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Abstract

"E1-Marj Plain, A Geographical Study"

El—Mafj Plain is a closed depression on the upper
terrace of the Jebel-Akhdar of Cyrenaica. It is the largest
karstic basin in the whole of Cyrenaica. The Plain has a
subvalley shape with a total area of about 1,100 sq.km.

Most of the Arable land is located betweeﬁ 273 and 300 m.
above sea-level. The escarpments to the north and the
south  the Plain are dissected by numerous wadis making the
extension of the road system an expensive task. " The water
flows in the wadis during the winter and either reaches the
sea 6r disappears into the pervious limestones withouf being
utilised by man. Géologically, the most extensive strata

are the Middle Eocene. Rainfall is the main fundamental

factor in El-Marj Plain since dry farming is practised there,

and there are no means of irrigation except on the coastal
plain. El-Marj Plain receives an annual rainfall average
varying between 300 and 500 mm. However, the rainfall is
erratic both in quantity and distribution. The rather high
average of rainfall, topography and heavy Terra Rossa soils
determine the vegetation cover in the region. The flora of
the Plain is felated more to the Maghreb and southermn Europe
than to the rest of Libya. Shortage of water and soil
erosion are the main physical obstacles to economic
development. The underground water in El-Marj Plain is

contained chiefly in fractures, bedding planes and solution
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opening in the limestone country rock. The Terra Rossa soils
in El-Marj Plain are quite deep and provide an adequate rooting
medium for plants and the limitations found are not so much
inherent as related to the system of management. There is

no pedalogical reason to suppose that under a good

management system the soils of El-Marj Piain should not K
prove particularly fertile. The long history of the regién
shows thgt it was subjected to the invasions of the Gréeks,
Romans, Arabs, Turks and Italians. The invasion of Bani
Sulaim tribally organised nomads in the gleventh century
brought an end to a long period of sedentary life; After

a long period of stagnation the Italians planned for a
demographic colonisation, but this had come to an end in

1943 and the Bedouin again regained the control of the

whole of Cyremaica.

El-Marj Plaints principle natural resource is
agriculture and raising livestock. The main crops are
barley amnd wheat followed by olives, almonds and vines.
Vegetabies are grown in the area on only a small scale.
Livestock production in the area probably accounts for a
greater value than crop production in most years, After the

discovery.of oil and the rapid increase in production,

capital has become available for economic development.
Consequently, the Libyan Government has planned to settle
the Bedouin who occupied the former Italian Ffarms. The

highly favourable terms offered by the N.A.S.A. scheme for




re-settlement taken along with a powerful internal trend
towards sgdentary life appears to give grounds for optimism.
The total population of El1-Marj Plain and the adjacent
administrative units is 39,867 (1964). The only urban
centre in the region is El-Marj town,which was struck by an
earthquake in 1963. A new town will be built to replace the

destroyed centre.
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Preface

After the author had completed an earlier study
on "the Geogfaphy of the Eastern Jebel Akhdar, Cyrenaica"
he realised the'potentialities of El-Marj Plain as a field
for another study for four reasons. First, El-Marj Plain can
be comnsidered as having the largest scope for agricultural
extension in Cyrenaicé and perhaps in the whole 6f Libya.
Secondly, the need for a study of the present state of the
ITtalian concessions and the former Ente farms run today
b§ Libyans. Thirdly, after the discovery of o0il and the
rapid.rise in production, the Libyan Government a;located
large sume of momney for economic development and El-Marj
is one of ‘the feﬁ regions in which capital can be invested.
Fourthly, in Cyrenaica little geographidal research work

has been done and further work is desirable.

There have been many difficulties to overcome.
First, the statistics are not reliable and do not cover a
long perioq. Secondly, the administrative boundaries are,
a; frequently happens, not suitable for geographical analysis,
thus statistiés usually have been given to cover the whole
Mutasérrifia of El-Marj; even more the statistics which cover
the sub-district of El-Marj include areas oﬁtéide El-Marj
Plain and viee versa. Thirdly, an earthquake struck the
town of El-Marj during the field work, many official
documents were lost and accommodation became unavailable in

the urban centre.
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The field work was carried out from October 1962 to
September 1963. At first the town of El-Marj had been takén
as a centre of the field work. After the earthquake, a
daily jourmey was made between Benghazi and El-Marj,

Two months were spent in Tripoli working on the Italian
literature and collecting statistics. I came to Durham

in October, 1963.

The Libyan Government decided to buiid a new
town to replace the destroyed centre, conseﬁuently another
trip was made between July and September, 1963 to investigate
oﬁ the spot the works on the mew town, and to obtain
detailed information on the newly set up National Agricultural

Settlement Authority.

I am most grateful to many people in Cyrenaica and
Tripolitania who have shown an active interest in my work.
I am greatly indebted to Essayid Abdullah Al-Guairi, the
Director of Ministry of State, El-Beida for the provision of
valuable information and maps, and to Ess, Mansur Breighith;
Assistant Director of Zorda Experimental Station, El-Marj,
Ess. Abdulgader Al-Aish, court of El-Marj, and Ess. Abdulsalam
Es~-Sguri, secretary of the Mutasarrifia of El-Marj for
helping me to work out the land use maps for certain farms in
El-Marj and iﬁ conducting the investigation survey _ in the
town and the Mutasarrifia of El-Marj. Among many who helped

and advised me I would especially like to thank the




following: -

The Prime Minister's Office

Ministry of Agriculture

Former Prime Minister
Dr.M.FiKeni

Ess.Faraj Jibril
Under-secretary of the Ministry
Benghazi

Ess. Nﬁri Rahuma

Head of Departﬁent of
Agricultural Guidance,Benghazi
Ess.Abdallah Al-Sharif

Head of the Department of
Agricultural Machinery,El-Marj
Ess.Muhammed Abdallah,Head of
the Department of Statistics,
Benghazi

Late Ess.Ali El-Bakkush
Director of the Ministry

Idris Saber, Inspector,
Department of Statistics,El-Marj
Ess.Muhammed Abdulgader
Agricultural Guide of Farzugha
and El-Hemda

Late Ess.Abdulhadi Muhammed
former Agricultural Guide of
Tocra

Dr.Atorn Pietri Chemical

Laboratory Section Sidi-Mesri,
: Tripoli
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VI

Ministry of Petroleum Affairs Dr.Wahbi El-Buri
The Minister
Ess.AbdulMola Daghman
Under-secretary of the Ministry
Ess.Mutafa El-KeKhia
Head of the Technical Department
Ministry of communications Ess.Abdallah Sasi
the Administrative Secretary
Censusand Statistics Ess., Isa
Department
Assistant Director - Tripoli
Late Ess.Abdul Karim El-Abid
Director of the Region Office,
Benghazi
Ministry of Public Work Ess.Al-Sharif Aamer
Director of the Ministry,
Benghazi
Mr.H.Adams
Chief engineerings,Benghazi
Land Registry Department Ess.M.Bugaigis
Director, Benghazi
Barce Recomstruction Ess.M. Ben Aamer
Organisation
The General Director,Benghazi
National Agricultural Ess.H.ElJawhair |
Settlement Authority
The General Director
Librarieé Ess.Bashir El-Badri

Director of the Government

Library Tripoli
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Mutasarrifia of El-Marj

Farmers

Ess. Mausur Aamer

Librarian

Prof. T, Provasi

Director of Natural Museum
Library, Tripoli

Ess.H. EIMijrab
Assis.Director,Natural Museum
History, Tripoli
Ess,A,Muhammed, Mudir of

Farzugh

. Ess.M.Ben Omran Mudir of

Tocra

.Ess.M.M.E1l-Qutaani

Mudir of Batta

Ess. Omran Hifter

Ess.Saleh Aamer

Ess.Saad Bu Mira

I wish to acknowledge also the generous

cooperation extended to me in all aspects of my work by

officials of the central Government, the Muhafadat, the

Mutasarrifia and Mudirias.

I recall with appreciation the

assistance of many Cyrenaican farmers.
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Finally I cannot close this list of écknowledgements
without expressing my thanks to Professor H. Bowen-Jones
for his generous help he has offered me in his role as
Supervisor, and my gratitude to Professor W.B.Fisher,

who accepted me as a research worker in his Department.
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Introduction

North and east of the Sahara the two most
impoftant habitable regions are the Atlas massif - or
Maghreb - and the Nile Valley. Along the greater part of
the 2500 Kms. of coést separating the littoral of the
ancient province of Libya, the desert is divided from the

sea by only a narrow margin of extremely arid steppe.

Historically, the term "Libya" is the ancient
Greek designation for Africa or at least what was known
of that continent in antiquity. During the 19th century
Libya was known to the west simply as "Tripqli" and as
one of the four Barbary States. Libya was an Italian Colony
from 1911 to 1943, and finally an independent country,
when the British and French Military Administrations, who had
been administrating the country since 1943, transferred their
powers to the mnew Libyan Govefnment in December, 1951 and
the independeﬁce of the United Kingdém of Libya was fianlly
declared. Libya is constitutionally a hereditapy monarchy
at first with a federal system. The Federal Union was
coﬁposed of three provinces, Tripolitamnia in the nopth
west, Cyremaica in the east (east of the Gulf of Sirte), and
Fezzan in the south west. FEach of these threse provinces
had enjoyed a certain measure of autonomy, and each shared
powers with the federal government. The federal system
created major problems i.e. the unwieldy administrative
system and the increasing powers of the prmvinéial

governments, After ten years of the federal system
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experience, the country was unified in a central Government.
The larger part of Libya is unproductive, comprising
vast expanses of steppe and desert, characterised by slight
rainfall, high temperature, sparse vegetation and pooer soils.
Thé area suited for human use - -is estimated to amount to
barely 14 million hectares (or less than 8 per cent of the
total area of the country) of which some 11 million hectares
are suitaﬁle only for grazing and the balance is cultivable.(l)
The population is, .therefore, largely concentrated around
the small portion of productive land lying mainly in the
fertile coastal belts and to a lesser extent in the better-~
watered sections of the "Jebels® or high lands of Tripolitania
and nerthern Cyrenaica, apd in a few scatterd oases in the
south. Areas suitable for settlement are so rare that
nine-tenths of the people occupy only one-tenth.of the land.
The Sahara region,or desert area, comprises four-fifths of the
total area - one-third of Tripolitania, three-fourths of
Cyrenaica and a great part of Fezzan. These areas had a
population (in 1954) of 70 thoﬁsand persons concentrated

in half a dozen remote oases.

According to the 1964 census preliminary results,
Libya's total population is 1,559,399 (1,088,889 in 1954),
of which 1,029,216 are in Tripolitania (738,338 in 1954),
451,469 in Cyrenaica (291,236 in 1954) and 78,714 in Fezzan

(59,315 in 1954). These figures indicate an annual rate of
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growth of 4.3 per cent for Libya, 3.9 per cent for
Tripolitania, 5.5 per cent for Cyrenaica, and 3.3 per cent
for Fezzan. The annual rate of growth for Libyé.is high. With
an area of 1,760,000 sq.Kms. Libya thus ranks amongst the most
sparsely populated areas of the world. The population density
of less than one person ber square kilometre is the lowest
in the world with the possible exception-of ice-clad Greenland
or Bechuanaland in Africa. Tripolitania (250,000 sq.Km.) has
a density of U4 persons per square kilometre, Cyrenaica
(855,000 sq.Kms.)'6.5 per square kilometre and Fezzan
(654,000 sq.Km.) 0.1 per square kilometre. Tripolitania
though the smallest in area-(250,000 sq.Kms.) is the most R
populous of the three provinces. With the_effective
utilisation of the entifecultivable land and the adoption of
modern farming it could perhaps support still larger
populafion along its fertile coast, which extends for about
350 Kms. from Zuara on the west to Misurata in the east. The
rainfall averages about 350 mm. around Tripoli and rarely
less than 200 mm. In Cyrenaica, on the other hand the coastal
plain (Sahel) is narrower than in Tripolitania; in places the
first escarpment reaches the sea. Only around Benghazi and
Derna is the plain wide enough, and the water supply adequate
to support much habitation. The most promising area for
expanding human settlement in Cyrenaica, and perhaps the whole
of Libya, is the Jebel Akhdar, which rises sharply from the

/

coastal plain and the Mediterranean Sea to an elevation of

about 500 m. On this limestone plateau, there are scattered
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stunted evergreen groves, an average annual rainfall of 300
to 500 mm. (largely confined to winter), lower summer
temperature and some humas-rich soil. Further south in
Cyrenaica and in the whole of Fezzan the prospect of economic
development and expansion of human settlement are closely
linked with the discovery of oil, developing agriculture,
and establishing ancillary industries and trades. This is
not out of the question for Libya's oil revenue can
contribute to the development of these areas. Prior ta
1962, Libya was a typical underdeveloped country. By
definition underdeveloped countries are short of-capital*.
Both the exisfing "real capital" (plant, equipment and
housing) and the flow of monetary savings available for
investment purposesaresinadequate in almost any country that
could be called underdeveloped.(z) Other characteristics of
underdeveloped countries are lack of managerial skill, a
very high proportion of the population in agriculture, high
fertility and mortality rates, low yields per acr; and the
inferior status and position of women. Capital was scérce
in Libya until 1962. Libya in that time could be compared

with the poor resource countries such as Jordan and Yemen.

¥ According to report on "Measures of the Economic
Development of Underdeveloped Countries" by experts
of the United Nations, the term of underdeveloped
countries is used "to mean countries in which per
capita real income is low when compared with the
per capita real incomes of the United States of
America, Canada, Australia and western Europe."
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From 1963 onwards the flow of money from oil revenues
provided .a new source of capital and per capita income
increased from £38 per annum in 1959 to about £63 per annum
in 1963. However,'except for the availability of capital
and the increase in per capita income, Libya still bears all
the characteristics of the underdeveloped country.
Therefore, before the discovery of oil, Libya was resource-
poor and stagnant. It had become commonplace for-observers
of Libyan affairs to describe the economy as "“deficitary".
There were deficits in the budgets of the federal and the
three provincial governments and the municipalities. There
was a deficit in the balance of payment. THs deficit was not
met by net receipts from foreign investments, as it might be
in an advanced country, but by grants-in-aid, military
expenditure, and investments of foreign powers.

This deficit reflected the hard fact that the whole
Libyan economy operated at a deficit. The country did not
produce enough to maintain even that low standard of living.
For four decades these deficits were made good by foreign
governments: by Italy during the thirty years of colonial
rule, from 1943 to 1952 by the administrating powers, and
from 1952 to 1962 by foreign aid and lease of military p?ses.
However, the historical evidence shows that the country was
prosperous in the Greek and Roman times. The prosperity had
always been a result of foreign investment in the country.

From 1517 to 1911 the Turks left the Libyans to their own
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devices. During the Italian colomial era, the part of the
country most suitable for European settlement was colonised
by.immigrant nationals and the Libyans were segregated in the

less attractive part.

In fhis peculiar situation, the aid from foreign
powers was spent in peculiar ways. The huge administrative
system absorbed large sums from aid granted, and the projects
planned never came into existence. This ;atter can partly
be explained by the lack of educated people within the country,
the budget of the country was plunging into further deficit.

