre-
e am b r i an quartzite and 
siliceous slate. To the west is 
Hassaouna Sandstone of Cam
brian age, a conglomeratic 
quartz1tic sandstone, down
dropped along a distinct north
east trending fault and in 
juxtaposition with Precambrian 
rocks. 



Stop 3: 

Stop 4: 

Fig. 33 Precambrian granite north of Dor el Gussa (Sto/J 1 ). 

B a s a 1 t f 1 ow originating 
from Djcbel HaroLtdj. This lava 
flowed through a very narrow 
wadi approximately 15 km long 
(see Fig. 2) and spread west of 
an escarpment formed from 
sedimentary rocks of 11aes
trichtian to Paleocene age. 
Here the flow covers an area of 
approximately 150 km. This 
particular basalt belongs to the 
oldest generation of Djebcl 
Haroudj volcanism and is 
probably late Tertiary in age. It 
is remarkable that so little 
erosion has taken place since 
the basalt appeared. 
S:rnd:; tones of the B e n A f e !1 

B e d s of Upper Cretaceous 
( M acstrichtian) age and the 
lower part of the Paleocene 
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Stop 5: 

carbonate and shale sequence. 
The lower Paleocene consists, 
from bottom to top, of lime
stone and dolomite with Turri
tella >p., pclecypods and dasy
cladaceae, which are probably 
equivalent to the Socna 
Mollusc Beds, Dor el Gani 
Marl, and Scedida Dolomite 
with megafossil casts. This part 
of the section is probably of 
Danian age (Fig. 34). 
Stratigraphic continuation of 
stop 4 into higher parts of 
the P a l e o c e n e s e c t i o n. 
Basal shale and overlying 
limestone of the Dor el Msid 
Claystone containing pelecy
pods, gastropods, echinoids, 
nautiloids, and foraminifera 
including Rotalia henso11i, 
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10 20m 

Limestone, orgillaccous, yellow, fossiliferous ( echinoids). 

Mori, soft, c;1reenish gray to yellowish gray, fossiliferous . 

Limestone, or9illoceous 1 grayish yellow, fossiliferous {Qperculinol 

Marl 1 soft, greenish Qray 1 fossiliferous at base (echinoids). 

Limestone, or9illoceous 1 thick bedded, yellow, very fossiliferous. 

(large nautiloids, gastropods, pelecypods 1 Ooerculina) 

Marl, soft 1 yellow, fossiliferous . 

Alternating cloystone 1 greenish gray and marl, yellow, very 

fossiliferous. 

Limestone 1 arg1\loceous 1 thick bedded 1 yellow, very fossiliferous, 

partly coqu1no ( pe le cypods, gastropods, e chinoids, naut iloids ). 

Marl, soft 1 greenish gray, fossiliferous ( pelecypods, gastropods. 

echino1ds 1 nouti101ds l ~ 

Limestone, orgilloceous, slightly silty, yellowish gray 1 very 

fossiliferous . 

Claystone, soft, greenish 9roy 1 fossiliferous . 

Dolomite, partly orgilloceous, bedded, yellow, rare fossils . 

Marl, sofl, yellow. 

Dolomite, yellow, slightly fossiliferous . 

Mori, dolomitic, soft, grayish yellow to yellow~ 

Dolomite, slightly orgillaceous 1 yellow, very fossiliferous. 

Marl, soft 1 slightly dolomitic, yellowish orange. 

Marl, very calcareous, yellowish orange. 

Marl, soft 1 sligh11y dolomitic, yellowish orange . 

Limestone, yellow, fossiliferous . 

Morl 1 soft, yellowish orange. 

Dolomite, slightly ort;~illaceous, yellow, fossiliferous 

Sandstone, fine to coarse grained, argillaceous matrix, 

gray to sli9htly purple; in the upper third very 
orgilloceous, common iron oxide concretions, 

Sandstone, medium to coarse groined, cross-bedded, calcareous 
cement. 
Sandstone, fine to very coarse groined, orgilloceous matrix, 

poorly induroted, gray to slightly purple, reddish brown mottled, 

iron oxide concretions vertical to bedding plane. 

Stratigm/1hic column of Dor el Msir!., Stof;s 4 and 5. 
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R. trochus, R. trochidifmm.is, 
Disco·rbis sp., and ostracods, of 
Middle and Upper Paleocene 
age. Above the Dor cl Msid 
Claystone is marl intercalated 
with three very fossiliferous 
limestone beds including nauti
loids, pelecypods, gastropods, 
cchinoids and foraminifera : 
0 pe rculina canal if era sindensis, 
Lockhartia haimei, Daviesina 
sp. and others. This unit is 
named Operculinoides bed and 
is Upper Paleocene in age. 

SECOND DAY 

Drive south across Serir-type plain to Wadi 
Gnssa. Along the first 10 km, to the west are 
small hills formed by Messak Sandstone 
(Nubian) of Jurassic to Lower Cretaceous 
age and to the east are hills formed by base
ment rocks. Beyond the basement is an 
escarpment with Upper Cretaceous to 
Paleocene strata. After 20 km the scarp to 
the west (Dor el Abeid) shows outcrops of 
Upper Cretaceous to Lower Eocene age and 
m the east are basalt flows and volcanoes of 
Djebel Haroudj . We reach Wadi Gussa after 
approximately 25 km. Basal Hassaouna 
Sandstone of Cambrian age crops out in the 
range of hills to the east. A detachment of the 
British Long Range Desert Group laid out 
mines in World \!Var II at the southern encl 
of Dor el Abeid. 
VVe enter northern Dor el Gussa through a 
narrow wadi 30 to 35 km south from first 
base camp. South of the wadi is rather steeply 
dipping Hassaouna Sandstone and north of 
the wadi is continental Mcssak Sandstone. 
Stop 6: V ery coarse-grained- to con-

glomeratic M e s s a k S a n d
s t o n e overlies the Hassaouna 
Sandstone and other Paleozoic 
formations. 

