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A RECONNAISSANCE REPORT ON THE GEOLOGY AND HYDROLOGY
OF THE WESTERN PART OF THE PROVINCE OF FEZZAN,
UNITED KINGDOM OF LIBYA

By H. A. Whitcomb

ABSTRACT

The area described in this report comprises the
western part of the Province of Fezzan, United Kingdom of
Libya. It lies almost entirely within the Libyan Sahara
and covers about 450,000 square kilometers (175,000 square
miles) of barren sand and rock. The Fezzan occupiles a
large erosional basin in which the climate and topography
are typical of an arid desert environment. The report con-
tains a map showing the major physiographlic features. The
population of the Fezzan, about 50,000 persons, 1is concen-
trated in the few isolated oases which form long, thin,
broken lines diametrically across the region.

The Fezzan basin 1s underlain by a great thick-
ness of sedimentary rocks which range in age from Cambrian
to Quaternary and lie on gneisses and crystalline schists
of Precambrian age. Geologic information obtained from re-
connaissance studies of the region indicates some major
breaks 1n the stratigraphic sequence due to the absence of,
or inabllity to distinguish, late Paleozoic and early
Mesozolc strata. The stratigraphic section 1is composed for
the most part of clastic deposits ranging from marine clay-
stones to continental sandstones and conglomerates. Chemical
sediments, limestones and marls, make up only a small part
of the sequence. The stratigraphic section 1is best exposed
in the northern and southwestern parts of the map area where
older rocks, elevated by monoclinal flexures, are exposed
in escarpments carved by erosion of wind and water. The
report includes a map showing the location, areal extent,
and relationships of geologic formations occurring in the
Fezzan. The basal stratigraphic unit consists of a thick
series of sandstones and conglomerates, apparently of con-
tinental origin. Because of the absence of definitive
fossils, these deposits are assigned a Cambrian and Early
Silurian (Ordovician) age. Upper Silurian (Silurian) strata
are preponderantly marine claystones with alternating thin
shaly sandstones and claystones 1in the uppermost part.
Overlying the marine clays 1is a second thick sequence of
sandstones and conglomerates which are considered to be in
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part marine and in part continental in origin. This
series 1s tentatlvely assigned to the Upper Devonian.
Lower Carboniferous (Mississippian) limestones, sand-
stones, marls, and clays comprise the uppermost unit

of the Paleozolic deposits. The Mesozoic 1s represented

by the Lower Cretaceous Nubian series, continental de- v
posits of interbedded conglomeratic sandstones and clay-
stones, and Upper Cretaceous marine limestones, sandstones,
and marls. Middle Eocene limestones and marls are the
youngest consolidated sediments in the map area. Quater-
nary deposits consist of alluvium in the uadi valleys,
eolian sands of the dune and sand-plain areas, and the
gravels of the stony deserts.

The ma jor source of water at the present time in
the western part of the Fezzan is the Quaternary sand and
gravel which compose the alluvium of the uadi valleys. The
major undeveloped sources of water in the Fezzan are the
consolidated sandstones and conglomerates of Cambrian and
Early Silurian (Ordovician) and Devonian ages and the Nubian
series of interbedded conglomeratic sandstones and clays of
Early Cretaceous age. Water encountered 1s generally under
conslderable artesian pressure which, in some places, is
sufficient to cause water to flow at the surface. The re-
port includes a map showing areas in which water may be
obtalned from artesian aquifers by relatively shallow drilled
wells.

The rocks underlying the Fezzan form a large, "
nearly circular structural basin, the northern, eastern,
and southwestern margins of which generally coincide with
the corresponding borders of the geologic map. This basin
forms a great artesian reservolir the center of which is be-
lieved to lie near the south-central border of the map.
Recharge into the aquifers 1s from rare precipitation fall-
ing upon the upturned edges of strata which form the higher :
elevations of the region and generally mark the perimeter '
of the basin. Areas of recharge are extensive, and a large
part of the rainfall reaching their surfaces is quickly
absorbed into the permeable so0ill cover and thence, in part,
moves downward into the underlylng sandstones.

S

Supplies of surface water are practically lacking :
in the Fezzan; consequently, the only dependable source of é
water is the subterranean supplies occurring in unconsolidated R3
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alluvial deposits and arteslan water in the deeper lying
consolidated aquifers. This water 1s customarlly obtained
by digging relatively shallow wells.in the alluvium or by
- drilling into the deeper artesian aquifers. Water in the
-7 dug wells 1is generally raised by means of a rope and bucket.
Many of the drilled wells flow, and, because of lack of
control, are a means of great waste of ground water in some ¢t
areas. The artesian water is used for both 1lrrigation and

_domestic purposes.

, The quality of ground water in the alluvium varles
appreciably both reglonally and locally; however, in most

- places 1t 1s suiltable for both domestic use and irrigation.