A miracle was meeded to solve the problem.

In 1959 the first oil well was struck at Zelten in
Cyrenaica and this was followed by numerous wells throughout
Libya. In 1963, Libya had a favourable balance of trade for
the first time. This was due to the production of oil and the

continuous increase of crude oil exports since 1962.

The development of the o0il deposits has already had
the effect of creating major changes in the social and
economic life of the country. The impact of the economic,
soqial and political revolutions is giving_way-to both hope
and frustration. There are many problems in Libya which the
discovery of oil will, by itself, not solve. As the majority
of Libyal!s population is engaged in agriculture, and a few
small industries, planned economic development will be
necessary to cope with the social changes. With 70 éer cent

of oil revenues allocated to the development sector, it is
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possible to revive Libyan hopes of a reconstituted sedentary

agricultural zone in Cyrenaica.

Cyrenaica is a country of marked contrasts, the
mountain and the plain, the forest and the steppe, the rih
Terra Rossa  -and the desert, settled l1life and nomadism.

In Cyrenaica one may distinguish between the pawadi (the
Bedouin) and the Hgdur (townhdwellers). The Bedouin ways of
life are well adapted to their environment, and despite the
fact that they are pasturalist at heart they ;ead what is
sometimes called a "dual economy". Most of the Bedouin still
lead a very simple life, their diet is p;ain and their wants
are’ limited and tribal traditions are strong. Cyrenaica

is perhaps thg most completely Arabized céuhtry outside Arabia.
No language competes with Arabic, no religion with Islam and

no foreign custom with Arab custom. The Bedouin who settled

in the former "EnteApgr la colomazzione della Libia" farms

only did so after 1943. Prior to this date no. real attempt

was made to improve their condition. Time and again colonists,
have been tempted from Italy and Gréece by the shorf sea routes
and have settled in the Jebel area and dispossessed the
Bedouin, but in the end it is the Bedouin, and not the
qolohists, who have survived. When one looks at the massive
Greek and Roman ruins, ahd already half-ruined former Italian
villages and farm houses, and then on the flimsy tents of the
Bedouin, one cannot but reflect that the race is not always to

the swift nor the battle to the strong.



As well as oil, agriculture and animal husbandry
must clearly continue to be one of the mainstays of the
Cyrenaican economy. Agricultural development in Cyrenaica
presents a number of challenging problems. Given the:sparcity
and irregularity of rainfall and the impoverishmnnf of the soil
thfough many centuries of neglect, large investment in soil
and water conservation is needed simply to preserve the
existing assets and- to prevent a further deterioration in

farming conditions.

Water is the most important factor in Cyrenaican
agriculture and 'is more precious than oil. Water is thé prime
mover in the Bedouin life. If an adequate supply of water
is évailable throughout the year in any given area, then the
Bedouin might well stay in one place. However, most of the
country is desert, only the Jebel Akhdar and the coastal plain
between Benghazi and Derna receive an.aﬁnual average

rainfall sufficient for cereal cultivation.

This is a geographical study of El-Marj Plain,
known to Buropeans as the Barce Plain. The Plain is situated
in the weét of the Jebel Akhdar, on the area between the first
and the second escarpment, known as the upper terrace
(vide Fié. 1). Since regional geographical studies in
~Cyrenaica ére still in their infancy, the first matter, that of
recognition and definition of the region, has itself been a
pioneer attempt made more difficult by the absence of any
existing corpus of knowledée. " The second escarpment defines -

the southern limit of the Plain.



Q= ~ .

The Plain watershéd in the east and north was taken as the
eastérn and northern limit while in the west and‘south west
the 350 m. contour was used as an arbitrary line across the
undulating transition area betweén El-Marj and Silina and
El-Abiar Plains. The ratiomale behind the adoption of these

boundaries will appear in the studies which follow.

El-Marj Plain was colonised in classical times and
more recently by the Italians. The rainfall is relatively
high and conditions are more favourable for dry farming than
in most other parts of Liﬁya._‘The agricultural potential
of El-Marj Plain, however, has not yet been fully exploited,
and the géneral_standard of farming irn the Plain is lower
than in Tripolitania. Despite the fact that most of the Bedouin
in El-Marj Plain appear settled at the present time, the
majority still look to livestock rather than settled
agriculture as their principal source of income. Barley and
wheat.are the main crops, supplemented by fruit and vegetables.
Most of the fruit trees planted by the Italians have died
because of neglect. This is due to the fact that the local
Bedouin popuiation is almost totally ignorant of the techmiques
invélved and worse, has not yet learnt that orcharding and herd-

ing are mutually exclusive.

However, the Bedouin of El-Marj Plain who settled in
the former Ente farms are in a transition stage. It is not
easy to changé the 1ivestock_herder into a settled farmer,

This will take time, effort and large investment. Fortunately




the sedentary Bedouin are realising the importance of
settling down and they have already started mechanizing
their farming and planting fruit trees. The establishment
of the National Agricultural Settlement Authority is a
large step towards the agricultural development and
settlement of the Bedouin. Because of this interesting
situation of transition and ﬁnexploited potential and the
question of to what extent it can contribute to the
economic development of the country, this region appeared
worthy of study even on the basis of tentative pioneering
work. The thesis is divided into three parts. Part T

is concerned with the physical environment i,e, relief and
land forms, geology, climate, vegetation, soils and water
‘resources. For the cﬁapter on geology it has been possible
to obtain for the first time an accurate account of the
geological ‘structure. The first detailed structural map
of the north eastern Cyrenaica is reproduced and the most
recent Libyan geological map (1964) is taken as a basis

for the geology of the region.

Because dafa on the soils of El-Marj Plain and
Cyrenaica are scanty and scattered, the author collected
soil samples from the Plain and these form the basis for

the chapter on soils.

Part ITI deals with sedentary agriculture,livestock,

shifting'cultivation and nomadism. It was found‘convenient
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to start this part with a note on the historical background
stressing the evaluation of the land by people through
history. At the end ofjéhis section a discussion on the role
of the Natiﬁnal Agricultural Settlement Authority follows

the detailed accounts of the agricultural pattern of the
region. The activities of the organisation are vital .and

the agricultural development in Cyrenaica will depend on the

success of this Organisation.

‘Part III deals with three topics: the background
of social organisation, population and settlement. The
Ch apter on the background of social organisation deals with
the racial elements and the tribal structure. As the tribe
is the.cornerstope of Cyrenaican administrative unity, it was
felt necessary to discuss the administrative system at the
end qf this Chapter. The Chapter on population is an attempt
to evaluate the Demogfaphic position of El-Marj Plain and
Cyrenaica in the light of the recent censuses including
the preliminary results of the 1964 census. General outlines
on edﬁcation, health and living standards are included. The
Chapter on settlement deals with types of housing, the urban
centre of El—Marj‘énd the main villages. An account of the
earthduake that -struck the region in 1963 causing damaée to
the old téwn of El-Marj must be considered in the thesis
_becausé of the dimplications for the development of a new
town of El-Marj to replace the one almost completely destroyed.

This central urban centre is of great significance to the
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development of the Plain.,

0il has a great impact on the ecounomic and social
life and; therefore, a short examination of the social
changgs occurring at present in Libya and the Five—Yefr Plan
is inciuded. Each Chapter comcludes with a éummary aﬁd
conclusion and a general conelusion is presented at the end

of the thesis.

The.names of the towns, villagés and localities
are spelled according to the Cyrenaican practice and
corresponding to the usage of the American Board on
Geographical names in Libya*s new topographical map
1 2,000,000,

As the statistics and the ;dminbtrative boundariés
'dp‘not correspond with El-Marj Plain on many occasions; it
was found neéessaéy to deal with the adjacent areas i.e. the
coastal plain, and the high Jebel in the immediate viciﬁity
of El-Marj Plain. This is #mportant because it shows the
economic‘significénce of El1-Marj Plain to surrounding areas.
A comparison between El-Marj Plain and other regions in
Cyranaica and Libya is included. A combarison between Libya
and other countries was also taken into consider;tion.

At the time this work is presented, Libyé.witnesses_economic
and'SAéial changes due in particular to oil produetion and
‘also as part of a changing world. It is sincerely to be
hoped that the country will exploit its mnew resource in the

proper way and for better living standards for the whole nation.
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Chapter T

Relief and Land Forms

Introduction

The main topographical features of northern
Cyrenaica are shown in Figure 2.. As can be seen from the
inset, this is a region of generally simple relief. The
only large area of high ground is that which occupies the -
most northerly part of the territory, and which is known
as the ngel-Akhdar or "Green Mountain'"; this is, indeed,
the only large area of high ground which occurs between

Homs in Tripolitania and Mount Carmel in Palestine.

Northern Cyrenaica may be divided into two main
relief regions, the Jebel and the coastal plain. The latter is
now usually referred to by its Arabic name, the Sahel,

though some Italian writers know it as - lower terrace.

The Jebel is a large and isolated area of high
ground about 250 kms. long from east to west. The crest-
line of the Jebel, rising in places to over 800 m. above
sea-level, lies to the north, always within 50 Kms. of the
coast. To the south of this crest-line the ground falls
very gradually towards the depressions containing the oases
of Marada, Al-Jaghbub and Siua. To the east there is a
similarly gentle gradient. Northwards and westwards,
however, the Jebel is limited by abrupt slopes in the form

of two successive escarpments. Between these escarpments




Figure 2

—— e —

'SW00l 08 09 Ov 02 O viava3rye

SIN3WdY¥VIS3 ettt ettt
NMOHS ¥V SIGYM ¥395MVT 3H1 ATNO
:310N YNIL3INZ

VOIYNINAD NYIHLHON | Lvr3iNY
40 AHdYY¥90d0l w

NOI93Y 3L1TV8
IVNY3S-SI  qiey-1a ¥VIEV-TI

svayvr® =

veanos <
40
PEYY)

13 Svy

YNH3G JE, e, INIHAD A
VOVN-NIT M L, et

*res

HYWWNYVOY VIO M q wm

vINO110dV " H3IWVV SVY¥




=16~

lies a strip of country with gentle slopes; this will be
referred to as the "upper terrace". Its width is variable
with a maximum of over 25 Kms., in Western Cyrenaica and

a minimum of 3 Kms. behind Lathrun. At the south-western
end of the terrace "karst" erosion has}predominated and
has advanced so far as to create a series of inland
drainage basins; these, with their thick deposits of Terra
Rossa, form the fertile plains of El-Marj (Barce), Silina

and El-Abiar (Vide Fig.3).

The Sahel is a narrow and often discontinuous
coastal plain of triangular form which runs from the Gulf
of Sirte to the Gulf of Bomba., In places it is only a few
hun&red metres wide where the coastal, or the first
escarpment approaches the sea. It reaches its maximum
width 60 Kms. at a point 55 Kms. south of Benghazi. The
Sahel as far as Tocra is bordered along the coast by

numerous salt-pans fed by the sea.
The Sahel

The coastal plain as far as Ras Aamer has a
simple topography, the Sahel and the escarpment together
forming a smooth concave surface morphology. Between Ras
Aamer and Ras Hammanthe coast has a number of inlets at the
mouths of the wadis of Giargarummah, El-Laulab and
Habbun. According to Desio(l), it appears that marine

erosion has largely determined the form of these inlets.
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Along the narrow strip of land between the escarpment and
the sea a number of small depressions occur, some of which
contain water. The wadis descending from the first
escarpment flow into these depressions and never reach

the sea.

Between Bir El-Agla and Sahel El-Mneitir the
"escarpment reaches the sea and the coastal plain completely
disappears, being replaced by a well marked cliff-line.
From Sahel.El—Mneitir to the east of Tulmeitha - a distance
of:12 Kms. - a narrow coastal strip exists which nowhere
exceeds 500 m. in width. Immediately east of Tulmeitha
there are two small islands which Desio(z).believes
to Tepresent submerged consolidated dunes. The coastal
plain gradually increases in width westward from half a

kilometer at Ras Tulmeitha-to two kilometers at Tulmeitha,

four at Tocra and 18 at Benghazi.

As far as this part of the Cyrenaican coast is
concerhed no good harbours exist and few usable coves have
been formed by recent coastal submergence(B). To the south
of Tocra there is a cordon of low coastal dunes which vary
in height from 3 to 10 m. They form a long barrier
parallel to the seashore separating a strip of. low land
and salt-pans called Sebkhas, these lying about 1 meter
- below sea-level. The inland limit of the éebkhas coincides

with the limit of the coastal plain. The three main
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sebkhas from the north to the south are Bu.. Giarrar,

Bersis and El-Cuz. It seems that the sebkhas have been
formed by sea water seeping inland. The dunes are a
product of wind and wave action together with a gradual
submergence. To the south of Deriana the sebkhas disappear,

to reappear in the area .of Sidi Khalifa, north of Benghazi.

The consolidated dune-deposits occasionally form
a gently‘undulating surface of great extent along the coast
between Tocra and Tulmeitha. They also form chains of hills
rising to considerable heights. Alluvial fans cover
certain large areas of ground and attain great thicknesses

pafticularly at the foot of the escarpment.

Between Tulmeitha and Benina a step.interrupts
the regularity of the gradient of the coastal plain. It
lieé 18 Kms. east of Benghazi, immediately to the west of
the village of Benina. The step runs from north to south
and, though'hardly a conspicuous feature, it extends for a
disgance of about 10 Kms. At its extremities it becomes
more gentle in gradient and merges into the surrounding
country. The foot of the step maintains an altitude of
about 90 m. above sea-level, while its credline lies

between 100m. and 120m.

The coastal plain between Tulmeitha and Benghazi
has a triangular form, and southwards merges into the open

wide region of Sirte. The plain has a characteristically




gentle gradient, and the contour-lines show a remarkably
even spacing. The surface of the coastal plain is mainiy
composed of solid Tertiary limestones. Small wadi

furrows have incised themselves into the surface of the
Sahel but these generally tend to disappear to the south
of Tocra before reaching the sea. Only two of these flow
into the sea. These wadis and wadi systems will be dealt
with under a separate subtitle in this chapter. The Terra
Rossa which covers a large area of the Sahel is mixed
with many rock fragments, and only scattered patches are

suitahle for agriculture.

The first or lower escarpment and its terraces

The crest of the first escarpment comes into
existence north of Antelat. The scarp foot iies at an
altitude between 150 and 180 m. above sea-level, and it
runs in a north—easterly direction to just south of
Tulméitha. The escarpment in this part has a steep
average gradient, but this becomes more gentle further
to the north-east. Along its entire course, however, the
escarpment has a clearly marked lower limit lying always
between 150 and'200m. The level of the cwest of the
escarpment is somewhat wvariable. It is 294m. at Bacur

.Rest House and 300m. above sea-level at Tulmeitha (Vide

Fig. No.4 and Plate la). The continuity of the escarpment
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is broken at frequent intervals by'deep gorges. To-the
west of Tulmeitha remnants of two well developed terraces
can‘be distinguished. The lower of the two indicates a
shoreline of an approximate level of 20m§h) One kilometer
east of the town in the banks of Wadi Zuiana a wave-cut
platform with beach-deposits can be traced upstream from
the modern shoreline. All of these features are completely
buried beneath alluvium and consolidated dunes (6.4m.

above sea-level, at the foot of a low cliff).(5) Further
upstream a second bgach—deposit exists, buried beneath

alluvium but resting on bedrock at an altitude of 33 m.