Enter Emi Tugui, a basin-like valley m 
northern Dor el Gussa. 
S t o p 7 : T a n e z z u f t S h a 1 e of 

Silurian age, gray to brown, 
frequently silty and interbedded 
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Stop 8: 

with some fine-grained sand
stone, thin to locally thick
bedded with abundant siltstone 
stringers. 
The following fauna was 
found: ClimacograjJtus scalaris 
scalaris, C. scalaris no1 mali.r, C. 
sp., C1yptograptus sp. aff. 
tama riscus, and different 0 rtho
cerae and Lamellibranchiata e. 
The Tanezzuft Shale grades 
upwards into A c a cu s 
S an cl s ton e also of Silurian 
age. The Acacus Sandstone is 
shallow marine with a partly 
continental facies, containing 
trace fossils such as H arlania 
and Cruziana rn the manne 
lower and upper parts of the 
section (see stratigraphic 
column of northern Dor el 
Gussa, Fig. 35). 
Strong unconformity 
between M e 1 e z C h o g r a n e 
S h a 1 e of Ordovician age 
and underlying H a s s a o u n a 
Sandstone of Cambrian 
age (Fig. 36 and 37) .. Hassa
ouna Sandstone is medium- to 
coarse-grained and very rich in 
feldspar and kaolin. The Melez 
Chograne Shale is brown to red, 
very silty and interbedded with 
siltstone and sandstone. At 
stop 8, the Melez Chograne 
Shale is only about 12 meters 
thick. It is disconformably 
overlain by Memo uni at 
S a n d s t o n e, also of Ordo
vician age, fine- to coarse
grained, thick-bedded, partly 
quartzitic and rarely contains 
trace fossils like Tigillites. 
Approximately 10 km west
northwest of stop 8, m a very 
narrow and impassable wadi, 
typical Haouaz Sandstone of 
Lower O rdovician age is 
exposed below the Melez 
Chograne Shale. 
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ebal~, ~ra;; to green , abundaot Brachiopoda, Ch.::metes, 
CB.Jrarotoechia, Syrinbotb;yris cu spida t a . 

slight unconfon:ii ty 
bone-bed 
sands t one, grs y to brown, fjne-grained, t.Mn-bcdded., partly 
:ferniginoue, trace .!'ossilo 'Bifungj tea a.o.), Tr:!ntaouli tee. 

s.<J.ndstone, gray to brown, "fine- to medium-grain9d, thin- to 
thick-bedded, partly cross-bed.Jed , fri able. 

i::race foeeils rars 

sandstone, ~ray to bro·.m , f i ne- to r.iedium-gra.ined, nol'l!la.ll;r 
thin-bedded, partly silty to olayey 1 interbedded with socc 
eiltetonG and silty shale, trace foseila. 

qua.rtzi te 

quartzite 

shale, gray to bro\,(?l, silty, interbeddeJ. with siltstone and 
thin-bedded, fine-grained aandetone. 
J..bundant trace f o s6ils like Spirophyton and Tisilli tee, sca.ree 
brachiopo:is (Lingula, Crania) . 

sa.mls tone, gra.y to li 5ht-browt1, fine- to mediurn-grained, partly 
qnarnitic, ~lBU.<.ill y thick-bedded , Tigilli tes a.nd otht'!:r trace 
fossils, prints of fish and :fossil plants. 

sand s tone, brown ta whi ta, fine-grained to con5lomerei. tic, thick
beJJej to massive , cross-beJde ..:i , pio.rt l y ferruginoue, very f1·iable, 
scarec fossil plants. 

s anls tone , white to b roW?'l., :'ine- to m.e rl) '..lrn-Etrained, t hick-bedded , 
friablB to quartzi tic, interbe dJ.cd. with s andstone, brown to red, 
f ine-grained , ciua:rtzitic a.nd clayey silts tone , 5ray to red, quartzitio , 
containi n g sr.:arse "tr11ce fu&sils (Earlania a. . o . J. 

s andstone , w'hite to bro1rn , fine- to co arae-erairied, t hi ck-bedde d 
to massi ve, ~requently cross- bedded, parly ferruginolls, friable 
to quartzitic, minur ir1'teroalatior.s or' thin-b6dded isilty ae.ndstone 
with scars e t r ace fossils, 

sand ~tonc, l i eht g r a;,• to red b 1•0•.m, fini::-grai ned, th in to 
th:i ck-"::i edded, clay~:- an:! ::ril ty to qua.rtzi tic, trace fe ss ~ ls 
(Barl:=.ni a a .a.). 

shale, gray t o ligCt-brown, frequently silty, scattered le..y&ra 
of thin-bedded s <i.ndstone, fine-gra.1ned and stringers of silta~ona. 
J..b undan t grai;toli t es, Lamell i branchiatae ELnd Crthocera e ( zone 1 9 , 
Llandovery), 

sandstone , gray t o bro wn , :fine- e;ra ined , thin to t h i ck-be.iie!, 
s ome si l t and shale ini~ rcalatior:s. 

shal -.1 1 ;;.ray t o li6]L t-brvThn, f'requent l y silt.:t, in"terbedded wiih 
some fine- grained !l.'l andstone, common siltstone s tr1ngers, some 
gr"l.ptolitee (zone 1 9 1 Llando-very ) . 

sand.a tone, ':$.!'<.i.y t o brown , f i ne - t o co&r&e-i;rained, thi ck-bed..!ed, 
partly qua r tz itic, sca rse Ti&illites. 

shale, brown to red , e. ] l ty , ferruginous 1 inte1·bad.:!ed with 
fine-grained sandstone and silts tone. 