Water in the artesian strata, -where 1t is not contaminated

- by leakage of alluvial water into the well, 13 generally

. good. to excellent for all purposes according to commonly

~accepted standards. A comparison of the quallty of water

~ occurring in the three major artesian aquifers shows. that

" water from the Cambrian and Lower Silurian (Ordovician)

. 8sandstones has a very low concentration of all dissolved

"minerals. The Devonian sandstones of the Chatti valley

~contain water that 1is quite similar chemically to that in

.the Cambrian-Lower Silurian (Ordovician) seriles, except for

.an appreciable increase in the chloride content. Water 1n
both aquifers is considered excellent for domestic and irri-

..gatlon use. Water in the Lower Cretaceous Nublan seriles,

. In some places, contains concentrations of dissolved minerals
. that are too great to be desirable in potable water. It-is
belleved, however, that this is due to the infiltration of
_highly saline alluvial water into the sampled well, and that

- the water contained in Nublan sandstones 1is generally of

good quality for all purposes.

SR
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' "@Ground-water supplies are adequate almost every-
where in the Fezzan for the present needs of 1ts 1inhabitants.:
Increased supplies may be developed in most areas by the )
construction of additional dug or relatively shallow drilled
wells. The yields of many existing wells probably can be
increased by cleaning and deepening. 1In most areas the
development of ground-water supplies can be substantially
expanded with little effect upon the water table in the
glluvium or the head of the artesian aquifers. However,
careful supervision and control of future large-scale develop-
ments would be necessary to prevent overdevelopment .in areas
where ground-water supplies may be limited. Posslble means
of control of flowing wells in one of these areas,. the Chatti
Valley, are outlined. A limited program of exploratory drill-
. Ing would be of value in the development of healthful and
dependable community water supplies. The hydrologic infor-

" mation obtained in such a program could be used to determine
) ghetfgasibility of drilling for irrigation water in each area
B este
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INTRODUCTION

LOCATION OF AREA

Libya 1s the name given by the Itallans to the
formerly separate and autonomous states of Tripoliltania,
Cyrenaica, and Fezzan after theilr seizure from the Turks
in 1911. The country was governed by the Itallans from
the provincial capitols of Tripoll, Benghazl, and Sebha,
respectively. In November 1950, the three provinces, by
common consent, Joined together to form the Unlited Kingdom
of Libya under the sovereign rule of King Idris I. On
December 24, 1951, Libya was declared an independent nation
under the sponsorship of the Unilted Nations.

Libya lies between Egypt on the east and Tunisia
and Algeria on the west. It 1s bordered on the north b
approximately 2,000 kilometers (km.) - 1,250 miles (mi.) -
of Mediterranean coastline; 1ts unmarked southern border
lies some 1,500 to 2,000 km. (950 to 1,250 mi.) to the
south within the confines of the Sahara Desert. (See
figure 1.) The area of the country 1s estimated to be
about 1,500,000 sq. km. (575,000 sq. ml).
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PURPOSE AND SCOPE OF INVESTIGATION

Early in 1952 the United States Government sent
a small group of technical advisors to Libya to aid in the
reconstruction of the country and promote its future economic
development. During the ensuing years the amount of economic
and technical assistance was Increased greatly under the
direction of the United States Operations Mission (USOM).
It was not untill the latter part of 1955, however, that the
program of ground-water development of the USOM Division of
Natural Resources was expanded to include the remote areas
of the Province of Fezzan.

At the request of the governor of the Province of
Fezzan, a brief visit was made in July 1955 to the oasis of
Sebha, the provincial capital, for the purpose of discussing
with government officials a program for the development of
ground-water resources in areas where water was elther lack-
ing or unsultable. Plans were formulated for a reconnaissance
study of the area. Work was started lmmediately but, be-
caugse of the extremely high temperatures prevailing during
the summer months, intensive field work was postponed until
late October of that year. Between October 1955 and May
1956 a total of approximately 3 months was spent in a reconn-
alssance study of the geology and hydrology of the western
part of the Fezzan Province. Owlng to the great distances
involved, rigorous traveling conditions and attendant mechan-
ical deterioration of vehicles, acute problems of sSupply of
gagsolline and repalr parts, and occasional difficulties in
obtaining qualified personnel, a relatively small portion of
this time was devoted to the unhindered study of geologic
and hydrologic conditions.

The work was under the general supervision of
A. N. Sayre, Chief, Ground Water Branch, U. S. Geologilcal
Survey, and T. E. Eakln, Chief, Overseas Programs, Ground
Water Branch, U. S. Geological Survey, and under the immed-
iate supervision of D. J. Cederstrom, Chilef of the Geological
Survey fleld party serving as technical advisors on geologic
and hydrologic studies to the USOM to Libya.
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PREVIOUS STUDIES

The Fezzan has been visited several times in
the past 100 years by persons who were Ilnterested in the
natural and geologlc history of the area. These earlier
observers in the Fezzan have contributed much to the
general geologic and hydrologic knowledge of the reglon.
Desio (1930), in hils work for the Italian Government during
the Italian occupation of Libya prior to World War II, with
the help of others, laid the basic ground work for the
further study of the geology of southern Libya. Geologic
knowledge was further augmented by the paleontologic studies
of the late Dr. Chiesa, for many years director of the
Libyan Museum of Natural History at Tripoli. A recent re-
port on the geology and hydrology of the Fezzan by Muller-
Feuga (1954) 1is of considerable value, and the information
included in it has been used by the writer of this report
to increase his knowledge of geologic and hydrologic con-
ditions in areas that time did not permit visiting. A re-
port by Le Franc (1956) published by the Libyan Public
Development and Stabilization Agency, Tripoli, contains
detailed hydrologic data on the oases of the southwestern

Fezzan.
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GEOGRAPHY

TOPOGRAPHY AND DRAINAGE

The province of Fezzan is a poorly defined and
relatively unknown region which occupies the southwestern
part of the Kingdom of Libya; it comprises more than one-
third of the total area of the country. (See figs. 1, 2.)
The major portion of the Fezzan lies between 22° and 28°
north latitudes and between 10° and 18° east longitudes.