Within 15 Kms. east of Tulmeitha the gradient
begins to decrease and terraces are visible. East of Sahel

El-Mneitir the escarpment resumes its normal form as far as

Meghiunes (19 Kms. west of Wadi Giargarummah). It is
extremely steep and apparentlywithout terraces. Just east
of Meghiunes there is a zone of landslips. From here

_eastwards to a point 6 kilometers west of Wadi Giargafﬁmmah
there is a well marked cliff line, which represents the
"whole of the escarpment. The remainder of the escarpment
as far as 15 Kms. west of Ras Aémer, becomes lower and less
steep and seems to have undergone considerable subaerial

erosion...

In the vicinity of Wadi Giargarummah the top of
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the escarpment descends almost to sea-level. Near its

foot is a continous line of beach conglomerate which, from
sections in the sides of the wadi, can be seen to rest upon
a narrow platform whose inland edge stands at 6.5m. To

the east of this point the height again rises gradually
towards Apollonia reaching a maximum in the zone of Ras
El-Hilal (551m. above sea—level) and then descending
towards Derna where the surface of the escarpment lies at
about -:250m. From Derna towards ithe Gulf of Bomba, the height
slowly diminishes until reaching almost sea-level near the
lighthouse of Ras Et-Tin. The escarpment as a whole is

of great length, running for about 400 Kms.

The -Uppexr Terrace

The upper terrace becomes a prondunnd feature
- only in the area where the Jebel edge is broken into
two escarpments,and its surface is not horizontal

but undulating, dipping from north to south.

On the terrace is a line of depressions which are
represented by a series of basins along the foot of the
second escarpment. They are separated from the edge of
the first escarpment by a zone of regular rounded relief.
The following data refewr to these geomorphological

features, in metres, above sea-level.




Edge of the Edge of the
Zone first escarp- Crest Basins second escarp-
ment. ment
El-Regima . 280 320 220 400
El-Abiar 220 370 260 460
El-Marj 300 370 276 Lo

To the east of El-Marj the undulations of the
upper terrace trend from north and south longitudinally.
These undulations cease grédually. In the El-Fahaga area
(24 Kms. north east of El-Marj) there are parallel basins
and other ridges aligned parallei to them. However, the
undulations of the terrace begin in the south-western portion.
The altitude increases towards the north reaching a maximum
off 417m. above sea-level at Gasr El-Riah (12 Kms. north
of El—Abiar). They decline rapidly to 360 m. towards the
north-east. The altitude increases again to 393m. at Bu
Zueitina (11 Kms. north of El-Marj) and to 403m. at Sidi
Ismail (8 Kms. west of Batta). It then descends to sea-level.
To the east of Bir El-Agla the upper terrace does not
represent an area of marginal relief. To the east of Bir
El-Agla the surface of the terrace is dissected by
numerous wadis. At this point it seems that it is made up
of two steps. However, it dips towards the sea and starts

again at the gorge of Wadi Giargarummah where the altitude
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increases towards the east. The following data represent
the marginal edge of the terrace in metres, above

sea-level: -

Minimum heights Maximum heights
of the lower off upper limit
limit of the of’ the upper
upper terrace. terrace.
South of El-Hania 90 350

" " Ras El-Hamman 150 390

" " Ras Aamer 200 - k20

o " Gorge of W, 220 450

) Giargarummah

" " Apollonia 300 490

" " Ras El-Hilal Loo 540

The Second or the Upper Escarpment

The second escarpment maintains a less distinct
individuality than the first, and is much less extensive.
Towards the south-west it begins about 10 Kms. south of
El-Abiar where sub-aerial erosicen has been particularly

(6) _,

intensive and runs parallel to the first with a scarp

which initially does not exceed 100m. in height.

The height of the edge of the escarpment rises
to 40lm. above sea-level at El-Abiar rising to 450m east

of Got Silina. The direction of the escarpment in this zone
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to Got Silina is north-south, then curving towards the
north-east. It declines to the south of El-Marj to
430-420m. The difference here between the two surfaces of
.the escarpments is about 120m. The escarpment continues
in a northieasterly direction at around the same altitude
until Eluet Sultana where it declines gradually to

360m. and advances to the sea to a point onlv 8 Kms. from
the seashore. There is an intermediate terrace in this zone
at an altitude of between 215 and 220m. The difference here
between the two escarpments is about 150m. At Ras El-Hilal
where the elevations of the coastal escarpment increases,
the maximum height of the second escarpment is also to be
found, (670m.). The secoﬂd esbarpment loses its own
individuality in the zone dissected by the affluents of

W. En-Naga. It extends to Martuba (200—250m.), then it
descends to the depressions of Gulf of Bomba where it ends
with an abrupt perpendicular féll before dying out towards

the south.

The surface of the second escérpment which extends
from the edge of the high'. Jebel is dissimilar ‘to . that
of the first. To the east of El-Marj and on both sides of
Wadi Caab there are undulating platforms at an altitude
varying between 420-430m. and extending to 6,7 Kms. from
the top of the escarpment towards the interior. These

edges continue at the same altitude until they reach the




gorge of Wadi Giargarummah. Then they rise gradually
to 510-520m. near Messa, to 670-680m. in the vicinity of
El-Beida and to 670-680m. at Zawiyat Tert (60 Kms. west

of Derna) where they take a direction towards the interior.

The High Jebel

Although dissected by wadis the higher part of
the Jebel, above the second escarpment, is an area of
generally low relief and monotonous appearénce. It consists
essentially of gentle slopes falling away on either side
of a crest-line which, though very ill-defined, runs roughly
from west-south-west to east-north-east, always within
25 Kms. of the escarpment. South of the crest-line these
slopes continue into the dip slope which extends downwards,
apparently without a break, as far as the oasé&s depressions.
On the north side the slopes of the high Jebel, until
truncated by the escarpment itself, are broken by one minor

interruption.

In spite of its low relief the area as a whole
shows considerable variations of altitude. There are two
main areas of culmination divided by a saddle. The higher
of the two lies to the south of Cyrene and includes the
“highest point of the Jebel, 882m. above sea-level. The
other lies to the south of El-Marj, and reaches a maximum
of 676m. near Jardas El-Abid, whilst the saddle (situated

in the vicinity of Tacnis) is at an altitude of between




400 and 500m.

The Origin of the escérpments and terraces

Attempts to explain the escarpments of northern

Cyrenaica are still under debate. The three hypotheses
are:-

1. Aifferential erosion,

2., fault scarps,

3. marine erosion.

The theories‘used to explain the escarpments now agree
that neither can be ascribed to differential erosion,
since both are ecut in rocks of varying ages, dips and
physical properties. This, however, has left room for
the two-altérnative hypotheses:-
1. That the escarpments could more probably be ascribed

(7).

to faulting or abrupt folding (Spratt

(8) (9))_

Gregory and Desio
2. That both might be wave-cut cliffs, formed during
paﬁses in the original uplift of the Jebel

(10)

(Marinelli Ahlman(ll), and Stefanini(lz)).

Marine erosion, in Desio'!s view, has been

confined to certain parts of the coastal plain (Tocra area
and Ras Aamer) and had not played an important part.

(13)

However, Hey in his recent study on the Pleistocene
deposits on northern Cyrenaica finds strong evidence in

support of the importance of marine erosion.
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(14)

According to Hey the entire coastal plain

was formed by marine erosion with the plain and the lower
escarpment representing respectively a wave-cut platform

and its associated cliff-line, both features formed during

a single period of high sea-level. According to this theory
most of the plain must be older than the Benina and Tocra
steps, which thus represent the total affect of subsequent
marine erosion. However, the associated faults are

relatively ancient, and acted in some way as a line which

resisted erosion.

The upper escarpment like the lower cannot be a
fault scarp, although the parts near El-Marj and Derna are
associated with faults. The theory submitted by Hey(l5) is
that the upper terrace is a wave-cut platform, and the
upper escarpment its éssociated cliff-line wasformed, unlike
the iower escarpment, during a single period of high sea-
level. " Once again the faults merely accounted for its local
formation. The dominant opinion at present, therefore,
is that marine erosion is responsible for producing the
escarpments and the terrace. However, this seems to
underestimate the extent to which the Jebel has been

subjected to earth movements.

‘Spratt was the first to indiéate the existence of
faults in the Jebel and his work was followed by that of

Gregory'and Marchetti. After the confirmation of the



existence of faults in the Jebel by Marchetti,(l6) Desio

(1939) revived the idea that the escarpments might be
(17)

directly ascribed to faulting or monoclinal warping. As
has already been pointed out, Hey confirms that the faults are
relatively ancient and acted as a line along which erosion

was resisted. The tectonics will be dealt with .- in . the

-chapter on Geology.

Hey(ls) constructed a diagram to show the

correspondence in height between the shoreline and the
escarpment and terrace and thus to show the nature of its
subsequent distortion (Fig. No.5). It can be seen from the
figure that the shofeline has been warped into a series of
undulations which are smooth and gentle but of very large
amplitude. At its eastern end, where it can initially be
traced, it lies only 150m. above sea-level, this is its
lowest point. From here it rises éteadily to a maximum of
550m. near Ras El-Hilal and then falls to 250m. at Wadi
Sudan (the main tributary of W. Giargarummah). Once more
it continues to rise until, 5 Kms. beyond El-Marj, where
it reaches 450m. To the west of this point its exact

altitude is unknown.

However, if sea-level stood at 200m. above its
present level at the beginning of the formation of the lower
escarpment it is probable that it stood even higher for
the formation of the upper terrace and the second

escarpment. The level of the shoreline is not horizontal
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now, and it seems that an earth movement has taken place

and has uplifted the Jebel.

The high Jebel has undergone relatively little
subaerial erosion since the upper escarpment and terrace

(19) (20)

were formed. According to Desio, there is in fact
a close correspondence between the undulations of the high
Jebel and those of the upper escarpment. Both culminations
of the Jebel lie near to parts of the escarpment which are
particularly elevated, and the intervening saddle lies just
to the south-west of the point where the escarpment sinks
to a minimum at Wadi Sudan. The Tacnis saddle is wholly

of tectonic origin.(Zl) Westwa?ds beyond the Tacnié saddle,
the present differences between the altitudes of the

Jardas El-Abid culmination and the upper shoreline soufh—.
west of El-Marj seem to be about 200m. which suggests that
the crest of tﬁe Jebel may have maintained its uniform level
in this direction; the western culmination as opposed to the
- eastern, may therefore be entirely due to tectonic uplifts.
It thus appears that the Jebel at the time of the formation
of the upper escarpment, was a long, low ridge, presumably
.an island, with a very even profile. Its topography, indeed,
‘was even more monotonous than that of the high Jebel at

the present day.(zz)

According to Hey(23) the limited distribution of

sediments later than Middle Miocene suggests that the main

uplifts of the Jebel began in Upper Miocene times. It is
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probable that all the known faults and monclines of the
Jebel were formed during this same period, in one single
movement of subsidence towards the present Mediterranean.
However, when these movements ceased, the resulting
irregularities were planed down by erosion; this on the
highest parts of the Jebel, was probably subaerial in
character.. Erosion was then continued by the sea, which
must have stood at a very high level relative to the land,
reaching to within 150 m. of the top of the Jebei. At this
time the Jebel was undoubtedly an island, While the land
continued to be stable the sea-level then dropped by about
150m. and marine erosion began once more to form the upper
escarpment and terrace. A period of gentle arching followed,
affecting all parts of the Jebel. Some upwatd warping

must have occurred iq the region south of El-Marj and
Lathrun @0 Kms. west of Iérna) - El-Gheghab anticline assumed
its presént form. Between the areas of uplift down-

folding took place along a line passing through W. Sudan and
p¥obably running to the south-west. These movements were
résponsible not only for the distortion of the upper shore-
line but also for the present relief of the high Jebel and

for much of the present drainage pattern.

Karst phenomeéna

The remarkable development of karst phenomena in

northern Cyrenaica produces a morphology which is similar to
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that which has been developed in the karst limestone region
in the Eastern Adriatic. The rocky surface of the ground
thus becomes modelled into forms characteristic of zones

in which the solvent action of waters saturated with
carbonic acid is exercised on calcareous rocks. It is
certain that this kar;tic prbcess plays a fundamental and,
in many zones, an exclusive function in the characteristics
of the detailed morphology. Whilst reviewing the known
forms of karstic modelling,.one immediately notices that in
Cyrénaica furrowed or rounded rocks, or rocks drilled by
the action of surface run-off water are very scarce.
Various factors can be noted to explain this absepce. First,
one must consider the low density of limestones which are
most frequently friable, coarse or marly and therefore most
apt to be disintegrated rather than incised by the aqtion
of rain. Indeed, in places where compact and érystalline
limestones outcrop over a considerable distance in
favourable conditions, some of the characteristics of
karstic erosion are found. TIn particular, one finds knolls
of_rock roun&ed and pitted by basin-like cavities regularly
distributed and emerging from the covering of Terra Rossa.
This can be seen for example in the Eocene limestones north
of El-Marj and near Bir Giargarummah. But in general the
obyioﬂs forms of pitted terrains are lacking. This is
especiaily the case as compared with most European karst

Zzones, where in addition to the compactness of the rock

there is a very much more abundant rainfall.



A negative factor which combines with the scarcity
of rainfall, is the formation of superficial crusts which
sometimes cover the surface of the rocks to a thickness of
several decimeters. This phenomenon is common in arid regions
and is due to a complex mechanism of alteration and
disintegration of the rocky surface, to the percolation and
evaporation of dew with the transport of colloidal substances
and with successive cementation and oxidation. Thus a
sﬁperficial concretionary zone is formed of a calcareous
nature, rich in iron oxides and fairly compact, which hinders
-the mechanical and chemical action of modelling by flood waters.
This superficial concretion covers the whole rock surface and
.therefore also has an hydrological effect in as much as it
hinders diffuse percolation of water, localising it in the
fissures and larger joints.(24) Surface crust is almost
completely absent on the'Jebel, but is particularly well

developed in the steppe zone where it is more than one decimeter

thick near Tansalukh (south of Tocra).

Percolating of meteoric water by means of fissures
leads here, as in all karst zones, to the enlargement of joints
in the rocks, with the formation of crevasses of varyiné
width. This is common in zones in which the rock is fairly
compact, but where the rock is coarse or earthy, such as on the
Oligocene limestones of the western Jebel, these forms are

completely lacking. The most widespread of all the karstic




forms in the Jebel are the large karstic basins and
the dolines. El-Marj Plain and its dolines will now =

be considered together.

El-Marj Plain

The El-Marj or Barce Plain is a closed
depressed basin on the upper terrace. It is the largest
karstic basin in the whole northern Cyrenaica. Fig.
No.3 shows the extension and the general form of the
Plain. The basin has a subvalley shape and it mainly
extends southfwest-north-east. It is 42 kms. long

and 12 Kms. wide (Vide Plate 1B)

The lowest point of the basin is 276 m. above
sea~level, situated one kilometer to the north--eadt of
El-Marj Town, and occupied by an intermittent lake in

the winter (see Water Resources).