~and stone, light-gra;y, f in t!-graineJ , thin to t h ick:.-bedjed, 
f'J.'.la.rtz i tio, abundcmt '!'i~illi tes sp. and other trace fossils. 
At stop B Melez. Chograne Shale .iirectly overl f es Hassao•.ma 
Sandstone . 

ang"Jlar unco nfoI'tlli ty 

sandstone, gray to 'W'hite, medi"..1m-erained to conglomeratic, thick-
..,n,.1.1 ,.,1 • ,. - • -- · • 
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EL GUSSA 

EASTERN 

sandstone, brown to :red, fine- to medium-~rained, pa1·tly 
crosebedded, intercala.tions of multicoloured silty aha.le. 

alight unoon:formi t.y 
calcarani te 

interbedded limestone, dolomite, 
marl and aha.le, some gypsum 

limestone, freq,uently ca.lcareni tic 

limestone and marl, partly very fossiliferous 

calcareni te 

interbedded lioeetone, marl, shale and. some gypsum~ 
Limestone and. marl partly very foeeilif'erous 

calca.reni te 

in"terbedded limestone, marl, shale and some 
fine-grained sandstone 

poorly exposed , poeeibly not ae thick 
as indioatod 

+ rythm.ioa.l alternation of eh6-le, gray to green, 
t'o'tfarde the top gTading into eil tstone and fine
grained sandstone, white to gray,· thin to thick
bedded, f'ria.ble. The shale Conte.ins brachiopode 
and different bivalves (Chonetes and Ca..marotoech i"'
are typical), Yhilc the sandstone cor..taine ecattereJ. 
plant remains and brachiopods. 

:pretl.ominantly aha.le, g ray to green, containine bracbiopods, 
bivalves, crinoida and Orthocerae. Ninor interca.lations 
of fine-grained eil ty sand atone. 

alight unconfonni ty 

sandstone, thin to thick-bedded, brown to gray, f'ine-
to medium-grained, scarce trace fossi l s and tentaculi t ee. 
Bone-bed l ocally present , 

sa·nd.stone, gray to ligb. t-brown, fine-grained , 
thick-bedded to massive. 

s::i.ni:!.stor..-, gra.y , !1.n~smnci-it, thin-bedded, 
quartzittc 1n ~Tt, 98X' ~ly sil._:r and clayey, 
sligI'.t c.alc~""'"°l:JO ~ont, 110.t.rDa J nteroalatiol'ls 
of sil t a-ton• •.n~ •il :y Malo. r :-ace fo esils, 
prin ts Q( l'l U ad !'ooll.! ~i..a:e 

ab.&l.11, urq t o brown, 1.10.:=all.f •B <:y1 ~r:to :-)tt4.!:1od 
d-:b r.!l'":.4tonct and thi n-bed.dad. !':Sne-o=a!md u.nd•1"Crd!' . 
ii.bun.clan : t~~ fossils , UJICICf•U)" Sp~ro;:ittY'Con on all-ii 
and 84'.nihtor.&-beds, fi &b roa:.&inD, •;aru ~nehJo;x>'il• and 
ertnoi:!.9 . 

Ball~d t<rne, ril"lt: kl 11e odi:u~-srainodJ ~:-:ly quurtzitic1 
(..7'flY to brown , thi n :.o th.leie-l:if:d~ed , abuni!a.nt tra.ce 
fo511l11 (cu1pooi•l ly ":'ilti-lll!.o•) , into r'btJ.dei wi t h 
o.tl4a1oni:i •r..d ~Y to rod •U-<;y "b.ei.lo. 
Sc.a:-ao ;irlnu ot f!ah an~ !'oHJ1 ;.1a.ntc ~ 

eandstone, fine to eoaree·-graine•l, white to 
brown, partly very ferruginous, normally t!i.ick
beddej to a:.a.eeive, croee-bedded, friable, 
scarse fossil plants. 

unconfonni ty 
shale, gTa;y, gra:Ptolites (zone 19, Llandovery) 

sil tetone and sandstone, gray, i'ine-gra.ined, 
ehalo strinc;ers. 
uncon:formi ty 

sand.stone, norm.ally thick-bedjed to mass"ive, gre.y 
to brown, f'ine to coarse-grained, cross-bedded .. 
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sandstono , B'ray to brown, fine- to medium-grained, nol'I!lally 
ihin-b.:=dded, klartly ail ty to olayey, interbedded with some 
siltstone a.nd silty shale, trace fossils. 

qu.<J.rtzi te 

quartzite 

shale, gray to brown, silty, interbedded with siltstone and. 
thin-bedded, fine-grained eandetone. 
J..bundant trace fossils like Spi rophyton and Tigilli tee, sca.rae 
bra.chiopo1s (Lingula, Crania). 

sandstone, grey to light--.,rowt1 , fine- tt:l 1:1ediurt1-grained , partly 
qnartzltic , usu a lly tbick-'bedded, Tigillites c;.nd other trace 
fo 3sile, prints of fish und fossil plants . 

ean1eto ne, brown to white, fine-grained t o conglomert:t.tic, tbick
beJJei to massive , cross-beJde·i, pc..r t l y ferruginous, ve ry ft·iable, 
scarse fossil plante. 