It 18 bordered on the north by Tripolitania, on the east

by that part of Cyrenalca designated on maps as the Lilbyan
Desert, on the south by French Equatorial Africa, on the
southwest by French West Africa, and on the west by Algeria.
The area discussed in this report consists of that part of
the Fezzan lying west of 16° east longltude and between

24° and 28° north latitudes and comprises about 450,000

8q. km. The place names mentioned in the text that follows
can be found by referring to fig. 2 or to plates 1 and 2.

Lying almost entirely within the vast area desig-

nated as the Sahara Desert, the Fezzan 13 essentlally a land
- of sand and barren rock where the monotony is broken only
rarely by the. welcome green of desert oases.

A relatively small part of the Libyan Sahara 1is
composed of sandy desert. The major portion consists of
broad, flat areas commonly carpeted by angular rock debris
or sand-polished, rounded pebbles. The sandy deserts con-
sist of the "edelen," areas where the sand forms a nearly
- flat or gently undulating surface, and the "ramla,'" areas
in which the sand hasa been heaped into dunes and dune masses.
(See figures 3 and 4.) The differences in topography are
probably due to variations 1n texture of the sands, the
amount of sand avallable, and the direction and force of
the prevailing winds. Rocky deserts (hamada) occur in areas
where the bedrock 1s exposed and generally form the high,
flat-lying surfaces of the region. (See figure 5.) The
fragmental rock cover 1s derived from weathering and dis-
integration of the underlying strata. Wlide expanses of
flat, smooth desert pavement (serir) generally are found
in areas where the underlying alluvium consists of clastics
of a wide range of grain sizes. (See figure 6.) Strong
desert winds sweep away the lighter fine-grained material
leaving a closely packed skim of small rounded pebbles
carpeting the surface. (See figure 6a.) The surface is
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firm and forms a broad highway, several miles wide in
places, that 1s 1deal for automobile travel. However,
frequent shallow drainage channels or areas of deflation
are a menace to the unwary driver travelling across the
serir at high rates of speed.

The sand areas occur as two elongated lobes
oriented generally northeast-southwest, lying near the
center of Fezzan province. One, Edeien Ubari, and its
eastern extension, Ramla Zellaf, lles between Brach and
Ubari, and the other, Edeien Murzuch, lies south of Ubari
and Murzuch. The two sand regions are separated from each
other by an elevated rock and pebble-strewn plateau, the
western part of which is called Hamada Murzuch, and the
eastern part Serir el Gattusa.

Hamada el Hamra occuples approximately the north-
ern third of the Fezzan and extends with almost unbroken
horizon from the eastern to the western border. Two more
or less contliguous lava-capped masses, Gebel es Soda and
Gebel Fezzan, dominate the south-central part of the hamada
and rise nearly 400 meters (m.) or 1,350 feet (ft.) above
i1ts surface. Hamada el Hamra 1s separated from Edelen
Ubari and Ramla Zellaf by a generally east-west-trending
escarpment known as the Gargafs, which extends from a point
east of Brach westward beyond the limits of the mapped area.

The eastern part of the map area 1s domlnated by
Gebel Harug, which stands nearly 300 m. above the surrounding
plateau.

£
H

South of Edeien Ubari a second line of escarpments
geparates the sandy desert from Hamada Murzuch. The escarp-
ment extends in an almost unbroken line from Sebha west
southwestward nearly 400 km. to a point where it 1s incised
by the north-trending valley of Uadl Tannezzoft. Here the
escarpment trends sharply to the south to form the easterly
dipping cuestas which comprise the steep western flanks of
gebels Acacus and Tadrart. West of the Acacus-~-Tadrart
Mountains, and separated from them by the valley of Uadi
Tanezzoft, lle the highlands of Tassili n Ager.

The western part of the region is composed essen-
- tilally of broad sandy and stony deserts which extend west-
ward 1nto Algeria and northwestward into southeastern Tunisia.

Flanking the sand areas and, in places, lying within
them are found the oases, the only permanently 1lnhablted areas
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in the Fezzan. The oases consist of isolated areas of g8
vegetation generally arranged 1n long, relatively narrow e
broken lines having a predominantly east-west orientation. P
They occur where the water table is sufficlently near the

surface of the land to support the growth of date palms and

to permit digging shallow wells to supply water for the

irrigation of a limited variety of cereal and vegetable v
crops and to support a small number of domestic animals.

Perhaps the heaviest concentration of population
in the Fezzan is in the oases which occupy the valley of
Uadl Chattl which extends from Debdeb, east of Brach, to
Uenzerich. Second in importance are the oases in that part
of Hofra and Cherguya valleys lylng between Murzuch and
Traghen. A long line of oases extends along the southern
margin of Edeien Ubari, occupying the valley of Uadl el
Agial. Several large oases lle west of the road from Sebha
to the intersectlon with the road leading to Brach. In the
southwest corner of the Fezzan are the oases of Gat and el
Barcat. There are several small 1solated oases lying with-
in the confines of both Edeien Ubari and Edeilen Murzuch.
These oases are 1inaccessible except on foot or by camel.