This basin of El-Ghariq does not lie on
solid bedrock of the basin because of the presence of
thick deposits of Terra Rossa which reach a depth of at

least 50 m. (Vide Fig. No.4).

The second escarpment (where a group of wadis
descend into the Plain) defines the southern limit of
the Plain. To the east, the Plain widens gradually and

the surface rises from El-Ghariq to the outlet of Sidi



Said, there is another outlet near Sidi Dakhil in

the north. The eastern limit of El-Marj Plain is
satisfactorily defined by the watershed of the basin, while
to the north the most useful boundary line runs along the
watershed and the 350 m. contour. To the west the surface
rises gradually from El-Ghariq area ‘to 350 m. and rises
again to 369 m. at a point 12 Kms. west of El-Marj town
and then declines to 350 m. where the whole of the rise

of the land as will appear is best included within our
region. To the south west the 350 m. contour has been
‘'used as an arbitrary line across the undulating

transition between El-Marj Plain and the Silina - El-

Abiar plains.

The bedrock can be seen to be uneven from data
obtained from the drilling of wells. The depth of the
Terra Rossa is variable, and rocky summits emerge from
beneath fhe cover. The surface of El-Marj basin is not
flat since there are two small depressioﬁs similar to
El-Ghariq in the north of the Plain. These two
depressions are filled with water during the rainy
season and are called Bra® Nataa (Fig. No. 6). The
total area of El-Marj Plain is 1100 sq. kms. The average
slope is about 06% from all directions towards El-Gharigq.
Most of the arable land is located between 278 and 300

metres elevation.
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The only specific topographic problem in the Plain
is the El-Ghariq depression which as pointed out has no visile
outlet to permanent streams and ﬁill probably.create a serious
drainage problem for irrigation development.

In the undulating area which separates El-Marj
Plain from El-Abiar Plain a group of small basins occurs i.e.
Sidi Bu Zeid, Bilina, and Mletania. Their main characteristic
is that they are_small and not well-defined iike the El-~-Marj
Basin.

Marchetti, Desio and Hey have considered the
evolution of the El-Marj Plain and %he other smaller basins
in the context of karst erosion, while Marinelli believes
that the basins are ancient cut—off longitudinal valleys
and that karst erosion has modelled and widened the basins.

Tectonic movement is clearly important and further discussion

is deferred to a consideration of the Geology.

The Dolines

In general, enclosed forms of water percolation
give their characteristic morphology to wide areas of the
regionﬁ&&ﬂ@g.No.?) especially where the predominant
development of subsidence comstitutes the fundamental element
of the landscape. Dolines are widespread in the Jebel and
Benghgzi Plain sath of El-Mabni but discussion here will

be confined to the area east and north-east of El-Marj.
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To the east of El-Marj karst phenomena manifest
themselves all over the undulating surface of the soft
Oligocene and Miocene limestones of the upper terrace.
For a general idea of the distribution of these phenomena
one may note:-

1. The group of wide slightly depressed basins of
Berghet Oranga and Got Esh-Shendira (Vide Fig.8).
~morth

2. The widespfead well marked dolines to thé/east of

Sidi Said, especially in the zone of Got Bu Ghreiriba.

At El-Gharib Muhlhofer(ZS) records two karstic
depressions with pot-holes at the bottom of Wadi Caab.

There are the large dolines of Haua Es—Sé? and Haua Heitini.

(26)

According to Marchetti the scarcity of
funnel-shaped dolines at present in existence is due to

‘the fact that they are filled with sandy, wind transported
material. They have given rise to flat or irregular forms
rather like the dolines which are at present found on the
second escarpment of the Jebel. It should be noted on thel
other hand that on the surface of the upper terrace to the
east of El-Marj they are fairly widespread in the more
compact strata of the Eocene rocks and in large or small
forms. They have large deposits compared to their diameters,

as may be seen in the already mentioned dolines of Heitini

(250 x 170m. approx.) which are about 65m. deep.

The form of the dolines of the second escarpment

may therefore be explained best by first considering the
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less incised forms. The friability of the rocks (Oligocene
and Miocene limestones), which are mainly soft, causes a
rapid breaking down of the edges and slopes. This is
especially the case where thére is a slow infiltration of
water owing to the absence of well defined and open
fissuring§27) As far as older forms are concerned,
therefore, the disintegrating work of meteoric agents,
compared with the present low rainfall and with the
progressive filling up by alluvial Terra Rossa, has
contributed to soften the forms into their present aspects.
However, Marchetti(zs) does not believe that among these
complex factors the action of the wind caﬁ be held to be
exclusive or predominant, and in-the Cyrenaican karst it
has a function exactly comparable to that which is found

in other European karst zones, namely, it merely contributes

to the distribution of the Terra Rossa in the depressed

zones.

Also associated with the surface karst forms,
which hefe testify to localised percolation as a result of
fissured zones, there are also vertical drainage patterns
and various subterranean forms characteristic'of limestone
areas, i.e. sink holes and caves. Themsme are brought about
by the widening of joints in the rock through the chemical
and mechanical action of infiltrating waters which testify

to underground circulation.



However, in accordance with the usual events of karst
regions, vertical cavities (swallow—holes) predominate
in the flat areas; these may be considered as forms of
infiltration by vertical drainage or "circulation with high
gradient". With the latter it is a case of simple forms
connected by gullies with inclined courses (swallow-holes

and caves).

Tt is obvious from what has been said that karst
phenomena are represented in northern Cyrenaica in all their.
classic forms exactly similar to those observed in European
countries.

It is probable that this mofphological aspect
was formed in geological times which were climatically
different from the present. Thus, aided by different
altimetric and morphological conditions, there was inaugurated
in addition to fluvial modelling, a karst system now largely
inactive and now largely disproportionate to the present

hydrological regime.
I

However, the karst as a morphological factor is
predominant and still partially active in the more rainy
parts of the Jebel Akhdar. The karst type of infiltration
and internal circulation of water may still be considered

to be generally and uniformly distributed throughout the

rock zones of Cyrenaica.
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Wadis and Wadi Systems.

There are no perennial rivers in the whole of
Cyrenaica, except in a few wadis in the eastern Jebel which
have perennial springs. However, as far as El-Marj Plain is

concerned there are no., such copious springs.

The hydrographic network is made up of numerous
wadi courses which run off in a difection normal to the
coast, deeply incising the edge of the escarpment, with
embanked beds and precipitous walls, sometimes almost
vertical and usually with a rather narrow bottom giving a V
shaped section. The great majority of the wadis ‘are less

than 20 Kms. long (Vide Fig9).

On the Jebel the wadis radiate from the watershed
following the general slope of the ground. The centre of
dispersion of the wadis does not correspond completely with
the highest part of the Jebel. The centre of dispersion is

slightly farther to the east.

The wadis which originate on the plateau are
usually less well developed than those which originate on
the lower escarpment. In general they run so far out onto
the lower escarpment, but terminate at its foot. In
this region only axfew of the large wadis cross the lower
escarpment and reach the sea. These wadis are Wadi

El-Laulab, Wadi El-Sallum (the upper part of W.Guadeles)
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and W. El1-Kuf in its upper reaches and W. Giargarummah in
its lower reaches. W. El1l-Kuf rises on the high Jebel, ..
flows parallel to the Jebel, : - . turns almost at right
angles and descendé transversely to both the escarpments

to reach the sea.

According to Marchetti(zg)_it seems that the high
Jebel has only in a very limited area experienced
morphological rejuvenation which, due to lowering of base-
level or to variations of rainfall,or to both these factors,
has produced the deep incisions noted on the lower courses

of the wadis.

A few of these (W. El-Laulab and W. El-Kuf) have
extended their regressive erosive action to cut into the
second escarpment, but in no case has thisreached the head
of the valleys in which the profiles exhibit wvery marked
characteristics of advanced maturity. Ho%ever, in the zone
between the watershed and the sea, the morphology of wadis
exhibits two different aspects. Of these, one is
characterised by embanked deep wadis-ﬁhich generally have a
wide almost level bottom, and which are limited to the part
nearest to the edge of the escarpment. The second aspect
of the middle and upper courses is shown in wide level
valleys with gentle slopes surrounded by lowrounded hills

and passing into enclosed basins.

The main saddle of the Jeébel dips towards the nath
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and consequently the wadis running northwards are gorge-
like and short. Due to the lack of water and the
calcareous nature of the coast, most of the wadis disappear
before reaching the sea. The gradient south of the main
watershed is slight and the wadis are long and served by

many tributaries.

Having described the general outlines of the wadis,it
is nowconvenient to define the watershed of the Jebel before
going inte further details. There are two watersheds, the
first is the main Mediterranean watershed, and the second
the watershed of the inner drainage basin of El-Marj Plain.

In general the main watershed runs close to.the sea
at a distance varying from between 30-35 Kms. from %he sea
(vide Fig. 9).

The wadis north of the watershed run towards the
Mediterranean, while the wadis south of the line flow dinto
the closed depressions of the Baltes in the Es-Serual’
region south of the Jebel Akhdar.

The second watershed is that of the enclosed
basin of El-Marj, which is adjacent to the main watershed.

- The El-Marj Plain watershed coincides with the main watershed
on the second escarpment for a distance of 14 Kms. west of
Magren El1-Zitun (Vide Fig. 9) and runs north-east crossing
the second escarpment where it forms a dividing line

between W. El-Laulab and El-Marj Plain. It then turns west

to.a point four kilometers south of Sidi Ismail. It curves
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eastwards and then northwards where at the west of Batta

village it runs to the west along the undulating hills on

the crest of the first escarpment. It here follows the track
(Tariq El-Hammar) between Batta and El-Gatris. After this
point the line runs to the south east where it crosses the
area between W. Zaza which runs to the coast across the

lower escarpment and W, Mreiziq which flows into El-Marj
Plain., The line crosses the second escarpment and runs
through the dissected area of Jebel El-Abid where it encloses
the upper parts of Wadis Sleaia, Cuefia and other wadis
which flow into El-Marj Plain. The wadis of Seil El-God

and El~Gattara flow into the ephemeral lake of El-Ghariq
(vide Plate 2a).

(30)

Desio classifies the wadis of northern
Cyrenaica as follows:-

l. Wadis which rise and disappeér in the coastal plain,

2. Wadis which begin and die along the scarp of the lower
escarpment and do not reach the sea.

3. Wadis which rise on the upper terrace and finish at the
foot of the successive scarp or at the upper part of
the coastal plain,

L4, Wadis which rise and disappear on the scarp of the lower
escarpment,

5. Wadis which originate and end on the scarp of the
upper escarpment.

6. Wadis which begin on the upper escarpment and disappear
at the foot of the successive escarpment.

7. Wadis which originate on the first escarpment or the
second escarpment and reach the sea.
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All the major wadis do not stop before reaching
the sea, but the small wadis disappear either through the
pervious limestones or by evaporation. The waters flow

in the wadis for a few days suddenly after a period of rain.

The Weli developed wadis which disappear at the
foot of the second escarpment once seem to have reached
the sea. Because of disturbance by faults, the wadis can
bé divided into three parts; the upper part dies at the
foot of the escarpment, the water middle pért diéappéars
underground into the caves and fissures, while the lower
part flows into the sea(3l) (Vide Fig.9). The wadis which
rise on the upper terrace have a gorge-like course along
the escarpment before disappearing at the foot of the
scarp.

However, as a result of faulting, the segments
of the wadis took new courses along the fau;t lines, but
the wadis did not develop sufficiently. These two factors,
thé faults and the development of the karst scenery,
therefore, have affected the wadi system and have brought
an element of diversity to the wadi development. As a
result of this, river capture has occurred and brought
new wadis along the fault lines. These wadis originate
in the area south of the second escarpment, and run in a
northerly direction, cutting deep into the escarpment.

On reaching the upper terrace,-the first (known as W.Caab

in the upper part) runs parallel to the second éscarpment
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along a fault line, the second (known as W.Guadeles) continues
north to reach the sea, and the third runs west in a sharp
right angled bend, it runs north (where it is known as

W. Giargarummah) until it reaches the sea.

Other wadis on the northward side of the Jebel
are, firstly W. Habbun and secondly W. Shaaba where
the road between El-Marj and Tulmeitha follows the river
bed to the coastal plain (Vide Plate 2b). Also worthy
of nmote are the wadis of the western flank of the Jebel
which flow into the Tocra area on the coastal plain. It
has already been pointed out that the gradient in this
area of the coastal plain is slight but irregular. To
the north of El-Mabni, there is a large area covered
with Terra Rossa brought down by W. Zaza which rises in
the south-west of El-Marj Plain (Vide Plate 3a). To the
north of W, Zaza, another wadi called W. Belbarabides has
formed a similar deposit in its lower course. To the
north of Bu Giarrar there ié a small area covered with a
transported Terra Rossa which has been carried down by
W.Es-Sleib which reaches the sea. Two types of soil are
recognisable, the transported Terra Rossa brought down by
W. Es-Sleib and the coarse non-compacted sandy soil along
the beach and around the coastal sand dunes. The sand
dunes form a barrier between the sea and the wadi flood

waters. The wadi floods about three times each year during
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winter. ' .. W. Bacur has formed only small alluvial deposits.

because of the short distance between the first escarpment
and the sea. Other important wadis played a méjor part in
the distribution of the soils, i.e. Wadis: Umm-Amaim,
Gebela and El-Asra. The first two wadis after descending
from the plateau form deltaic fans extending to the coastél
plain. Their flood waters occasionélly reach the sea, and
ﬁsually disappear by percolating underground during their

lower course or on the sands of the beach.

However, Wadi El-Asra in the extreme north east of
this zone forms a relatively long wadi (15 Kms.) and it
too reaches the sea. It seems that the floods of this wadi
occur in vigorous torrents which rush down the wadi and
are able to transport many rocks and boulders. If one
follows the wadi course on the plateau, one finds that it
is cut deeply in the ailgvial materials which reach 7 to 8

metres in depth.

All the wadis in this zone have a narrow gorge
but more of these gorges appear to continue beyond the
loﬁer escarpment because of the hardness and homogeneity

of the bedrock.

Abandoned (or dead) Wadis

On the surface of the plateau there are groups

of wadis and basins Jjoined together. The bottoms of the
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basins are divided into small wadis, whereas those of the
wadis are covered with Terra Rossa and have the form of small
flat surfaces. Hydrologically the bottoms represent swallow-
holes. The general outline of the wadis on the topographic

maps represent the minor tributaries of one active wadi.