sanlstone, ·..-hite to b roW!l. 1 :'irie- to medium- grained, thick-beddeG. 1 

fri o.b1'::, to que.rtziti c , interbedJed wit.h sandstone, brown to red, 
fine-grained, qu art:z.itic and clayey siltstone, gray to red, quartzitic, 
cor;ta.ining suarse t race f1.H:1ails (Earl a.nia a.o . ), 

sandstone, wtite to brown, fine- to coarse-erai ned , t h )ck-bedded 
to tn2.ssive, .."req_ueritly cross-beC.l'ied, parly ferruginous, friable 
to quartzitic, min0r intercalati.cn s oi thi!'\-bedded sil+;y sanC.stone 
with sca rse trace foesi l s. 

sandstone, light gra;{ to red bro vn, fjnr3-gra.ined, thin to 
thi ck-b.::dded , c l ayey tl:i.d. silty to quartzi tic, tra:e !'c ssi l s 
(Earl<=-ni tl a .a. ). 

sln1le , gra.y to liGilt-brown, freque:1.tly silty, scatte red layers 
of thin- bedded au,dstone, !'irie-~rai ned. a.nd stringers 01~ sil ta~ona. 
Abundan t graptolites, La.mellibranchiatae and Crthocarae (zone 19, 
Llandovery). 

sa.ndstone, G"ra.y to brown , fine-grained, thin to th i ck-bedd.e.!., 
some silt and a!:a.l ll intarcalatior:s. 

s!i.al •! 1 c:ray to li5ht-bro .... -n , frequently sil ty , in t erbedded with 
some fine-erained sands tone, coinmon siltstone strin£ers, saroe 
gr:i.ptolites (zone 19, LlandoYery ) . 

sand s to ne , '3,rfJy to b rown , f i ne- to coarse- grained. , thick-bed.!ed , 
partly q_u .s..rtz i tic , scarse Ti&illitea. 

shale, brown to red , e::i l ty, f errugino!.iS, interbad.ied ri th 
f'ine-grainod sandstone and ail ts tone. 

s&ndsto ne, light-&ra,v , fi ne-graineU , th in to thick-bedded , 
11uartzi tic, abundant Ti~·illi tea ap. and other trace foseila. 
At stop 8 !•lelez Chogrenc Shale Jirectly overli'es HaasaoiJna 
Sand.atone. 

antr.llar trnconfo:no i ty 

sandstone, gray to white , medi-..~m-eraine·i to ccnglomeratic, thick
bedded to mo.s sive, cross-bedded, contains feldspar ar.d kaolin, 
~hicl<ness at north"'rn tor el Gussa: more than l 70C m. 

ant,ula.r unconf'ormi ty 

'lua r tzi t~, eili ceous slate, schiat, intensely :folded. 

grani t~ 
1 

inte rsecte d by quartz, :pegma ti te and apli te dikes. 
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cal careni te 

interbedded limestone, marl, shale an:! some gy'PBUm, 
Limestone a.'nd marl :partly veri fossiliferous 

calcareni te 

interbedded limestone, marl, shale and some 
fine-grained sandstone 

:poorly exposed, possibly not ae thick 
as ind.ica ted 

+ rythmioal alternation of ehale, gral" to green, 
'towards the top grading into ail tstone and fine
srained sandstone, white to gray, ' thin to tb.ick
bedded, friable. The aha.le Contains: bracliiopoda 
and different bivalves (Chonetes and Camarotoechia 
are typical), vhile the sandstone cor.tains scattered 
plant remains and brachiopods. 

predominantly ehd.le, gray to green 1 containing brach iopo de, 
bivalves, crinoids and Orthoce rae. !Hnor intercalations 
of :fine-grained ail ty sandstone. 

slig-ht unconfonni ty 

sandstone, thin to thick-bedded, bro'Wn to gray, fine-
to medium-srained, scarce trace fossils and tentaculi tee. 
Bone-bed locally 'Present. 

san.tstone, gray to light-bro'fln, fine- grained , 
thick-bedded ta maeeive . 

sanG.etone 1 gray, fine-grained, thin-bedded, 
quartzitic in part, pa.rtly silty and clayey, 
slight calcareous cement, scar.ee irnercellations 
of siltstone and sil ty shale . Trace f'ossi l s, 
prints ol :fish and f'ossi1 plants 

sh.a.le, ~ t.o brown, non;ally ail:~-• .1n!tirbe.:Sd0\f 
vi~h Al :.D !on.q, and thi n-bn cfdod .!'irio-r;reJr.11.d •&nd.ai:oM .. 
..urur.-d.an : ~=ace :fossils , aapoo!ally S])i :-o;ll.:r~on on oil~ 
e.nci u.nd..11to.r.O-beds, f ith rom.a.J:na , •ra-.r•• 'b n.chi o;oQ and 
r.lno1~• . 

eand.;tone, fine to medium-grained 1 partly quartzi tic, 
gray to bro'W?l. 1 thin to thick-bed<led., abundant trace 
fossils (especially Tigilli tee), interbe.ided with 
ail ts tone and gray to l'0d ail ty shale. 
Scarse prints of fis.b. and fossil :plants. 

sand.stone, fine to coaree·-grainetl, white to 
brown, partly very ferruginoue, normally t!iick
bedclei to a:asaive, erase-bedded , friable, 
scarse fossil plants. 

uncon-formi ty 
shale, gray, graptolites (zone 19, LlandiJvery) 

siltstone and sandstone, gray, fine-grained, 
abala strin&era. 
unconformity 

sand.stone, normally thick-bedied to l!la.asive, gray 
to brown, fine -to coarse-grained, cross-bedded .. 