In areas where the level of the ground water 1s
sufficiently close to the land surface to permit the move-
ment of water upward into the zone of evaporation, large
tracts ofsilt flats (sebhkas) are formed. The salt flat
in the vicinity of Edri coversover 50 sq. km. Large sebkhas
also occur in the Hofra-Cherguya valley between Murzuch and
Traghen. There 1s a large deposit of salt a short distance
south of Gat on the road to el Barcat. The sebkhas are the
source of most of the salt used by the natives of the Fezzan.

Altitudes 1n the Fezzan, established barometrically
by the French Military Engineers, are based upon an arbil-
trary altitude of 400 m. for a point near the airport at
Sebha. From this reference point altitudes have been es- )
tablished at frequent intervals along the maln routes of R
travel. Altitudes of strategic points along the road :
traversing the ¢hattl valley range from 313.12 m. at Brach Cod
to 295.87 m. at Gourda and to 340.90 m. at Edri. Altitudes :
along the road between Sebha and Murzuch reach a high of ¢
4oy .22 m. about 20 km. south of Sebha, and from this point ’
gradually decline to 413.58 m. at Murzuch. In the Hofra-
Cherguya valleywaltitudes decline eastward from Murzuch to :
383.38 m. at Traghen and then increase slightly to 389.15 m. i
at Umm el Araneb. The altitude at Zuila 1is approximately
equal to that at Traghen. The range of altitudes in the
valley of Uadl el Agilal 1s only about 20 m., from 420.76 m.
at el Abiad to 443..4 m. at Ubari. The helght of the land
surface along the road from Sebha northward to the Junction

i

R PR RS Ry

-1 - . &



with the road to Brach gradually declines to an altitude

of 345.64 m. a short distance north of Umm el Abid. The
altitude 1s approximately ¢50 m. where the road passes over
the Acacus Mountains about 25 km. west of Serdeles. From
this high point altitudes gradually decline to about 650 m.
at Gat in the southern end of the valley of Uadl Tanezzoft.
On the crests of the Tassili n Ager and the Tadrart Mountalns
altitudes of 1,900 and 1,500 m., respectively, have been
recorded.

The Fezzan 1s a part of the great interior drain-
age basin which comprises much of the Sahara Desert. Cen-
turles of scanty rainfall have resulted in the abandonment
of former drainage systems to destruction and concealment
by the erosional and depositional action of strong desert
winds. Vestiges of an old drainage system are still apparent
in the western part of the Fezzan. The orientation of the
drainage channels indicates that surface runoff, at one
time, moved generally to the east or east-northeast. No
perennial drainage exists within the Fezzan at the present
time; intermittent runoff seldom occurs except at the higher
elevations near the crests of the Tassill n Ager and the
Acacus-Tadrart and Tibesti Mountains where there are occasional
heavy, but generally short-lived, rainstorms. However, this
runoff seldom reaches the floor of the encompassing desert
basin.
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CLIMATE

The climate of the Fezzan 1s arid. Raln falls
only at rare intervals and varles both as to locatlion and
time of year. Some areas report that no rain has fallen
in several years, whereas records kept at Fort Leclerc,
Sebha, reveal that usually some rain falls each year,
generally durilng March, April, and May. For the 5 years
during which these records were kept the annual precipitation
ranged from a maximum of 101 mm. (4 in.) to a minimum of
15 mm. (0.5 in.) and averaged ©8 mm. (approximately 3 in.).
The relative humldlty of the Fezzan is extremely low, pro-
bably averaglng less than 20 percent; however, observations
made at Sebha and Brach lndicate a surprisingly high humidity,
with average maximum of 42 percent and average minimum of
21 percent. At times the humidity rises as high as 90 per-
cent and, on rare occasions, heavy fogs have been reported
in the Sebha and Brach Oases. Undoubtedly, the high humidity
occurring in some of the oaslis areas 1s due to the trans-
pilration of relatively heavy growths of vegetation supple-
mented by evaporation from the surfaces of water in open
wells, irrigated plots, and, in the case of Sebha, perennial
saline lakes.

According to Muller-Feuga (1954, p. 152, temper-
atures in the western Fezzan range from about 40°C. (105°F)
average maximum during the summer to about 2°C (35°F) during
the winter months. Differences between the day and night
temperatures are extreme and the strong desert winds usually
increase the discomfort caused by these extreme temperatures.
Winds blowing from the great desert area lying to the south
are intensely hot during the summer months and are often
pilercingly cold in the winter.
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PEOPLE

The inhablitants of the Fezzan are of several
racial stocks which have become somewhat Intermixed.
throughout the years. The Tuaregs and the Berbers have
been supplemented by Negroes, who have come voluntarily, v
or have been brought involuntarlily as slaves, from French
Equatorial and French West Africa. The Tubus from the
"Chost Mountains" of Tibestl make seasonal Jjourneys north-
ward to Gatrun and Murzuch to trade handicraft and animals
for articles manufactured locally or shipped in from Tripoli.
Governed as they are by a desert environment, and dependence
upon an oasls economy, there 1is little opportunity for the
inhabitants to lead the nomadic 1ife common in Tripolitania
and northern Cyrenalica. Each oasis 1s almost completely
self-sufficient, raising its own grailn, vegetables, and a
few animals and occasionally manufacturing simple handicraft
articles for trade between villages.