The Development of the Hydrographic System

If one assumes-thaf all the wadi courses are
silting-up, it may be observed tﬁat there are many cases
where the general slope does not correspond with the
present wadi courses. Therefore, one may recognise without
difficulty the traces of the river captures in the adjacent
wadis. The most significant example is W.El-Laulab. W. El-
Laulab (Bu Greimisa in its lower reaches) represents an
irregular wadi course, The wadi from the Jebel to Bir Grashia
has a right angled course in its lower part at the foot of
the second escarpment where it corresponds with the fault lire.
W.El—Fahééa fdrmerly formed a small group of wadis
originating on the upper terrace and flowing into the sea east
of Ras Tulmeitha. At present W.El—@éhaga is a tributary of
W.El-Laulab. The small valleys which originally were
contained within the wadi system were gradually isolated. from
this development because of the downward percolation of their
waters,

There is no direct connection between the closed_

valleys and the active arms of the wadis as far as surface
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connections are concerned. A group of wadis flow into the
active wadi and disappear in the cavity of the bedrock.
Finally, it appears that the small wadis are in fact arms of
the ancient hydrological system. According to Desio(32)
the abandoned wadis become active again when the basin
is silted up. A typical example is represented in an
alignment of deprgssions in thezone between El-Marj and
Tacﬂis. These characteristics are found in Zawiyat
El-Gsur east-south-east of El-Marj where a swallow-hole
called Haua Bu Uden exists and water collects in it

(Vide Plate 3B). Another swallow-hole is to be found near

to Got Sidi El;Gadri(BB).

SUMMARY

El—Maré Plain, and the coastal plain to the
southzwest of Tulmeithg represent the greatest scope for
agricultural development. The wide flats of El-Marj Plain,
" where 28, 000 hectares of settled agriculture existﬁ,.have
a heavy soil of Terra Rossa type. There is in fact no
coastal plain east of Tulmeitha because of the approach of
the escarpment to the sea. The escarpment is dessected by
numerous wadis making the extension of the road system an
expensive task. To the east of El-Marj and on the high
Jebel the land is rugged and undulating and agriculture
occurs in only a few scattered patches. Travel on the

plateau is arduous because of the transverse wadis running
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across the country to the sea. The water flows in
™ the wadis during the winter and either reaches the sea

or disappears into the pervious limestones without being

utilised by man.
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CHAPTER IT

Geology

Introduction.

The relief and landforms of the El-Marj region
and of northern Cyrenaica, as already examined, owe much
to geology and structure. ‘In combination with relief and
élimate, geological factors also control the hydrology
and, as we shall see, the nature of the parent material for
soils is of extreme importance. Lastly of course there
are tectomics most obviously relevant in the earthquake

history of El-Marj.

In this chapter are therefore considered, first
the general geoclogical situation, and later various
aspects of particular importance. Most of the detail is
best examined under the heads of other phenomena, such as

hydrology, @oils etc.

Any understanding of the contemporary human and
economic situation in Libya must also necessarily take

the recent discovery and exploitation of oil into account.

The geology of Cyrenaica to the north of the oasis
depressions is reasonably well known. The first detailed
study was made by Spratt (1865) which was -followed by
Gregory (1908), Crema (1922), Marchetti (1934), Desio( L.935)

and the recent study by McBurney and Hey (1955). The best
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available maps are the one of Desio's (1935) and the most

‘recent one compiled by Conant and Goudarsi (1964).

Libya is a part of the Mediterranean foreland
which is not complicated by a coastal belt of strongly
folded sediments comparable to the Atlas Complex. However,
a semblance of mild compressional deformation is seen in the
Jebel Akhdar. This range of low mountains is the
topographical expression of a highly faulted "anticlinorium"
in which Mesozoic rocks have been uplifted exposed at the
core.

Epirogenic down-warping, tilting and block
faulting on a lesser scale have differentially depressed
the Libyan foreland allowing periodic advance of the
ancestral Mediterranean (Tethys) sea.. Thus all of the
geological systems are represented in the Libyan record,
but no single basin appears to contain a complete column

(vide Fig. 10).

However, northern Libya can be divided into three
major geological provinces each having its distinctive
history of sedimentation. From west to east these are:

The Ghadam:es basin, the Sirte basin or Embayment and the
Cyrenaican plateau.,- The latter is represented by the
foreland of eastern most Libya which is a basement platform
.having gentle northward slope, and on which peisms of
Paleozoic, Mesozoic, and Tertiary sedimentswere deposited.

- Mesozoic strata thicken markedly in the northerm portion
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of the Cyrenaicanjplatform,

Figure 10 illustrates diagrammatically the
subsurface of the three northern provinces. Very little
of this section is exposed at the surface. It is.interesting
to note the broad divisions in lithofacies that are
. apparent. Whereas an alternation of sands and shales
éharacterise the Paleozoic, carbonates and shales

predominate through the late Cretaceous and Tertiary.

As far as the Jebel Akhdar is concerned, of the
rocks exposed on the surface, all are of sedimentary origin
and almost all are marine limestones. The oldest known are
of Upper Cretaceous age; these are confined to two inliers
on the crest of the Jebel, and another two localitiés on
the north coast. Eocene mand Oligocene beds occupy much
larger areas, though these again occur only in and around
the Jebel. The greater part of northern Cyrenaica is
covered by rocks of Miocene age, those of Middle Miocene
being especially widespread. Younger beds, on the other
hand apart from these of Pleistocene are only doubtfully
present, and must in any case be of very limited

distribution (Vide Fig.1l1).

Most of the region appears to have a very simple
geological structure, the beds showing nothing more than a
gentle Southerly dip. Tectonic complications are known

only from Marmarica and from the Jebel itself. In the
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latter area, these complications are'mainly in the form of

faults and monodines, sometimes of. considerable downthrow

and extent.,

The following classification based on the work of

Gregory and the Italian geologists has been adapted for the

rocks of each sx;fem that is known to occur in the area of

study:-
_Groﬁp System Series’ Stage
Post Tertiary Recent
or Pleistocene | Upper
Quaternary Lower
?liocene
Tertiary Upper :
Middle Tortonion
or Mocene :
‘Helvetian
Cainozoic Lower - ‘Lanéhian
Aquitanian
Upper Chattian
Oligocene Middle  Rupelian
Lower Lattorfian
Upper Priabonian
"Eocene Middle Lutetian
Lower
Secondary Cretaceous Upper Danian (includiﬁg
‘ Maestrichtian)
or Senonian
Tutonian
Mesozoic _ ‘Cenomonian .
Nubian ‘(of Post Pleozoic|

Series

to greiTertiaQy:'

Aoe
=




The rocks of each system will now be briefly examined
beginning with the oldest (prer Cretaceous) and passing
upwards throughthe series in order of decreasing age to the

&oungest deposits.

Upper Cretaceous:-

Desio‘(l933) mentioned one small outcrop of
Cretaceous in Cyrenaica, which had been discovered by Crema
(1922) in Wadi Bacur, between Tocra and El-Marj, near where
the road ascends the face of the Jebel (Vide Plate 4a).
This exposure is shown on Desio;s geological map as a strip
along the same line as Gregory;é "Tocra fault". Since
then, mainly by Marchetti, Cretaceous rocks have been proved
to occur in a number of localities in the Jebel. Marchetti
(1934) states that the Cretaceous of Wadi Bacur near Tocra
appears as a small lens of white and grey marly limestones
with nodules of flint and a few fossils of Upper Cretaceous

(Maestrichtian) age, which forms an inlier in a small fold.

The Cretaceous limestones generally vary but
slightly, are white or light yellow in colour, mostly

nummulitic, some with flint, and are mechanically soft.

According to Marchetti, it is probable that
between Tocra and Tulmeitha near the mouth of the deep wadis
outcrops of these horimons exist which have not yet been
discovered.l This was confirmed now on the Conant and

Goud%?i‘s geological map (1964), whith shows the Upper
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Cretaceous beds as a continuous strip along the first

N
escarpment between Tulmeitha and Tocra (Vide Fig. 11).

The largest exposure of Cretaceous beds, roughly
20 km. from north to south and 30 km. from east to west,
is around Jardas El-Abid, south of El-Marj. These
beds belong to the Upper Cretaceous and are course, compact,
yellowih limestones, yeliow and greyish marly limestones and
marls and crystalline limestones. Fossils are abundant but
are generally internal casts and badly preserved. At
Jardas El-Abid and Got Sas fossils of Cenomonian age were
found and lower Senonian fossils occur near Got Sas
and a little to the west of Gasr Gebela (12 kms. north
east of Tocra). Beds of compact limestone containing
oysters and sea-urchins, alternating with cou?se limestone
appear to represent the upper part of the Cretaceous along
the northern margin of this exposure. The western
boundary between it and the Eocene is a north to south
fault parallel to Sidi Mahius fault; on the north it passes
under the Eocene, while on the east and south the Oligocene

is transgressive on it.

Desio(z) remarks that if faulting has not taken
place along the contact between the Upper Cretaceous and the
Eocene, the Eocene must be transgressive on the Cretaceous

and further research should be undertaken to elucidate this



point as it would be of great practical importance, because
of the valuable deposits of phosphate found near the top

of the Cretaceous in neighbouring countries.

Tertiary or Cainozoic

Eocene: -

The strata of the Eocene system are widely
distributed in the Jebel Akhdar. Throughout this area their
lithological features and fossil species remain remarkably

constant and they attain a thickness of over 200 m..

a. Lower Eocene:- Gregory'!s Apollonia limestones;

Marchetti states that the passége from the Cretaceous to
the Eocene is clearly visible only at Wadi Bacur and
Tulmeitha, where the lower marly limestones with the
Cretaceous fossils pass insensibly into the overlying
compact flint bearing limestones with which they are

perfectly conformable.

Lower Eocene beds extend without break between
Sahel El-Mneitir (eastof Tulmeitha) and Bersis, where they
form the base of the first escarpment and also the coastal
plain between Sahel El-Mne:i.tir and Tocra. They also appear '
at the foot of the second escarpment between El-Marj and
El-Gharib. They consist of massive compact siliceous
limestones with a number of shelly beds containing many
foraminifera, and they are terminated'at the top by a

breccia flint fragments.
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b. Middle Eocene:- The most extensive strata in El-

Marj Plain are of the Middle Eocene (Gregory's Derma
Limestones). They extend from El-Hania to the south west
along the crestdthe first escarpment, and they form almost
the whole of El-Marj Plain to about 40 km. south of El-
Hemda. The Middle Eocene beds extend also to the south
forming the second escarpment at Jebel El-Abid, and around
the Cretaceous of Jardas El-Abid. The second escarpment
south of El-Marj continues westwards along the plain of

Silina and is formed mainly by the Middle Eocene.

On the eastern Margin of El-Marj Plain the cream
coloured limestones with nummulites form the relief features
- surrounding the plain. Around El-Gsur Desio(j) records the
existence of soft white nummulitic limestones characterised
in parts by the Middle Eocene. Between El-Gsur and the edge
of the second escarpment the colour of the limestones

becomes yellow.

The Middle Eocene forms the northern boundary 6f
El-Marj Plain at Sidi Said and El-Khawabi where the white
soft limestones predominate. These limestones have a sandy
aspect and contain extraordinary quantities in siliceous
nummulites and apparently of nummulites which are Gizehensis
in origin and of Lutetian type. Between the localities of
Sidi Said- and Sidi Dakhil the.Mocene is transgressive

on the Middle Eocene.
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Along the continuation of the crest of the first
escarpment towards the west-south-west, the Lutetian
nummulitic limestones appear near El-Gatris on the road
to Tocra. They are white soft limestoneé with other
compact cream coloured limestones. The Middle Eocene
formations extend around Farzugha and southwards to El-

Hemda.

The typical Lutetian appears at the series of the

second escarpment south of El-Marj with Nummulites Gizehensis.

(4)

The strata form a passage to the Upper Eocene

According to Gregory, six kilometres south of
El-Marj there are exposures of a limestone with nummulites,
which no doubt belong to Derna limestones(5) (Middie
Eocene). The Middle Eocene outcrops also near Bu Semah.

The Middle Eocene yields a good building stone.

C. Upper Eocene.

In the second escarpment south of El-Marj the
Upper Eocene is represented by soft, white nummulitic
limestones and the Slonta limestones of the Jebel are also now

regarded as being of Upper Eocene age.

The Upper Eocene formations of similar
lithological characters to the Midlle Eocene follow
regularly on the top of the Middle Eocene at the faulted
junctions of the Eocene with the Cretaceous west of

Jardas-El-Abid and runs eastwards along the summit of the
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second escarpment to the south of Apollonia. A tongue
extends to the east, _ south of El-Beida.
Oligocene:-

- The Oligocene formation covers most of the
central Jebel. - The series from the base upwards consists
of soft white limestone with mullipores, small nummulites,
sea urchins and molluscs; then sandy limestones with
brown shelly beds containing nummulites intermedius,

sea-urchins, and molluscs and finally coral limestones€6)

However, a tongue stretches from the Tacnis
area to around the Middle Eocene of Jardas El-Abid
Cretaceous. The addition to our knowledge of the Oligocene
since 1938 has been its extension to the east of El-
Abiar. The geological map of Libya (1964) shows the
Oligocene extending northwards across the second
escarpment and south west of El-Marj Plain to south-east
of Farzugha. It then swings towards the south east in a
strip to the north east of El-Abiar, and then to the west
where it meets the first escarpment 20 km. east of El-
Abiar (Vide Fig. 11) Desio mentions the existence (20 kms.
east-of El-Marj and around Tacnis) of the Oligocene
formations of yellowish flinty porous limestones, associated

with white-brownish limestones.

Generally speaking the continuity of the
sedimentation between the Eocene and the Oligocene seems

well established with the exception of certain points
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indicating the existence of certain gaps(7). The
Oligocene formations would be partly coastal and partly
continental, while the Upper Oligocene is marked by
marine sediments of little depth, the Middle and the

Lower are constituted by continental and lagoon formations,

The Miocene:~ The Miocene rocks in El-Marj Plain are

sparsely represanted, and only in the western part of the
pPlain. The Miocene formations constitute almost the whole
of Benghazi plain to a point of 18 kms. north east of

Tocra in the northern direction.

The Lower Miocene or Aquitanian:- The recent geological

map (1964) shows a narrow striﬁ running south to north
for about 50 kms. along the summit of the first
escarpment west of El-Abiar. The formations are white
fossiliferous detrital limestones of earthy material, and
become marly above and more massive and locally dolomitic
below. Another outcrop of lower Miocene is on the high
Jebel 15 kms. east of Jardas El-Abid where it extends
eastwards and southwards to constitute most of morthern

Cyrenaica.

The Middle Miocene ; .

or Helvetion Tortonian ~ The Middle Miocene formations

in the south west of El—Marj Plain occupy the area between
Sidi Bu Zeid in the north, Sleaia and Bu Semah in the
east, Mletania in the west and southwaxrds they cover the

El~Abiar area., The formations are organic detrital
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limestones and fossiliferous white sandy limestone and

calcareous sandstone of Benghazi Plain.

However, the formations in the south west of
El~Marj Plain and in El-Abiar area are represented in the
form of white compact fossiliferous limestones. The
formations are disposed in horizontal beds and the fossils
are well preserved in a form of marked pattern containing
snails in the rocks, The calcarecdus surface is eroded
by run-off, and the dépressions are covered by thick
deposits of Terra Rossa mixed with rubbler' This aspect

is observed in the area between Bu Semah and El-Abiar.

The coastal plain from a point 18 kms. north of
Tocra to a point. - just east of Benghazi is formed of
White, yellowish and ash-coloured limestones with
lithothaminium and fossiliferous patches containing

ostrea frondosa, pecten adunius etc. These limestones

continue southwards to Ajedabia where shelly limestones

predominate.