Fig. 36 Unconformity between Hassaouna Sandstone of Cambrian age and Melez Chograne 
and Mcmouniat Formations of Ordovician age (Sto/1 8). 

Return to Wadi Gussa and drive westward to 
Emi 1\!Iagri, passing continental conglomer
ates of the Messak Sandstone which, from 
west to east, transgressively overlie different 
Paleozoic formations (Fig. 38). Block fault
ing results in the formation of north-north
east trending horsts and grabens (Fig. 38). 
Stop 9: Upper part of Tad r art 

S a n d s t o n e of Lower 
De\'onian age. While the lower 
and the middle parts of the 
Tadrart Sandstone are cross
bedded and possibly of con
tinen ta! origin (see Stops 11 
and 12b), the upper part of the 
formation consists of well
bedded, fine-grained manne 
sandstone contammg trace 
fossils, especially Tigillites and 
fish prints. 
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S top 10: Equivalents of U an C a z a 
F o r m a t i o n of Middle 
Devonian age. This unit is 
thin-bedded silty shale, siltstone 
and fine-grained sandstone, 
contammg abundant trace 
fossils especially S j;irophJiton 
and rare Brachiopods (Lingula, 
Crania). The Uan Caza For
mation equivalent is discon
formably overlain by the 
equivalent of Ao u in et 
0 u e n i n e F o r m a t i o n of 
Middle to Upper Devonian age 
(Fig. 35 and 39). The Aouinet 
Ouenine equivalent is sand
stone thin to thick-bedded and 
fine-grained, partly quartzitic 
and interbedded with siltstone 
and some silty shale. Trace 
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U/1/1er PClrl of V<m Caza Fomwliou C111d lower /mrt uf Ao11i11et 011e11i11e Formation (Stn/> JO). 

Fig. <JO Major /1111/t within 1°11drarl: S1111dsto11c, cmtcm blocll 11/1ll1row11. bctwN!ll Sto/1s l'la ""rl 12b. 
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plain made of Tanezzuft Shale 
(see article about rock carvings, 
this guide book). 

Drive back to stop 11, continue for about 
60 km south-southwest following a wadi 
developed by the erosion of the U an Caza 
Formation. The depression is limited to the 
west by an escarpment up to 100 meters high 
consisting of the upper part of U an Caza 
Formation and lower part of Auoinet 
Ouenine Formation. The eastern border of 
the depression is a scarp of the Tadrart 
Sandstone. 
S top 14: Shale, siltstone and fine-grained 

sandstone of the U a n C a z a 
F o r m a t i o n. Abundant 
trace fossils, especially S jJiro
jJhyton are found. Uan Caza 
Formation is overlain by fine
grained sandstone, siltstone and 
shale of the A o u i n e t 
Ouenine 
This stop 

2. camp 
IS 

Formation. 
close to base 

Approximate coordinates of base camp 2 
(southern Dor el Gussa): 25°10'N.-
160 15' E. Former geological field camp of 
both CPTL and DEA Oil Companies. 
Surrounded by scarps and hills of Uan Caza 
and Aouinet Ouenine Formations (see 
stratigraphic column of southern Dor el 
Gussa, Fig. 35). 

THIRD DAY 

Drive from second base camp across Serir es 
Sebaa towards the eastern scarp of Djebel 
Ben Ghnema. Several small scarps on the 
Serir es Sebaa expose thinbedded fine
grained sandstone of Mrar Formation of 
Lower Carboniferous age (Fig. 42) _ 
S t op 15: One of several small scarps 

with outcrops of sandstone, 
limestone and marl of 
A s s e d j e f a r F o r m a-
t i o n of Carboniferous age. 
The beds dip gently westward 
towards the center of the 
Murzuk basin. Erosion of these 
rhythmical sedimentary units 
show shale and marl to form 
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more or less :Rat depressions 
and sandstone, dolomite or 
limestone to form small escarp
ments. Abundant fossils are 
found, particularly in marl and 
limestone beds: Trilobitae ind., 
N eoglyj1hioceras sp., Clwnetes 
carbonif era, Lino p1 oductur 
corn, 0 rthotetes ( S chellic'i-
nella) c renisil ia, P roductus 
co-status, P. semi1 eticulatus, P. 
(Gigantella) undatus, S j;irifet 
convlutus, S. grandicostata, S. 
striatus, Bellero jJhon, sp. Com
posita ambigua, De rb a cf. 
robusta, Schizostoma catilla, 
Porcellia sp., Fenest1 ellina cf. 
ri.pistcria. 

S top 16: Approximately 50 meter high 
scarp directly cast of Djebel 
Ben Ghnema. Shale, marl, 
limestone, dolomite and cal
carenite of Dem b ab a For
m a t i o n of Upper Carboni
ferous age. Fossils: Productus 
semireticulatus, P. ( Gigantella) 
u.ndatus, Pustula jJustolosa, 
Bellerophon sp., Schizostoma 
sp .. , Zaphrentis sp., Fc11cst1 el
lina sp., Crinoidea ind . 

S top 17: Easternmost scarp of Djebel 
Ben Ghnema. Red silty shale 
and brown to red, fine-grained 
sandstone, partly cross-bedded, 
continental Post Tass i
ii en Group slightly uncon
formably overlying the Dem
baba Formation. Abundant 
p r eh i s t o r i c r o c k c a r v
i n g s (see article about rock 
carvings, this guide book). 