According to the census of 1948 the population of
the Fezzan 1s estimated to be between 40,000 and 50,000.
Since World War II apparently there has been a migration of
a large percentage of the male pupulation northward, drawn
by the inviting opportunities off'ered by the expanding
economy of Tripolitania. As a result, the women are left
at home to care for the small farms. It 1s reported that in
the oases of Murzuch and Traghen, the present population 1s
nearly 80 percent female.

The people are friendly, courteous, and hospitable.
They are eager for help and receptive to anything that will
improve their present situation. However, thelr cooperation
is somewhat limited by theilr lack of experience and technical
understanding, adherence to customs and traditions, and
natural resistence to change.
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GEOLOGY

DESCRIPTION OF STRATIGRAPHIC UNITS

Rocks exposed in the western part of the Fezzan
range 1in age from the Precambrian gneisses and schists
found in the Tibestil Mountains and the Tassill highlands
to the unconsolidated Quaternary sands and gravels which
form much of the desert basin.

The sedimentary rocks throughout the Fezzan are
preponderantly sandy and are consldered to be predominantly
continental in origin. A generalized description of the
age, thickness, and water-bearing character of the geologlc
formations in the Fezzan is shown in table 1. The areas
of outcrop of the formations exposed in the Fezzan are
shown 1in plate 1.
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SEDIMENTARY ROCKS

Cambrian and Lower Silurian (Ordovician) Systems

The thick sequence of sandstone which immediately
overlles the Precambrian basement rocks 1is well exposed 1n
the Gat area and on the eastern rlank of the Tassili n Ager
uplift to the west. It is reported to lie in discordant
contact upon the Precambrian gneisses and schists. The
sandstone 1s overlain with apparent conformity by the Upper
Silurian clays. The sandstone is generally white to pale
reddish brown on the fresh surface, and dark brown to nearly
black on weathered surfaces. The texture differs greatly
from place to place, the sand grains grading, both horizon-
tally and vertically, from fine to coarse. In places the
deposlts are coarsely conglomeratlic. Under the hand lens
the grains appear to be generally subangular to subrounded.
The cement 1is commonlycalcareous, ranging from fairly firm
to weak, but, 1in places, the cement is siliceous. The sand-
stone 1s thick-bedded and masslive in 1ts upper part and thin-
bedded to shaly below. Thin beds of claystone are interbedded
wilth the sandstones of the basal section. Cross-bedding 1is
apparent throughout most of the formation, and ripple marks
and shrinkage cracks are common.

In the Gat area, with the exception of the sandstone
butte upon which the fort is bullt, the Cambrian and Lower
Silurian (Ordovician) sandstones weather to form a relatively
smooth undulating surface, generally covered by a layer of
sand of varying thickness. However, photographs taken of
Cambrian and Lower Silurilan deposits exposed in the Tibesti
area show them forming steep high cliffs and rounded knobs
above the underlying Precambrian. (See Figure 7.) The
sandstone series has been estimated to be between 400 and
600 m. thick. Readings taken on the overlying Upper Sillurilan
(Silurian) clays indicate a regional dip of 2° to 3° to the
northeast.

In more recent studies than those of Desio, Muller-~
Feuga (1954, p. 23) and Le Franc (1954, p. 10) have both
placed the age of these deposits as Early Silurian (Ordovician).
In the absence of fossll evidence, there appears to be little
basls for a distinction between Cambrian and Lower Silurilan
(Ordovician) strata. In thils report the sandstone series lying
between the Precambrian gneisses and the Upper Silurian (Siluri-
an) clays are deslgnated as undifferentiated Cambrian and
Lower Silurian (Ordovician) deposits.

The upper sandstones in thls series yleld water to
shallow wella 1in the Gat-el Barcat area.



















































































































































































































tested to determine their yield. The well at el Hatila is
reported by local residents to have produced a large amount
of water when completed. The deep well at el Gorda in the
Sebha oasis 1s reported by the driller to have produced 100
mc/hr by pumping from a depth of about 5 m. The deep well
at el Grelfa, tested by balling when completed, ylelded 11
mc/hr for each meter of drawdown. Unfortunately, these
wells have become filled with sand since completion and
cannot be tested.

A limited test-drilling program would be warranted
to explore the possibilitles of developing wells in areas where
there 1s an urgent need for dependable supplies of water suit-
able for domestlc use. Such supplies can best be insured by
the constructlon of properly cased drilled wells. Casling will
shut out.the shallow alluvilial water, which 1is generally inferior
in quality to the water in deeper aquifers. It will also
greatly reduce the possibility of contamination of the water
from the surface and from the migration of contaminated water
into the drilled well from nearby dug wells.

Well drilling in the Fezzan, for obvious reasons,
1s expensive, and the mailntenance of pumping equipment 1is a
serious problem in a region where few people understand even
the most rudimentary mechanical principles. Under present
conditions, therefore, drilling projects can be expected to
be economically feasible only when the water obtalned 1s sult-
able in quality for a community supply or adequate in quantity
for a large-scale community irrigation system.