Ubber Miocene:- As far as El-Marj Plain is concerned no

formations of this age are represented in the region.
There are lenses of massive gypsum observed between Benina
and El-Regima. According to Stefanini, the El-Regima
gypsum belongs to the Upper Miocene. Generally speaking
these deposits present no interest from the point of wview

of economic wvalue.
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Pliocene:- There are no Pliocene deposits in the whole

of northern Cyrenaica.

Quaternary:- The Quaternary deposits in northern Cyrenaica

do not attain the thickness of those of the proceeding
formations, but they cover large parts of the region and in

places almost completely mask the underlying beds.

We may, with Hey, consider the Pleistocene

as follows:~

1. Marine deposits

2, Continental deposits

a. Alluvial deposits
b. Consolidated due deposits
c. Tufeceous deposits

Marine Deposits:— It has already been pointed out in the

chapter on relief that the lower escarpment possesses a
stepped topography composed of alternate cliffs and

terraces. It also has patches of marine deposits on the
surface. The terraces are considered to be ancient wave

cut platforms and the cliffs to be of marine origin(s).

The total number of shorelines in the area
concerned are five. The following is a list of levels
and localities at which ancient shorelines are thought
to have been recognised in the region with a fair degree
of certainty:-

150-200 m. Tocra-Antelat (still somewhat

doubtful).
90 m. Benina
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33 .and 20 m. Tulmeitha

15+ m. Benghazi

5-6 m. Tocra? Coefia, Benghazi.

It is very probable that the escarpment between
Tocra and Antelat represents the cliff of a single marine
shoreline whose altitudes now lie between 150 and 200 m.
If so, it can be comduded that the feature was formed at
a time when the sea itself stood between 150 and 200 m.
above its present level, and that it has subsequently
undergone no important tectonic disturbances.(9) This
would be the time at which the coastal plain was first
brought into existence by the action of marine erosion.
According to this the plain must be older than Benina
and Tocrg steps which thus represent the total effects of

subsequent marine erosion.(lo)

According to Hey it is almost sure that the
Tocra step with its constant level of 5 m. maintained
over a distance of at least 18 kms. must owe its present
elevation entirely to a shift of sea-level. It is only
slightly less certain that this is also true of the other
fragnents of shoreline which were found to lie at the
same altitude. The Benina step is also a mariﬂe cliff., To
the west of Tulmeitha the fragments of the two well
developed terraces were embanked with consolidated dunes,
but the lower of the two indicated a shoreline at an

approximate level of 20 m. The Cyrenaican shorelines
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may be related to the geological times scales established
in the world. Isolated fragments of shoreline levéls
between 6 and 9 m. have been reported from all over the
world, and several good examples are known of shorelines
which remain between these levels for great distances.
Thus the position of the lowest distinct shoreline on the
coast of the eastern United States is marked by a feature
known as the Suffolk Scarp which runs for 806 miles

(1300 kms.) between New Jersey and Florida. Similarly on
the coast of South Africa traces of shoreline at 6 m.
have been found for a distance of 1500 kms. firom the

Néllorth to Durban!ll)

The 6 m. shoreline has been assignecd to the Last
Interglacial. On the banks of W. Zuiana, beach deposits
are found and could be traced® upstream from the modern
shore as far as its termination, 6.4 m. above sea-level

at the foot of a low cliff,.

2. The Continental Deposits:-~ The Continental Pleistocene

deposits are divided into three categories as follows:-
deposits composed largely of alluvial material, deposits
of copsolidated dune, and deposits which include much
tufaceous material.

~

a. Alluvial Deposits:- The greater part of the alluvial

deposits occur as fans at the mouths of the gorges whih

emerge from the lower escarpment in the coastal plain
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between W..EsSleib (7 xms. S.W. of Tocra) and Derna. The
two main constituentslof deposits are fragments of rock

of local derivation and matrix which genérally consists
almost entirely of Terra Rossa. The Terra Rossa is
obviously derived having presumably originated on the broad
and level limestone surface of the higher Jebel where

it still occurs. (The Terra Rossa will be dealt with in

the chapter on soils.)

In éome cases the material is within the gorge
itself, its upper surface forming a single terrace. These
features overlie the 6 m. shoreline. The material of
which they are composed is referred to by Hey as Younger
Gravels. The deposits are thought to have been laid down
at a time when winter was very cold, the rainfall perhaps

moderate and seasonal(lz).

b. Coﬁsoii&ated Duﬁés:— The deposits of consolidated

dunes are of marine origin and most are in the form of
genuine fossil dunes, adjacent to the modern shore. It

has beenmade clear in the chapter on relief that the fossil
dunes are present around the entire coast between Deriana.
and a point of 8 kms. N.E. of Tocra, and between W.

Giargarummah and El-Hania.

However, the majority of these fossil dunes are
younger than the 6 m. shoreline and so they are called

younger fossil dunes, presumably formed when the sea—leyel
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stood considerably lower than at present.

There are also submerged fossil dunes offshore
Tulmeitha which denote a sea~level no higher than 17 m.;

(13)

their distribution also indicates north westerly winds.

c. Tﬁfaceous Deposits:~ The great majority of the

occurrences of the tufaceous depo$its were small and local.
They are almost a constant feature of those wadis which

contain perennial springs at the present day.

On the Jebel some faulting has occurred and there
are considerable disturbances (Vide Fig. 12). Gregory
claimed that he located five faults. Marchetti in 1934
confirmed thé existenee of two of the Gregory?s faults.

One was found to follow the lower escarpment from the N.E.

of Benina becoming momedine traceable as far as Tulmeitha.
Moreover, Figure No.l1l2 shows that the faulting continues
along the first escarpment east of Tulmeitha as far as
Apollonia (Susa). The other followed the upper escarpment
and can be traced from at least 30 kms. south west of

El-Marj to Cyrene.

It must be pointed out that both .. faults are

not quite continuous. The lower escarpment seems to have

less faulting along it particularly east of Tulmeitha,

The principal direction of the faults is considered

to be almost parallel to the coast and the edge of the
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escarpment since the fundamental tectonic trends of

northern Cyrenaica are disposed in this direction, i.e. the
numerous small faults of El-Marj Plain, Jardas El-Abid, the
flexure of Tocra, the anticlinal axis of the dorsal of the
high Jebel, the undulation of the area between El-Marj Plain
and El-Magahir, and the small faults on the upper terrace

between W. Giargarummah and south of Ras Aamer (Vide Fig.lz).

There is a third fault running from the north of
Jardas El-Abid to the west which marks the northern and
western limits of the Cretaceous of Jardas El-Abid. This
fault is the major of numerous minor faults around Jardas

El-Abid.

The El-Marj fault brings the Miocene of Sidi
Mahius plain (S.W. of El-Marj) into contact with the Eocene
of the upper terrace. Further inland, the fault of Jardas
El1-Abid from the western limit of the Cretaceous outcrop

there, against which the Eocene has been faulted down.

Marchetti gives a geological secfion running south
east from Tocra, vhich passes through El-Marj Plain to Jardas
El-Abid and further inland to Heiraul El-Agsba. and Gur
El-Agaba (Vide Fig. 13), and cuts across two folds(lm).

The first fold is along the edge of the lower escarpment and
is responsible for the Cretaceous outcrops of W. Bacur,
Tocra and Tulmeitha. The Eocene beds beneath the plain of

El-Marj dip gently to the south east uqtil affected by the

fault behind El-Marj, which has dragged .them upwards so as
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to form a basin beneath El—Marj_flain'between El-Marj and
the fault that limits the Cretaceous of Jardas El-Abid on-

the north wesf. The Eocene beds, dip.gently towards the
norfh west, but as the fault is approached the angle of

dip rapidly increases. To the south-east of the axis, the
beds dip gently away from it. The relation between the
ﬁnderground hydrology and the tectonics is important. We will
deal with thismlation in the chapter on the water

resources .(See also "Earthquakes in El-Marj" - éhapter XI).

Economic Geologyv

Known wvaluable resources are few in Libya but
0il has so far been discovered in many places, and its
future appears highly promising. Export of oil started in
1961. As far as the area under study is concerned no strikes.
have yet been made but two dry wells have been drilled :in
Farzugha and Jardas Ei—Abid. In any case we will deal with
0oil as a whole in Libya because of its significance and
impact on the economic and social l1life. The impact of oil

will be dealt with in another chapter.

0il:-~ The first methane outpouring in Libya took place in
1914 in Sidi El-Mesri near Tripoli. The Italians drilled
other borings in Tripolitania without success. However,
the search for o0il in Libya.had hardly begun upon the
declaration of war. At the end of 1951 Libya achieved

independence and with stability the economic aspects of
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petroleum exploration were started. Under the Mineral
Law of 1953 nine international petroleum companies
commenced primary geological reconnaissance in Libya. As
this feconnaissance work progressed over a period of two
years, petroleum legislation was enacted in 1955. The
Libyan petroleum law established the framework for
intensive exploration. = The terms of the Law appealed to
0il companies, who were at that time attracted by the
relative political stability of the country. The
Government was to receive a 12% per cent royalty on the
value of o0il produced and saved. Profits were to be
divided on a 50-50 basis, of prices realised and not prices
posted. Amendments to the 1955 law in 1961 re-introduced
the conversion of the 50-50 agreement on to a posted
prices basis, brought in the possibility of participation
" by the Libyan Government in exploitation, and introduced

rather more stringent conditions.

The great competition among the oil companies for
new concessions'undoubtedly inspired the 1961 amendments
to the 1955 Petroleum Law. Indeed, concessions with outlets
in Europe have been encouraged by the Petroleum Council,
since Europe is the most expanding oil market in the world,
and of course, transportation costs from Libya are much less
than from the Persian Gulf or Venezuela; European companies

are increasing in number. The American 0Oil Company ‘drilled
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two wells at fhe Jebel Akhdar in 1956 in Farzugha and
Jardas El-Abid, but both wells were found to be dry. The
first strike of oil was at Atshan in Fezzan, (Vide Fig.llh)
with a potential of 500 barrels/day. Other successful
strikes were made by mid 1959 in Zelten in the Sirte basin;
by July 1964 producing wells totalled 511 and the total

exported since September 1961 was 298, 268, 988 barrels.

The major fields are concentrated in the Sirte
basin. This part of the desert is free of sand dunes and
the topographical features are large expanses of rough sand
and gravel pavement. Transportation here has fewer -

difficulties than in most of the Algerian desert.

The formations which contain oil in Libya are
the late Secondary and early Tertiary. The o0il is found in
the formations of Paleocene and Eocene in the fields of
Beda, Mabruk, Dahra, Hofra and Zelten. 1In Zelten the
formations containing 0il are beds of marly limestone of
the early Eocene called Ruaga Formations. These are found at
a depth of 6000 ft. below sea level and their thickness

is 1087, ft.

The first shipment of Libyan crude oil was made in
September 1961 from Esso Standard;s new terminal at Port
Marsa Al-Burayga. In 1962 Oasis 0il Company opened their
terminal at Ras Sider which receives o0il from their fields

at Mabruk
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OiL OISCOVERIES IN LIBYA, by July 1964.
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Both productive areas are situated not more than 200 kms.
from the Mediterranean shore. Mobil 0il have comnnected
their fields with a new terminal at Ras Lanuf. It is
planned also that British Petroleum will join.their
field of Sarir near Jalu with a new terminal at the Port
of Tubruq. Eséo has built a refinery at Marsa Al-Burayga
with a cépacity of 8000 barrels/day which came into
.operation in May 1965. The refinery producés benéene?

kerosene and indigrial fuel for Libyan consumption,

In comnclusion, the matural resources in Libya
aré.few; Thef did not provide raw material for
industrialisation, but with the discovery of oil the
picture has become much more favourable. O0il seems to be
the only salvation from the poverty the country has been
suffering. It will provide capital for the utilisation
of Fezzan iromn ore and for expansion in industfial and
agricultural spheres. The impact of o0il on the ecomnomic,
social life in Libya as a whole and on the El-Marj region
in particular is tremendously great, and its effects will

be dealt with in Chapter XI.
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CHAPTER IIT

Climate

Introduction

The elements of relief of northern Cyrenaica are
responsible for local variations in climate both in respect

to thermal and precipitation conditions.

Northern Cyrenaica is climatically divided by the
influence of the Mediterranean Sea on the coast and altitude
of the Jebel in the interior; these differentiate the two zones
of continuous habitation from the desert. It is only along
the Mediterranean coastline of northern Libya that the
influences.of the sea bring some rain and coolness and make
possible a zone of agricultural settlement and sustained
agricultural production. These Mediterranean sea influences,
however, do not extend to any appreciable degree beyond the

coastal plain into the hinterland of the country.

Northern Cyrenaica enjoys more temperate climate
than any other part of Libya, for rainfall is heavier and
‘summer temperatures are lower, facts which are attributable
to two factors; namely, its elevation and nearness to the
sea. Exposed as it is to the humid sea winds, this mountain
barrier gives rise to orographic precipitation which is

relatively abundant and frequent.

It is prdposed then to mention briefly the

meteorological elements affecting the climate of the area of
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study, followed bj a discussion in detail of the thermal
conditions, and precipitation which are the fundamental factars
in agricultural production and finally the rest of the

climatic elements and zones.

Meteorological elements influencing climaté in El;Marj Plain: -

One of the major meteorological elements affecting
the structure of climate in El-Marj Plain is the fact that
maritime influence from the west is confined mainly to the
winfer months when the migration south of the major world

atmospheric conditions take place.

The Mediterranean Sea, consisting of a large area
of water extending into one of the main continental masseé,
has a major influence on the climate of £he adjacent land
areas. In winter the sea is warmer than the surrounding land,
especially in the north, and the Mediterranean is an area of
relatively low mean pressure between the sub-tropical high
.pressure system of the Atlantic and the winter high pressure
system of cold descending air which dominates Central Asia.

In summer, on the other hand, the sea is colder than the land
masses and a wide ridge of high mean pressure extends

eastwards over the Mediterranean from the Azores high.
Winter

In winter air is drawn into the eastern Mediterranean
from widely different sources; polar and arctic air froem

Europe, Russia and the North Atlantic, and Tropical air from
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the Sahara. As the colder air masses move south over the
warm Mediterranean they are, however, rapidly warmed and

moistened and they cause showers over Cyrenaica.

Most of the depressions of the Mediterranean area
develop in the.western part of the. Mediterranean basin and
subsequently move eastwards. Some enter the eastern
Mediterranean, but others pass to the north either over

eastern Europe or the Black Sea.

The distribution of the winds over the eastern
Mediterranean is not usually such as to bring the strongly
contrasting air masses into immediate juxtaposition, and
the only common type of frontal depression which develops
over the area.is the Ghibli depression which forms near the
north African coast and this will be discussed more fully

later in this chapter.