Continue south-southwest along the eastern 
scarp of Djebel Ben Ghnema. Outcrops of 
Dembaba Formation. 
S top 18: Marl and limestone with 

abundant LinojJroductuY corn 
and other brachiopods. D e m
b ab a Formation (Fig. 

43)' 
Stop 19: Continental Post Tassi-

Fig. 42 Small escar/n11e11t ty/1ical for Carboniferous ex/1osures, Mrar Formation. 
Land Rover for scale in the right middle ground. 

l i e n sandstone, brown to red, 
fine to medium-grained, partly 
cross-bedded. Abundant p re
h i s t o r i c r o c k c a r v
i n gs. 

Driving southeast on a seismic line made for 
British Petroleum in BP Concession 64, we 
cross complete Carboniferous section of 
eastern Murzuk basin. \Ve always drive up 
the bedding planes which dip gently west
ward towards the Murzuk basin, and down 
the steep scarps facing the eastern edge of 
the basin. This outcrop pattern is due to 
rhythmical alternation of soft shale, siltstone 
and marl with hard limestone, dolomite, 
calcarenite and sandstone. 
S top 20: Fine-grained, gray, friable 

sandstone of Lower Carboni
ferous M r a r F o rm a t i o n 
overlying basal Carboniferous 
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shale. The sandstone contains 
the following plants: LejJido
dendron losseni, L. cf. volk
mannianu.m and L. cf. velt
heimi. Further northward, this 
part of the Mrar Formation 
contains the following fauna: 
Camarotoechia sp., Productus 
costatus, P. semireticulatus, 
S pirifer sp., M egalodus sp., 
Orthoceras sp. 

Stop 21 : Contact between 
D e v o n i a n a n d C a r-
b o n i f e r o u s a g e s t r a t a. 
Basal Mrar Shale disconform
ably overlying sandstone of the 
Aouinet Ouenine Formation. 
At Dor el Gussa, this sandstone 
contains tentaculites, while the 
basal Mrar Shale contains the 



Fig. 48 lnterbedded liml'slone and marl, Dt'mbaba Fo rmation (Sto/J JS). 

following fauna: Camal'o·
toechia sp., C honetes dalma
niana, Ch. sp., Lingula sp., 
Orthotetes (Schelhcin ella) 
crenistria, S pirif er sp., S)•rin go
t hy1 us cuspidata, j\,f ic helinocc
ras sp., Orthoceras sp., Edmon
dia cf. oblonga, Protoschizodus 
sp., Bellero phon sp. , Crinoidea 
ind., Rh}'nchopo.,-a sp. 

Return to base camp 2. 

FOURTH DAY 

Divide into two groups. 

Group one flies from base camp 2 eastward 
over strata of Devonian and Cambrian to 
Ordovician age. Near Uau el Chebir, a small 
oasis irregularly inhabited by Tibu nomads 
and semi-nomads, small escarpments formed 
by rocks of Paleocene to Lower Eocene age 
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are O\'erflown. This is the western edge of 
the Scrir Tibesti. 
S top 22: Land at U au e n Nam us 

(article by A. Pesce, this guide 
book). Uau en Namus is a late 
Quaternary volcano situated at 
the nor thwestern edge of the 
Serir Tibesti. The volcano lies 
within an older caldera, 4 km in 
diameter, which is surrounded 
by a thin cover of black vol
canic ash. T he inner volcano is 
approximately 110 meters high. 
At its base are situated several 
lakes with palm-trees and reeds 
along their shores. The south
western lake is feel by hot, 
sulfurous vvater. 

After take-off, group one flies sou th over the 
featureless Serir Tibesti and the northern 
edge of the Tibesti mountains where ex-

posurcs o[ folded Precambrian rocks and 
Precambrian granite are seen. Between 
Aozou, a Tibu oasis in northeastern Tibesti, 
and Bardai, the Bardai Sandstone of probable 
Cambrian to Ordovician age and late 
Tertiary \'Olcanics will be O\'erflown. The 
airplane will land nea r Bardai. 
Group two flies directly from base camp 2 to 
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Bardai and flies over the same u·eolou·ical and D D 

morphological units as group one. About 
35 km southeast of base camp 2, a volcanic 
ring dyke 5 km in diameter partly fi ll ed with 
porphyritic rocks can be seen. 
Stop 22-Uau en Namus-will be visited on 
the fifth day by group two on fli ght from 
Bardai to Tripoli. 



ROAD LOG 

BARD A I-TR 0 U AU NAT R 0 N (TI B EST I) 

by 

P. ERGENZINGER 

(Freie Universitat Berlin) 

Translated by ]. C. Pratsch 

(Mobil Oil Co. of Libya) 

We land at the airstrip 15 km from Bardai 
(altitude 1040 meters). The airstrip is located 
on a tectonically controlled sand covered plain 
surrounded by sandstone hills (See Plate 4). 
The western escarpment stands out distinctly. 
The southern end of the escarpment is 
formed by Precambrian folded schist. The 
Gani basalt cone, rising above the plain, is 
related to the Quaternary Ehi Tougoumtiou 
basalt-andesite volcanism. The Ehi Tou
goumtiou volcanic remnant is situated in the 
southeastern part of the plain. 