It 1s belleved that the most efficlent plan would be
to direct any drilling program toward the development of
community supplies. The hydrologic information resulting
from test drilling, and from actual use of the water, may be
used to determine the feasibility of developing water later
for irrigation.

In the opinion of the writer, dug wells are, and
will remain for some time, the most practicable method of
obtaining water for irrigation by the small farmers. They
are inexpensive to construct, and water can be raised with
a minimum of mechanical equipment. The quantity of water
that can be raised by the dallu tower or well sweep.is gen-
erally adequate to 1rrigate the small plots of land the
individual familles are able to plant and cultivate. The
quality of the water in most places 1s sultable for the
small variety of staple crops which comprise the major part
of the diet of the natlve Fezzanese and 1s generally accep-
table for domestic use.




DRILLERS' LOGS OF WELLS DRILLED IN THE WESTERN PART OF THE FEZZAN

. Table 2 contains descriptions of the
character and thicknesses of the rock units en-
countered in 10 wells drilled in the western Fezzan,
Nine of the wells are 1n the Chatti Valley and one,
the well at Tulla, 1s in the Hofra Valley. Other
wells have been drilled in these areas, but logs of
only the 10 tabulated below are available. The
descriptions were obtained from logs prepared by
the drillers and were translated from the French by
the author. The terminology used is essentlally that
of the driller. Stratigraphic interpretations are by

' the author. The wells were drilled during the French
military occupation of the Fezzan after World War II.
Drilling was by the rotary method,.
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Table 2.~« Drillers'

logs of wells drilled in the western
part of the Fezzan

Thickness

Depth
(meters)

Well at Debdeb

Quaternary
Sand, clays, and gypsum, with stringers of
SANASEONE steetsraseacescasasesssscssansnnne
Lower Carboniferous :
Tournasian
Cley, yellowish, slightly sandy........cce0.
Clay, red and brown, very compact «.......c...
Clay, gray, compact ..
Clay and sandstone, interbedded, gray, hard .
Sandstone, gray, very hard ..c.cc.eeeeeesaccas

Clay, gray, compact ....
Devonian

Sandstone, oray, hard ..ceeeceessseccssrecces
Clay’ ,qray, Coml)act ® 68 e 208 % 4000 sa Pt e

Sandstone, gray, hard ....c.ccveeveecccccnces
Sendstone, conglomeratic, coarse-grained,
quartizitic .........
Sandstone, white, soft, fine-grained ........
Sandstone, hard, clayey ...ceceeercccocccsses
Sandstone, s0ft, clayey +siceeeesernncccccsans
Clay, white, sandy, with interbedded sandstones,

red 2000000 s0 s e a2 08000 cs0000000s0

Sandstone, white, soft .. ciieiiinierinnnnnes
Sandstone, white, hard ....cc.cccevvececccnns
Clay, white, sandy ...ccccceecceineccenncnne
Sandstone, white, hard, fine-grained;

clay layers ..ccecescnaccscnnccennss

Bottom of hole
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7.80

10.40
12.50
26.20
37.15
37.50
39.70

Lk .80
116.90
51.50

57.50
67.70
70.00
T1.20

73‘&’ )
.70
75.60
T7.00




Table 2.--Drillers’' logs of wells drilled in the western

part of the Fezzan - Continued

Thickness Depth
(meters) (meters
Hell at Zellouaze
Quaternary
SANGA tevrrrnernnecanens 0.50 0.50
Lower Carboniferous
Tournasian
Clay, maroon, very Sandy «...seeeeeecscces coe 5.50 6.00
Clay, maroon and yellow ....... Ceceieteiennans 4.00 10.00
Clay, gray and yellow, grading J.nto sandstone,
yellow, SOft ..iveeeeiiieeenrencsnnssscsnnens 10.00 20.00
Devonian '
Sandstone, gray, hard ..ceceeececeetecocsasass 36.00 56.00
Sandstone, blue, ClAYEY eceeeesssacsasnasssns - 12.50 68.50
Sandstone, yellow, very hard ..c.ceeeesscenses 0.80 69.30
Sandstone, yellow, 80ft .civvieccvasescaansans 11.00 80.30
Sandstone, yellow, with clayey zones ........ 6.50 86.80
Sandstone, ClaYeY «coveeceasssrscsssacocanase 7.00 93.80
Bottom of hole
Well at Guhgum
Quaternary
Sand, some shell fragments .......c.oeeeseeus 1.20 1.20
Lower Csrboniferous
Tournasian
Clay, yellow and red, with stringers of
SandBtone ... iieciacioittsincncscccrsaacons 1.00 2.20
Sandstone, grayish, rather hard ............. 0.80 3.00
Sandstone, grayish, with their layers of clay,
red, brown, sandy ..... ceeees Cheeraeasannans .70 T.70
Clay, red and brown, Sandy ...eeeeeececcsasss 0.80 8.50
Clay, gray, red and yellow; sandy .....ccec.. T7.20 15.70
Sandstone, gray and black, very hard ........ 1.00 16.70
Cleay, gray, sandy, with layers of harder
5aNd8tONE, EIAY ,:vteccecscssscsarosnocenna . T7.70 2k .o
Clay, gray, rather 8andy ...e.ceceevecacscnea 24.20 48.60
Sandstone, gray, fine-grained ...........c.c.. 3.40 52.00
Clay, gray, rather 8andy .....ceceveeeesevane 10.00 62.00
Devonian
Sandstone, white, SOFt «vivveievenienrananaans 3.00 65.00

Bottom of hole

-, -
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Table 2.--Drillers' logs of wells drilled in the western

part of the Fezzan - Continued

Thickness Depth

Well at Mahruga

Quaternary

Sand, with sandstone stringers .
Sandstone, dark-brown, hard ......cccccennene

Lower Cerboniferous
Tournasian

Clays, variegated, red, gray and yellow,

BANAY ecevrenrececccsncaca

Sandstone, yellowish, soft .....