The paths by which the cold air masses enter the
area are greatly influenced by the position of the gaps in
the mountain barrier which bound the Mediterrénean to the
north. The preferred tracks of cold air entering the
eastern Mediterranean are eastwards from the western
Mediterranean, and southwards over the Aegean Sea and the
lower ground around Istanbul (vide Fig.15). The deflection
of air along this later track by the high ground of Anatolia
often results‘in the deepening of depressions in the region

of Cyprus. Along the coast of eastern Cyrenaica and Egypt

gales from between S.W. and N.W. are occasionally associated
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with a depression near Cyprus. Over Cyrenaica, showers in the
polar air behind a depression may be so frequent as to have
the appearance of continuous rain, and cloud may cover much of

the high ground.

In summer the .eastern Mediterranean lies between the
semi-permanent high pressure of the sub tropical Atlantic and
the seasonal low pressure over north-west India and Persia.
The area is not crossed by moving depressions as in winter
and winds are pérsistently northerly bringing warm continental
air from eastern Europe and southern Russia across the cooler

sea. The period is one of settled fine weather.

Temperature

Libya experiences extremely hot summers everywhere,
on the coast winters are.mild, and in some parts frost has never
been known. However, in northern Cyrenaica, the coastal plain
is Backed by the Jebel. There are two factors which cause
the climate of-the_Jebel ranges to differ from that of the
coastal plain: _distgnce from the sea and altitude.
The sea}s moderating influence decreases southwards and
temperature ranges increase. The effect of altitude is to

reduce temperatures, and in winter both factors combine to

* Records of ‘the period 1932-34 have been used where
considerations of daily readings have been necessary.
Although this is an unfortunate limitation the figures
covering this period are more reliable than later data
since full-time staff was employed at that time.
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Variations in températures from place to place
resulting from proximity to the sea énd altitude can be
illustrated by a comparison between Tulmeitha, Tocra and
Benghazi on the littoral and El-Marj some 18 kms. inland
and about 285 m. above sea~level. Table 1 shows that on
the coastal plain the annual mean temperature is 19.9°C
at Tulmeitha, 20.1%. at Tocra, and 19.8°C. at Benghazi,
while on the upper terrace the mean is 17.7°C. at El-

Marj and 18.4°C. at El-Abiar (290 m. above sea-level). On
the high Jebel it is 17.7°Cc. at Tacnis (424 m. above sea~level),
16.9°Cc. at Jardas El-Abid (653 m.) and 15.8°C. at Cyrene

(621 m.).

The orthordox relationship between relief and mean
averagé tempefature between El-Marj and Tulmeitha holds true
for seven months of the year from January to April and from
November to December. The differenceé between the two points
dare at a maximum in winter., It is probably the short distance
from the sea and low altitude which makes the differences of
the two stations rather lower than those figures of Jardas
El-Abid (Vide Fig.1l6). Table 1 shows that the main differences
between the mean temperatures of Tulmeitha on the coast and
Jardas El~Abid on the Jebel are during the months between
November and March. However, these differences are not so great
between El-Marj on the terrace and Jardas El-Abid with the

exception of January figures, where El-Marj has a mean of

10.5°C and Jardas El-~ Abid 8.5°C for that month. Table 2 gives
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the mean maximum of temperature and minimum for selected
stations. Table 1 in Appendix I gives detailed data for the
mean maximum and minimum of temperature in El-Marj for the

period of 1921 -~ Lo,

An. examination of theé* table indicates that the
mean monthly temperature of El~Marjis 2.0°C. lower than
figures of Tulmeitha during August. The figures indicate
that El-Marj is hotter in the summer'and colder in the winter
and indeed this fact applies to the whole of Libya where the
anmual mean of temperature varies between l7°C. and 23°C.
Superficially these mean figures indicate that the whole
of Libya has a temperate type of climate since the annual
mean maximum of temperature varies between 23°C. and 25°C.
on the littoral, and 2500. and 28°C. in the seﬁi—desert
regions whilst it is sometimes as high as 3060. in the
desert. However, as pointed out earlier, these means have

only limited significance and variations are very important.
Variation
Perhaps the most marked feature of thermal

conditions in the Libyan regime is the large daily range of

temperature at any given station.

Along the coastal plain, the daily range of
temperature is moderated by the cooling influence of the
Mediterranean during the day and the relative warmth of the

sea during the night, though as might be expected the daily
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range is higher on the Jebel and further inlandl
Mean daily ranges of temperature at the coastal plain
averaged between 7.000.2224Tiimeitha for a period of ten
years, 7.0°C. to 10.400. at Tocra for eleven year period,
and 8.5 to 10.4°C. at Benghazi for a period of thirty one
years.,

Table 3 shows that the highest méan daily range
on the Jebel at El-Marj averaged between 10.700. and 17.5°C.,
i.e. twice that of the coastal stations. The mean daily
range of temperature varies between 9.8 to 16500. at Tacnis,
to 7.0°C. to 15.0°C. at Jardas El-Abid (50 km. from the sea),
Hand 8.0 to 13.3°C. at Cyrene. An example of tremendous
diurnal range of temperature can be seen in the figures of
El-Marj for 1934. A range of 25.900. was recorded on April
22nd, 26.8°C. on July 16th, and 26.7°C. on August 10th. .
Figure No.l1l7 shows the mean daily range of temperature at
El-Marj for 1934. Table 2 in Appendix No.l gives detailed
data_for_the extreme maximum and minimum of temperature in
El-Marj for the period of 1921-1940. The mean monthly range
is lower dufing the winter when the differences between the

mean annual range and the mean monthly range never exceed

four degrees.

The range of temperature in Libya is a product of
the high temperature during the day rather than the low night

temperatures. A further influence in this respect is the

cloud cover in the winter months which tends to modify both

the day and night tehperatures by limiting insolation during




-83-

eAqQTT ‘TTodTal ‘e0TJI0 TEOTTOTOI0839| —:20anog
crot|z e [L:6 |n tT|8rot|9tot|T TT|T CT|C €CT|8 TT|6°6 |28 |0°8 auaI4p
0°'2T|T°8 |8°6 |0 gT|9 T|h #T|C HT|8 '%T|O"ST|9°CT|H TT|0'6 |0"L PTAV-Td" [
9°€T|2°0T|6°2T |9 HT |L " HT|2 ST|L HT|{S 9T|2°9T|6 " HT|2"€T|H 0T|8"6 sTuUSR[
T'€CT|8 0T|{C 2T |€ "HT|L ST H.mH g or|loT|HqT|T S¢T|82T|8 0T{9 0T IeTqv-Td|-
9 HT|€ TT|[9°'€CT|0'9T |9 9T m.WH LeST|S LT 9 9T|L 9T |T 4T|T TT|L 0T CxeW-T1d
6% o.w. 0°0T|L 0T |9°8 H.m m.w H'OT| % "TT|6°0T|H OT|0°6 |S°8 Hnmsmmvm
#'g |#'L |2'8 |6'8 |1°8 |0°L |2*L |0'6 |0 OT{H OT 68 0°8 |9°L exo0]
z'8 [2'8 |6°8 [6°8 [n"8 |0°L |C°L |L18 |L°8 [T°6 |2'8 |2°L |4°L | euaTeuTng
Tenuay | @ | N 0 s v| c| r w| v| = .ﬁ £ | worress:

*SUOT3®B3S pPO31O8Tes 3e eanjeraduis)] JO 9FUBI ATTED UBSK -:{ oTqe]

¢ aavd.




-84-

the day and acting as insulator during the night.

Januéry is the coldest month in Cyrenaica as can
be seen at El-Marj which has a mean of 10.5°C., Tocra 13.9OC.,
lh.OOC. at Tulmeitha, 9.5°C. at Tacnis and 8.500. at

Jardas El-Abid.

The warmest month is August and not July as occurs
in Tripolitania. During this month El-Marj has a mean of
23.800., while on the coastal plain the figures are 25.700;
at Tulmeitha and 25.8°C. at Tocra. Further inland it is

24.500. at Tacnis and 23.9°C. at Jardas El-Abid.

Summer temperature in El-Marj never reaches the
extremes of Tripolitania. Figure No.l6 indicates that the
record peak of 48°C. at El-Marj is still 10 degress below the

second established at El-Azizia in Tripolitania (Vide.table h).

El-Marj has a cold winter, the mean monthly minfmum
temperature being 5.1°C. The lowest recorded temperature
at El-Marj is —3.900. while the lowest figure in the whole of

Cyrenaica is -5.6°C. recorded at Cyrene..

However, on the coastal plain'it never freezes., The
mean monthly minimum of temperature during the coldest month
is 10.2°C. at Tulmeitha, 10.1°C. at Tocra and . 8.8°C. at

Benghazi.

The conditions are modified by the Ghibli which is

an exceedingly hot dry wind coming from the desert south

bringing high tempeature and considerable diurnal ranges to
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both the Jebel and the coastal plain. Appreciable damage to
crops may be caused by the high temperature and low relative
humidity associated with the onset of a Ghibli,especially
if it occurs at a critical stage in the growing season and is

of prolonged duration.

Whilst these extremes in temperature are almost of
negligible importance among people with a pastoral economy,
they have an immadiate impact upon the sedentary cultivation
especially in El-Marj Plain. The high day temperature and low
night femperature cause intense damage to the maturing wheat
and barley especially at the "milk" phase of their growth.
\

Likewise extreme variations in temperature during the flowering |

phase of the orchards can cause serious losses in quality of

fruits and olives, especially when the night temperature
nears freezing point. Nevertheless most fruit trees do better

on the Ente farms of El~Marj Plain than on the coastal plains

where temperatures are higher.

The differences in temperature between El-Marj and
the coastal plain bring about differences in the date of

ripening in each particular zone of agriculture. The cereals

and the leguminous plants ripen in El-Marj about twenty days
later than the same plant in the coastal plain. As far as

the ripening of fruits is concerned such as apricots, peaches,
plums, pears, apples, figs and also the grapes, almonds and

olives, there are differences which are still more conspicuous.
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Precipitation

Rainfall is the most limiting factor of climate
since dry-farming is pracdised in El-Marj Plain, and no

permanent streams exist for irrigation.

The rain bearing pressure systems affecting the
Cyrenaica1plateéu are generally those which originate in the
Aegean and eastern Mediterranean. Westerly and north
westerly windé bring an average annual rainfall of over
300 mm. for the whole plateau, 400 mm. over the central
portion and from 500-600 mm. in the extreme north (Vide
Fig.18). On the other hand, the coastal belt is less
fortunate, only a small portion having 200 mm. or more. The

rainfall drops off abruptly on all sides of the ‘Jebel.

It is worth noting the main characters of the Libyan
rainfall to illustrate the general system of rainfall in the
region concerned. The rainfall regimes are clearly related

to the relief of the country and to proximity to the sea.

The rainfall starts in autumn with a rapid increase
in December and January, and then decreases quickly in the
' successive months. The'peak of rainfall is in December and
January. The dry half of the yéar extends from May to

September, but the rainfall may start earlier in Septembér

especially on the Jebel Akhdar. The rainy half of the year

(October—March) receives between 90 to 95% of the total annual

|
|
|
and be prolonged until April, and sometimes even May,
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rainfall. The air masses vary in the quantity they .contain
from one year to another or every two or three successive
yvears. Libyan rainfall tends to vary more in intensity than
in frequency, revealing the fact that means have little

significance, as shown earlier.

Libyan rainfall is also characterised by the
'rareness of storms, for accoxding to Fantoli,(l) within 60
years of observation in Tripoli and Benghazi an average of

only 5 cases annually were recorded.¥*

Distribution:- On the coastal plain rainfall ranges from only

200 to 250 mm., and increaseé from south to north. At
Benghazi, rainfall amounts to 265.8 mm., and the general
aridity of this region is due mainly to the absence of any
considerable orographic element., Rainfall increases in the
extreme north of the coastal plain where it is 311.0 mm, at
Tocra, and 350.0 mm. at Tulmeitha, whilst rainfall exbeeding
300 mm. is found beyond the first escarpment from which point
on, it increases to 307 mm. at El;Abiar and to 484.7 mm. at

El-Marj (Vide Fig. 18). The highest rainfall is found on the

* Meteorological observation in El-Marj started in 1919, but
there are no available records for the first eight months
of 1920, and the first seven months, and the last two months
of 1941, nor for the period 1942 - November 1943 since the
country was a battlefield during the last World War.
Observations taken later than that date are not reliable
because of the shortage of qualified staff, consequently
the present study will refer only to the records of

1919 - 1941, and 1959 - 1960,
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northern part of the Jebel Akhdar in the vicinity of Messa
and Cyrene. This favoured sector, however, is of 1imited
extent, and to the south, south west, and south east, rainfall
declines sharply. Table 5 shows the mean monthly rainfall

at selected stations.

Of outstanding significance is the effect of altitude
and proximity to the sea in the comparison between Tulmeitha
and El—Marjl The latter has an annual averaée of 484.7 mm,
while it is only 250 mm. at Tulmeitha and 311 mm. at Tocra,
Bacur which is at an altitude of 285 m. above sea-level has an
average of 340.2 mm. The typical case of El-Marj Plain is
*llustrated by the profile from Tulmeitha and El-~Marj to Jardas
El-Abid (Vide Fig.19). The rainfall increases as far as El-
Marj due to altitude, and then declines despite increased
height in consequence of the great distance from the sea, where
in Jardas El-Abid GSQ kms. from the sea) the average is

324 .1 mm,

The different influence of the relief on the amount
of rainfall appears more evident in the two sections of the
Jebel:~ Tocra~El-Marj-Cyrene-Derna (Vide Fig.20), and Benghazi-
Jardas El-Abid-Tacnis~Timimi (Vide Fig.Zl).. In figure 20 we
notice the increase between Tocra and the first escarpment,
and between the latter and El-Marj. This is followed by a
decrease between El-Gharib and Gasr Libia, which may be

explained by the fact that El-Gharib is sheltered by the second
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A PROFILE OF RAINFALL IN RELATION TO RELIEF

BETWEEN TOCRA, CYRENE AND DERNA
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escarpment. Moving east the greater increase is shown at
Messa and then follows a decrease caused by the greater
coastal prominance of Ras El-Hamman and Ras Aamer»where the
winds pass thfough to El-Beida and Cyrene. The decrease is
more frequent after Labraq, because the.region east of Ras
Aamer is under the influence of the rain shadow—-effect up to

Derna and the Gulf of Bomba.

A profile runﬁing west—~east, south of the area
represented in Figure 20; also illustrates the significance
of the relation between rainfall and relief (Vide Fig.21).
There is a 'decrease of rainfall on the escarpment at Benina
(226.4 mm.) then an increase due to high altitude at El-Abiar
(307 mm.), and Jardas El-Abid (324.1 mm) where the major
Aistance from the sea is compensated for by altitude. The
rainfall decreases east of Jardas El-Abid because of the lower
altitude between Tacnis (306 mm.) add Marawa (265.5 mm. )
which are sheltered by the marginal altitude of the second
escarpment. Then the quantity increases because of the higher
altitude (reaching 796 m. above sea-level) and exposure to
the winds of the northwest, followed by successive decreases
because of the lower altitude, until the sea-~level at

Timimi (74.6 mm.).