st 0 p 23: 
5 km 1015 m 

Bardai 

A low sandstone ridge dis
sected by numerous west
ward trending faults sep
arates the Bardai basin from 
the airstrip plain. This basin 
is also tectonically controlled. 
In general, the sandstones 
of the Bardai area dip to 
the northwest. However, in a 
narrow strip east of the 
Enneri Oudingueur-Bardai 
escarpment, they dip to the 
southeast and thus form the 
western limit of the Bardai 
basin. Furthermore, the basin 
is located on trend with the 
low amplitude depression 
between the Tarso Ourari 
and the main ridge of the 
western Tibesti mountains 
between Tousside and Tarso 
Yega. 
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Bardai is the administrative center of the 
Tibesti mountains. The different villages of 
the Bardai oasis are built along both sides 
of the Enneri Bardague, primarily on the 
high water terrace. Each village is a loose 
assortment of settlements. Each settlement is 
surrounded by a reed fence and consists of 
a round living hut with a dome-shaped roof 
(See Fig. 44), a round corral for sheep and 
goats, a cube-shaped date store built on an 
elevated base, a date drying rack two meters 
high. The triangular-shaped oldest portion of 
the Bardai Fort was built by the Turks at 
the end of the last century. Rock carvings 
showing Ethiopian fauna, cattle, dancers 
etc., can be visited at Bardai Sandstone 
exposures east of Bardai (See Fig. 29). 

FIFTH DAY 

st 0 p 24: 
Fourth day for group two. 
Bardai Sandstone 

The Bardai Sandstone is 
well exposed on both sides 
of the breached valley, 
Enneri Bardague, between 
Bardai and Kadoua (see 
Fig. 44). The Bardai Sand
stone dips up to 30 degrees 
southeastward and consists 
dominantly of cross-bedded 
sandstone with some quartz 
pebble layers and purple 
shale beds. The thickness of 
the sandstone reaches 300 
meters. The contact between 
sandstone and Precambrian 
schist indicates a low degree 



of weathering. The discove
ries of silicified wood by 
Dalloni ( 1934) have led to 
the disputed interpretation 
that the Bardai Sandstone 
belongs to the Nubian Series 
(ref. geological map by 
Wacrenier, 1958). However, 
the similarity of the Bardai 
Sandstone to nearby Cam
brian sandstone, the visible 
effect of strong tectonics and 
the overthrusting of these 
Bardai Sandstones upon 
basement in the Mossa 
valley all suggest a Paleozoic 
age for the Bardai Sand
stone (Klitzsch 1965). 

st 0 p 25: 
10 km 1080 m 

st 0 p 26: 
15 km 1100 m 

Precambrian (Tibes-
tien Superieur) 
The track leads southwest
ward in front of the Bardai
Enneri Oudingueur escarp
ment, crossing lower and 
upper terraces and continues 
through a V-shaped valley. 
This V-shaped topographic 
expression 1s typical of 
valleys in Precambrian slate. 
Steeply dipping slate and 
quartzite of the Tibestien 
Superieur is exposed. 

Two very extensive terraces 
can be distinguished near 
G o n o a, again above the 

Fig. 44 Tibu settlement west of Bardai showing ty/Jical Tibn dwelling. 
Bardai Sandstone forms escar/nnents (Stop 24; Photo E. Klitzsch) . 
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UT = Upper Terrace L T = Lower Terrace 

Stop27: 
17 km 1120 m 

Fig. 4:) Geological section at Gonoa (Stu/J 26}. 

high water level of the river 
bed. The upper terrace 
(elev. + 25 meters) and both 
levels of the lower terrace 
are marked by dark gravel. 
Ignimbrite and tuffs, in
cluding remnants of an older 
gravel terrace, are uncon
formably covered by upper 
terrace gravels (See Fig. 45). 
The rock carvings of Gonoa 
were carved and incised into 
ignimbrite blocks above the 
lower terrace. Pictures of 
elephants, giraffes, rhinoce
roses and antelopes are of 
much interest; carvings of 
cattle predominate. This 
neolithic location has become 
well known for the larger
than-lif e representation of 
the "Man of Gonoa" (See 
Fig. 30, 31, 32). 

Two km past Gonoa and 
south of the track is remark
able outcrop showing the 
c o n t a c t between the 
f o 1 d e d s c h i s t and the 
overlying light-colored 1 g
n i m b r i t e t u f f s and 
greenish i g n i m b r i t e 
1 av as deposited m the 
valleys (Fig. 46). 
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st 0 p 28: 
33 km 1200 m 

Enneri Oudingueur 
Canyon 
The contact between Bardai 
Sandstone and Tibestien 
Superieur is well exposed 
near the exit of the Ouding
ueur Canyon. Continuing, 
the track leaves the upper 
terrace, follows the canyon 
above the lower terrace and 
finally leads through the 
river bed. The track passes 
the so-called "picture gal
lery" located in a small 
terrace canyon. The rock 
engravings have a similar 
motive and style to those of 
Go no a. 
The upper and lower ter
races (the latter overlying 
the well-bedded, fine-grained 
"lake terrace") are locally 
well preserved, even in the 
canyon (See Fig. 47). Ig
nimbrite tuffs again occur 
beneath the upper terrace; 
they lie directly upon green 
ignimbrite lavas without 
interbedded tuffs. Nearby, 
the contact between sand
stone and schist 1s a slight 
antithetic fault. 
Additional rock engravings 
can be observed m the 
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Fig. 46 Different ty/Jes of ignimbrite cx/)()serl n(!ar Gunoa (Sto/J 27). 

lgT = lgnimbrite-Tuff lgnimbrite-Lava 

Fig. 47 Cross-section through the Enneri Ourlingueur canyon (Sto/1 28). 