Sandstone, brown, hard ..
Clay, gray, sandy .......

Clay, gray, sandy; interbedded with sandstone,

a0 ¢

s esacans e ee
a0 Qs s 000 b

@ cssa0otssev e

gray, fine-gramed LR N L R R R B R B A R A B A N N )
Sandstone, whitish, fine-grained ............

Clays, sandy .eceescacecs

@ ves 00 aa

Sandstone, yellowish .c.ccecurenccnccnncnanas

Clay, gray, sandy .......
Devonian

Sandstone, white, soft, fine-grained ........

Clay, gray, sandy .......

¢ o an e,

"2 es e s

Sandstone, white, soft, fine-grained ........
Sandstone, white, soft, cocarse-grained ......
Sandstone, white, soft, fine-grained ........
Clays, variegated gray and red, slightly

Sa.ndy LI I R TR R B A S I S SR 'Y
Sandstone, hard ....... .o

Clay, white and red, sandy ......

Sandstone, white, soft ..

" 00000

eas s eesecennes

®es s s s a0 00

Clay, red, white and yellow; s8andy ....vevass

Sandstone, yellowish, clayey «....e..
Sandstone, black, very hard ........

Sendstone, white, soft ..
Clay, gray .ceerevseassnsn
Sandstone, red, clayey ..

Bottom of hole

(meters) (meters)
1.00 1.00 ‘
0.50 1.50

11.50 13.00
2.90 15.90
0.ho 16.30
2.40 18.70
3.80 22.50
2.00 24.50

10.50 35.00
1.00 36.00
2.50 38.50

13.00 51.50
2.40 53.90
6.90 60.80
1.60 62.40
3.60 66.00
8.90 T4.90
0.80 75.70
2.50 78.20
k.50 82.70
3.70 86.40
0.80 87.20
0.10 87.30
0.30 87.60
1.00 88.60
1.40 90.00




Table 2.--Drillers' logs of wells drilled in the western
part of the Fezzan - Continued

Thickness Depth

(meters) (meters)
Well at Gorda
Quaternary
Sand and ZYPBUM ecoveceveerrsrsrsosveocsosacnncnsne 1.20 1.20
Lower Carboniferous
Tournasian
Clay, compact, and sandstone, greenish ...... 5.00 6.20
Clay, gray, with thick stringers of sandstone,
DYOWN coveervevsvsescsasnscsonssonassosnnssanse 9.30 15.50
Clay, gray, 8andy ceeceeccecccssssscccsanssnse 2.00 17.50
Devonian
Sandstone, Whitish c.ieecieceeccescascnnsanae 2.00 19.50
Sandstone, whitish, SOft ceieeeeeeerienansens 6.50 26.00
Sandstone, BrAY .ceceeesscosssassascosncncanas 1.00 27.00
Sandstone, gray, Clayey «.ceceeeececssencenes 1.30 28.30
Sandstone, white, 80ft .vevvrrenerenccnscnnas k.20 32.50
Sandstone, gray, clayey cec.ccececcossocscnne 3.00 35.50
Sandstone, hard, and clay, gray cecececececse 1.20 36.T0
Sandstone, grayish, Clayey .cceecevecsassores 1.00 37.T0
Clay, ETr8Y cececeacesscescnsrsencsasscannsans 0.80 38.50
Sandstone, gray, Very Clayey ec.cececececacsas 9.50 48.00
Sandstone, whitish, little cl8Y ..oveveevenns 1.50 49.50
Sandstone, white, very soft, with layers of
harder sandstone and white Clay «ecceeeecsees 17.00 66.50
Bottom of hole
Well at Agar
Quaternary and Lower Carboniferous,
Undescribed ..uuiiieieiiiienaincncensnssanane 75.00 75.00
Lower Carboniferous
Sandstone, yellow, fairly hard .......cecee. 1.00 76.00
Clay, gray, sandy «....c.... ceeaes cesetrceses 3.00 79.00
Sandstone, gray, hard ...c.cevevesccveccsonncee 1.00 80.00
Clay, gray, yellow and red; rather hard ceaes 11.00 91.00
Devonian
Sandstone, yellow, soft; with layers of white
coarse-grained sandstones ......eecccecacane 5.50 96.50
Sandstone, yellow, SOt «.eveeevereaceenonons 0.20 96.70
Clay, gray, slightly sandy; with layers of
compact red clay .......... ceeresastsancaces 3.70 100.30

Bottom of hole

B 1]
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Table 2.--Drillers' logs of wells drilled in the western

part of the Fezzan - Continued

Thickness Depth
(meters) (meters)
Well at Berghen
Quaternary
Sand, yellow, clayey, with stringers ........
Of SANASLONE +vuvevessrenacasascsosoonenncas 8.40 8.40
Sand, Bray ..ccocececscccscccnccrssscscsnanan 2.10 10.50
Lower Carboniferous
Tournasian
Clay, gray, sticky ..veiiececsceccccnoacannes 1.50 12.00
Clay, red, COMPACE tececscerocasesasncoacsans 6.00 -18.00
Devonian
Sandstone, white, very hard ........cccceecass 24.00 42.00-
Sandstone, yellow, Clayey «eceeesccccscscssses 1.30 43.30
Sandstone, gray, SOft sececeetscescssacananan 7.50 50.80
Sandstone, very hard ...ceceececcesaceesaceee 9.20 60.00
Clay, gray, sandy, grading intoc sandstone,
yellow and white, 8O0ft ..cvevirvriecnennsans 8.00 68.00
Sandstone, gray, very hard, clayey ....eeeese 28.00 96.00
Sandstone, clayey ccicceecectttctecacannnnnns 6.00 102.00

Bottom of hole
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Table 2.-~- Drillers' logs of wells drilled in the western
part of the Fezzan - Continued

| Thickness = Depth
f (meters) (meters)
Well at el Gotta
Quaternary
Clay, yellow and EraY c:eceeececcccscsvaassss 0.60 0.60
Sand, clay and EYPSUM ccosveorcecesccsssoons . 1.k0 2.00
Lower Carboniferous .
Tournasian
Clay, gray and reddish, very compact ........ T.50 9.50
Clay, 1ight-gray «....... eerreeneeenaenas 1.00 10.50
Clay, gray, sandy ......... ceteesessaanaa 2.30 12.80
Clay, 11Ght-@rBY eeeeeeevecrncescnconcnses 2.90 15.70
Sandstone, very hard ....ceoceececessccsccacss 0.60 16.30
Clay, gray, 68NAY ccoceesssccssaccsscasessans 6.70 23.00
Sandstone, white, coarse-grained ........... . 4.80 27.80
Sandstone, gray, very hard ....eeocecececceas . 0.h45 28.25
Clay, gray, Sandy s.ccceecscecscscensssascncns 5.45 33.70
Sandstone, gray, clayey ..cc.... ceesnaes 2.ho 36.10
_- Sandstone, gray, very hard ..... cetsncenaans . 1.70 37.80
3 Clays, interbedded, gray, and sandstones,
4 white, clayey .cocceceececencacsnncnanns 1.h0 39.20
Sandstone, white, with layers of sandstone,
F NAFA ceveeceoceceennnnncnanns teeeesricssanas 3.20 42,40
Clay, gray, very compact ..... ceenen 5.55 47.95
Clay, gray, sandy, very compact, with
: interbedded sandstones, hard ......coocee.. .o 0.85 48.80
- Clay, gray, sandy, very compact, with
interbedded sandstones, hard ..... cenecseacs 5.70 54.50
Devonian
Sandstone, gray, clayey, very compact ..... .o 1.20 55.T0
Sandstone, white, S80ft «iivcveecnecreccancens 0.30 56.00 -
Sandstone, white, 80ft, POrOUS ...oveevueces .. 4.70 60.70
Sandstone, white, clayey ....oecevsveesccaces 2.10 62.80
Sandstone, very hard .......ccce... 0.20 63.00
Sandstone, gray, clayey ......... 3.50 66.50
Sandstone, yellow, soft, porous ....... ceeene 6.20 T72.70
Sandstone, hard .....c.ccceeeveccanann 1.50 T4 .20
Sandstone, VEry ClaYeY «ce.eeececccccscsncans 1.80 76.00
Clay, variegated white, pink and yellow, sandy 21.10 97.10
Sandstone, white, porous .....cocccveneeees o 3.20 100.30
Clay, Gray, 88NAY ccecceeecercscnnsccsssannns 0.50 100.80

Boﬁtom of hole
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Table 2.--Drillers' logs of wells drilled in the western
part of the Fezzan - Continued

Thickness Depth

(meters) (meters)
Well at el Hatia
Quaternary
Sand, YelloW «..iveevecenonrnnnnnnns ceeieees . 0.ko 0.40
Lower Carboniferous
Tournasian
Sandstone, gray and YelloW ......ceeevevesecns 2.80 3.20
Clay, red and yellow, rather sandy ........ . 5.90 9i10
Devonian
Sandstone, yellow, rather hard; contains
coarse grains of white silica .......... e 87.50 96.60
Sandstone, white, moderately hard ........... 7.0 10k,
Clay, gray, sandy, and sandstone, white,
moderately hard ........ Chreeeeeneann ceeenen 6.80 110.80
Sandstone, white, soft, .........c...... ceenen 39.20 150.00
Bottom of hole
Well at Tuila
Quaternary
Sand, YELlOW cieverirsecrocencrcnnnenancannns 21.65 21.65
Sand, yellow, coarse-grained, somewhat
consolidated; contains hard layers ......... 11.k45 33.10
Lower Cretaceous :
Nubien Series
Sandstone, red, hard, clayey ..cceceeecercena 2.20 35.30
Sandstone, yellow, conglomeratic, and gravel
conglomerates; harder below 46 m. ....ovee.. 34.70 70.00
Sandstone, yellow, conglomeratic, with lenses
of gravel conglomerates, soft ..... feeraeeee 80.00 150.00

Bottom of hole
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