Oudingueur canyon on sand
stone blocks lying above the 
upper terrace. The deposi
tion of ignimbrite in pre
existing valleys can be seen 
again at the canyon en
trance. On both flanks of 
the canyon are extensive 
basalt and andesite layers 
overlying a sandstone. The 
contact suggests that a pene
plained surface was formed 
on the sandstone. According 
to Vincent ( 1963), these 
volcanics are remnants of 
Tertiary plateau basalts. 
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After leaving the canyon, the track climbs 
along the drainage divide between small 
canyons, across a huge ignimbrite cover, up 
to the Tarso. This shield volcano has its cul
mination in the area of the Yirrigue caldera 
(See Plate 4). The north flank of the shield 
volcano dips approximately 3 degrees. The 
flank profile is, naturally, slightly convex. 
The ignimbrite cover varies to more than 
50 meters thick, at least where accumulation 
took place in pre-existing valleys. The shield 
volcano is not entirely formed by this rela
tively thin cover; it is the results of volcano
tectonic uplifting. According to Vincent, this 
shield volcano formed in early Quaternary 
time, as evidenced by the most outward 

tongues of the ignimbrite cover which pene
trate the valleys into the foreland. The 
ignimbrite cover of the Tarso Yoon, in con
trast, is interpreted as having flowed only 
over plains and thus to be late Tertiary in 
age. 
The Major and the Minor Trou are heralded 
by the first occurrences of tuffs and ashes 
overlying the ignimbrite 27 km beyond the 
canyon entrance. Their thickness increases 
continuously towards the Trou. About seven 
km before the Minor Trou the tuff thickness 
exceeds the depth of the valleys. The timber 
line is crossed at an altitude of about 1900 
meters. 
Here the strato-volcano of Ehi Time (elev. 
3040 meters) is clearly visible west of the 
track. Similar to Tousside and Ehi Mousgou, 
the core of the volcano consists of light 
colored trachyte. Trachyte forms the steepest 
slopes and walls of the volcano while fields 
of andesite blocks surround it. There is a 
crater with a diameter of about 500 meters 
at the top of the volcano. 
The Tarso high plain, with an elevation of 
about 2500 meters is as flat as a table top. 
The plain has a dense cover of Artemisia 
bushes. 
st 0 p 29: 
71 km 
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We stop at the Doon 
K i n i mi, the Minor Trou, 
a typical blow-out caldera 
1500 meters in diameter 
and about 300 meters deep. 
Ejected blocks several cubic 
meters in mass surround the 
caldera covering an area of 
about two km in diameter. 

T r o u a u N a t r o n (See 
Fig. 7 and cross-section on 
Plate 44) 
The Trou au Natron has a 
caldera diameter of six to 
eight km and a depth of 
700 to 1000 meters, depend
ing on the height of the 
surrounding wall. The walls 
of the Trou consist of con
formable and unconformable 
layered rhyolite (Vincent). 

Four smaller black volcanous 
rise out the white salt
covered bottom of the Trou. 
They produced andesitic 
lava and are up to 100 
meters high. 

The caldera was formed in two or three 
phases. According to Vincent, the bay
shaped extension in the western part of the 
caldera, where the local base is 400 meters 
abo\·e the recent main base, is a remnant of 
the primary phase. The small bay in the 
northwest is indicative of the second phase. 
The Trou obtained its present form after a 
third eruption. 
A first step to establish this genesis is to 
examine the deposits inside the Trou. 
According to studies by H agedorn (Berlin, 
personal communication), three generations 
of alluvial fans are distinguished by the 
degree of dissection, inclination and patina. 
Occurrences of diatoms, known for some 
time, have not been studied in detail. The 
highest diatom locality is beneath large 
erupted blocks in the western part about 
400 m eters above the Trou bottom. The 
second locality is at the base of small vol
canoes inside the Trou. Another method of 
relative dating is the topographic position of 
certain eruption masses. 

93 

In the north, the caldera of Trou au Natron 
occupies part of the caldera of Yirrigue .. The 
rim of the older caldera is visible as a step 
100 meters high in the northern Trou au 
Natron rim. Yirrigue caldera, a collapse 
caldera, was formed after the ejection of the 
ignimbrite cover. Trou au Natron and 
Tousside are located at the rim of this oldest 
caldera, which has a diameter of 14 km. Its 
bottom is covered by ejection material from 
later calderas. These ejection masses are 
covered by lavas from the Tousside. Thus the 
explosions of the Trou au Natron occurred 
before the ejection of Tousside hybrid lavas. 
The Doon Kinimi (Minor Trou) may have 
been formed during the time of eruption of 
Tousside, because its ejection masses rest 
upon Trou au Natron breccias. 
Tousside, about 3265 meters, the highest 
peak of the western Tibesti mountains, rises 



1000 meters above Yirriguc caldera. Its 
flanks dip more than 45 degrees and consist 
of chaotic, blocky, glassy and fresh lavas of 
trachyandesite. The volcano .is topped by two 
ash cones which a re locally still warm (more 
thar1 30 degrees rcnti~radc) . Fumarole acti\'
ity continues in thr area surrounding these 
cones. 
Pie Botoum, located south of the Trou rise~ 

450 meters above T arso T oussidc Plateau. I ts 
domina ting peak (elev. about 2300 meters) is 
built by gigantic wedges of fractured rhyolitc, 

its foundation is layered rhyolite, tuffs, and 
ashes. Older rhyolitcs also form Ehi o so, 
located 15 km east of the Trou, and the 
cockscomb of Ehi Dohoni which adjoins to 
the north. 
Return to the sta tion of Geoniorpholog-ical 
Laboratory of the Free U niversity of Berlin 
(Aussenstelle des Geomorpholo~ischen Labo
ratoriums der Freien Uni\'cn;itat Berlin ) in 
Barda i. 

152 km 1020 m B a r d a ,i 
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