The highest amount of rainfall is concentrated,
therefore,; in the central section of the Jebel and then

decreases gradually in all directions except towards the west.
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El-Marj Plain has the highest quantity of rainfall after the
central section, which may be explained by the fact that
El-Marj Plain and the north western flanks of the Jebel are
exposed to rain bearing winds, while the eastern part of the
Jebel is in the rain shadow. This is obvious if we compare
El~-Marj (484.7 mm.) with Martuba (139 mm.) in the east which
although at the same distance from the central Jebel, have
much of different rainfall amounts. El-Marj Plain has a
favoured position for receiving a considerable quantity of
rainfall., Its orientation ENE-SWS is an important factor for
receiving abundant raiﬁfall compafed to other sections of
horthern Cyrenaica. Sidi Rahuma, and El-Marj itself, have
from 450 - 480 mm. which quickly'diminishes both northwards
on the edge of the first escarpment and towards the basin of
El-Abjar. In this direction there is a successive decline
from 400 mm. at Mletania and Bu Mariam, and in the inner
strip east of Mletania to between 300 ~ 320 mm. at Sidi

Mahius, El-Abiar and El-~Regima.

The disoheyets for.El—Marj are shown in Figure 22,
The isoﬁeyet 400 mm. includes farzugha, Sidi Bu Zeid, Sleaia,
Sidi Dakhil, El-Aweliya, Dandakh, and Batta. Whilst higher
Precipitation in the plain between 470 and 480 mm. is
concentrated in the area between El-Marj itself and El-Aweliya.
The geographical position of the plain, - exposure to rain
bearing winds, and the temporary lake of El-Ghariq seem to

contribute to the increase of the amount of local rainfall.(z)




Figure 22
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Examination of the monthly rainfall pattern shows that
precipitation is greatest between October and March. There
is some rain occasionally in the last fifteen days of
ASeptember, and April and in May. During the three months of
June, July and August there is practically total drought.
The heaviest rainfall occurs in winter with a single peak in
December and January. Table 6 gives the frequency of rainy

days at selected stations through time.

‘The table indicates for El-Marj a total number
of rain days of 74.4 of which 65,2 days are in the wet
season and 9.2-days in the dry season. As a percentage it
is 87.‘% for the period October to March; and 12.#% for

April to September.

' The total annual average of 484.7 mm. at El-Marj
is distributed through the rainy months as follows: 20.3%
for October-November, 54 .5% for ﬁécember—Janﬁary, and 28.2%
for February-March. This indicates that 94.5% of the total
rainfall is in the wet half of the year (Oétober—March), |
and 5.5% in the.dry half (April-September). The
precipitatién occurs in torrential rains washing away the

soil surface, and forming a serious problem of soil erosion,

The fluviometric gradient of rainfall between

Tulmeitha and El-Marj for 19 years of obsérvation is 48 mm.
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for every 100 m. of altitude as shown in the table below.

TABLE 7

Table 7:~ Pluviometric gradient at selected stations.

Altitude Rainfall| Pluviometric

Zone Station above sea~ | Annual gradient each

level in m.| average* | 100 m.altitude
: rainfall in mm.

Western

Altipiano | El-Marj 285 Loz ) 8
Maritime Tulmeitha 5 351 )
Western

Altipiano | Bacur 285 347 ) 12
Maritime Tocra 13 312 )

Source:~ "Fantoli, A. Le Pioggie della Libia",

* The annual average in the table concerns a single
station, and not the whole region.

The gradient between Tocra and Bacur is about 12 mm,
for every 100 m., While between Apollonia and Cyrene is 25 mm, |
every 100 m, The figure of El-~-Marj seems too high in
comparison with those stations., An explanation of this may be
that the distance between Apollania and Cyrene is only 10 kms.
in a straight liﬁe, while it is 18 kms. between Tulmeitha and
El-Marj. Cyrene is situated on the second escarpment and
exposed to the rain bearing winds, while El-Marj is placed in
a vast basin surrounded to the north by the first escarpment
which rises to 40 -~ 50 m. above the Plain. To the south the

Plain is dominated by Jebel El~Abid which rises to 168 m.
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above the Plain, and situated only 5 kilometers from El-

Marj.

The annual rainfall, however, varies from year to
yea, from place to place and even from month to month, more
than for example in the‘central Jebel, For instance, El-Marj
received a total of 773.3 mm. in 1929, and 561.5 mm. in 1961,
while only 280.3 mm. had fallen in 1933 and 251.7 mm. in 1960,
Figure No.23 illustrates the fluctuation of rainfall in two
different years, one characterised by abundant rainfall (1929)
and another less (1933). According to Micheli(B); Zorda, which
is only about four kilometers from El-Marj, may experience
70 mm. less rain than in El-Marj itself. El-Aweliya which is
12 kms. from El-Marj received 669.9 mm. in 1961 whereas El-
Marj received 561.5 mm. in the same year¥ Table 3, in Appendix

I gives detailed data for the total monthly and annual rainfall

and average rainy days in El-Marj (1920 - 40).

* Unfortunately it is impossible to analyse rainfall figures
in the local stations in El-Marj Plain, such as in El-
Aweliya, Hopps farm, Zorda, Cerasola farm and Rarzugha,
since the records are not available for longerxr periods;
and the figures are not complete for some months in the
period of observation during the Italian occupation,
and they have not recovered since the Italians left.
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The intensity of variability of rainfall is given
in the following table for the maximum and minimum observed

in El- Marj in the period of 1921 - 1941,

TABLE 8.

Intenéity of variability of rainfall in El-Marj in mm.

o) N D J F M
Maximum 131.0 190.4 2421 240.9 255.4 214.0
Minimum 0.0 0.0 23.8 37.7 19.6 0.6

The annual average of the wvariability intensity for

El-Marj for a different period can be calculated as shown

below: -
Period Five years period Ten years period General avefage_
for 20 years
1921-25 ¥93.2 ) 547.8 )
1926-30 602.7 )
1931-35 385.3 g 434.0 ; 490.9
1936-40 482.8

The first five years periéd (1921—25) indicates to
a regular average, while an increase is noted in the
successive period (1926-30). The third period is characterised
by a decrease in rainfall, while an incfease occurs in the
fourth period (1936—40) and is about the same annual average.

Fantoli calculated the pluviometric coefficient* in

* The pluviometric coefficient for any month is arrived at by
expressing the mean monthly rainfall total for a given
station as a ratio of the hypothetical amount equivalent to
each montht's rainfall were the total rainfall for that
station to be equally distributed throughout the year.
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different climatic zones of Libya to define the specific
character of each rainy month., The following table gives

the pluviometric coefficient in the western Jebel Akhdar:-

TABLE 9

The Pluviometric Coefficient in three stations
according to their climatic zones

0 N D J F M
Maritime zone
Tulmeitha 0.39 0.74 1.71 1.69 1.12 0.33
Steppe zone
Tacnis 0.32 0.72 1.38 1.64 1.38 0.57
Altipiano zone
El-Marj 0.46 0.75 1.52 1.51 1.23 0.54

Droughts: Some sections of Libya usually suffer from drought
every year, and evay few years general droughts covering large
‘areas occur. At El-Marj in any year there is an average of
four to five rainless periods and more than fifteen days

without rain may Be expected in each period.

It is a factor of significant importance that the
intense variability of an insufficient rain has been, and will
be, a tremendous retarding element in agricultural development
and stabilisation which are complementary in Libya, each
absorbing an equal share of the national capital resources,

However, droughts may be distinguished as follows:-

1. A noticeable seasonal fluctuation with displacement of the
relative maximum.

2. Local excessive drought prolonged fron one period to another.

. 3. Diminishing of the quantity to a half, or third, of the
seasonal average.
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4. Complete drought with regional or general characteristics,
extending from 2 - 3 successive years.

The decrease of rainfall to a half or third of the
ordinary average is a risk to the growth of crops, whilst
the total absence of rainfall during the agricultural year is

a calamity to the economy of the country.

; (%)

Fantoli in his study collected evidence for
Benghazi from the late nineteenth century and 40 years of the
twentieth century in which only 50.9% (of 55 cases) of the

crop varied from fairly good to ecellent, and h9.l% from a

complete failure to a poor crop.

However, the conditions on El-Marj Plain, and on the
Jebel as a whole, are more favourable than on the Benghazi
plain. At El-Marj, for a period of 40 years of observations,
one year in five had a sufficiently high incidence of rainless
periods sufficient to give drought conditions. Libya as a
whole has suffered general droughts in the years 1915-17,
and 1946-48. 1In Cyrenaica the years of droughts were
1926-27, 1929-32, and 1955-60. Table 10 gives the monthly
amount of rainfall in El-Marj, El-Aweliya and Tulmeitha

for the year 1960 as a drought year, and 1961 as a good year.

The years 1955-60 were poor 'in:' rainfall and crops
and animals suffered accordingly, details of which will be

discussed in the section on agriculture.
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TABLE 10
Table 10:—~ Mean monthly at El-Marj,l-Aweliva and Tulmeitha
for 1959, 1960, 1961.
J F M A MJJAS 0 N D Annual
— Total
El-Marj
11959
Monthly )
mean 1124.0 35.5 20.9 1.5 - = - = = 14,7 27.8 64, - 288.4
" Rainy 17 9 5 2 - - - - - 6 6 12 57
days
1960
Monthly
mean 59.5 9.5 16 2.5 - = - - -~ - 37 . 127.2251.7
" Rainy
days 10 5 2 T - 5 9 33
1961 '
Mon.Mean |112 245.5 12 - = - = = - 39.5 - -152.5 561.5
" Rainy :
(- days 11 14 3 T T T 7 - 14 ho
Aweliya
1959
Mon.mean |132 32.0 4.5 1.2 = = = = = 13 15 61 258.7
" Rainy
days 13 5 2 1 - - - - = L 2 8 35
1960
Mon.mean 66 4L 18 L - - - - - - 79.3 88.3 259.6
" Rainy
days 10 2 [/ 2 - - - - - - 5 6 29
1961 ) '
Mon.mean 71 495.5 19 - = - - - - 21.4 5.9 57.1 669.9
* Rainy .
days 9 16 4 - = = - = - 7 3 22 61
Tulmeitha
1959 '
Mon.mean | 28.5 74.6 15 8.5 - - - - - 19 8 81 234.6
" Rainy
days 5 10 5 b - - - - - 2 2 11 39
1960 : ,
Mon.mean | 57 9.5 16.5 - -~ - — — =~ - 36.5 124 243.5
" Rainy -
days 14 5 9 - - = = - - - 7 10 Ly
1961 -
Mon.mean 76 205.5 20 - e .- - 24 - 88 413.5 |
" Rainy S
days 17 21 7 . 7 - 18 70

- "Source:- Meteorological Office, Tripoli, Libya.
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Aridity Index:- It is obvious that the wvariability of

rainfall is- one of the major causative forces behind the
aridity of Cyrenaica. From those figures aailable,
significant daily, seasonal and regional variation may be
observed. The irregular distribution of frequent torrential
rains and the summer droughts make it necessary to formulate
an aridity index on which can be based the estimation of ground
water reserves and the economic study of irrigation supplies.
Ahlman(5) was the first to find the annual aridity index for
some stations in Libya on the De Martonne formula.¥* He finds
that the aridity index in the "exoreic" Cyrene area is 25

but includes in this class, Derna, with its aridity index of
11, taking into consideration the run-off towards the sea.
Then in the "endoreic" regions El-Marj has an aridity dindex *¥%
of 14, where the karstic formations complicate the picture of
run-off water flow, In the "areic" humid regions, Benghazi is
9.2. Finally in the semi-"areic" regions;ElRegima. has an

aridity index of 8. However, Fantolit!s work which is probably

¥ The de Martonne index merely divides two important
antagonistic climatic factors: rainfall by temperature.

i = P (mm. and 0C)
..t + 10
P = average annual rain-
fall in mm.
t = average annual temperature in °c

For an area such as that under examination this index is a
sufficient approximation given the nature and deficiencies of
meteorological data.

** Exoreism (+20): constant water flow ‘to the sea.
Endoreism (10-20): Intermittent water flow to the sea.
Areism (-5): there is no water flow to the sea.
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more reliable since it is based on a longer period of
observation, gives the following indices: Cyrene 22.6, El-

Marj 17.5, Derna 10.3, Benghazi 8.8 and El-Regima 8.

The monthly aridity index is important since in the
Mediterranean climate the dry season coincides with the season
of high temperature. El-Marj for example which has an annual
index of aridity 17.5, has for the three months June, July and
August an index below one whilst thé six months from April to
September have an index always less than 7 (average 1.8) as
shown in Table 11. Figure 23 also illustrates the relationship

between rainfall and the aridity index in El-Marj.

It should be noted that the ground water supply for
the vegetation depends mainly upon the aridity of the previous
winter season. The winter mean aridity index for El-Marj is
38, Tulmeitha 24.8 and Cyrene 50.&.(6)

TABLE 11

Monthly Aridity Index for El-Marj

Station J F M A M J J A S a N D Ann.
El-Marj 71.2 49.2 20.8 6.4 2. 4 0.4 0.0 0.3 1.4 13.9 27.5 62.4/17.5

Accofding to Pioger,(7) the aridity boundary of index 10 for
the winter season seems to follow rather clearly the general
borderline of shiffing cultivation of cereal crops, and the
boundary line of the growing of olive trees is located

somewhere between the annual index of 10 and 15 except in the

case of the wadi beds or where ground water is at shallow depths.
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The index . curve 20 delimits the region most favourable for the
dry farming af cereals and for reafforestation. El-Marj is
- simwated on the boundary of this curve.

History of Climate: -

Before concluding this section we may ask, has there
been any change in the climate of Libya in the historical
times? It does not seem that there is any change in the
climate regarding the quantity of rainfall. The general
geographical similarity of the classical and present conditions
is shown by the establishment of the cistern, acqueducts, and
utilization of springs by Greek and Romans, and direct evidence
confirms the historical records. In Roman times the chief
settlements were all around the existing wells, springs and
the areas of favourable rainfall.(s) According to Professor
Fisher, the weight of the geographical evidence would suggest
broadly unchanged nature in the Libyan climate during the last

two or three millennia.(9)

Relation of Rainfall to Agriculture:-

Having discussed the rainfall as a meteorological
phenomenon it is convenient to relate it to the agricultural

activity in the region of study.

The early autumn rains, if they come too soon, may
do some harm since it often happens that after such rains there
will be a long period with fine weather and hot days. If the
animals have got used to the green grass, and -it dries up,

they will disdain to eat the remnants of the dry grasses from
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the previous year. If the farmer has sown his seeds
prematurely some damage may result despite the fact that
young seedlings have a considerable resistance to the drought.
Spring rainfall is of greatest importance for the harvésting
of crops particularly when young crop-plants are_already
adversely affected by weather conditions. Fortunately spring

rainfall comes very often in El-Marj Plain.

The distribution of rainfall is as important as the
total amount. Rains after which there is a long period of dry
weather are of@@Pubtful use, as also are small amounts of rain
because of the slow infiltration of water into the hard soil

of El-Marj Plain.

Thus in order to undertake agricultural
develobment it is essential to investigate, in considerable
detail, not only the guantity but the character of the

rainfall in the particular district.

The region between El-Abiar and Ain ﬁara, including
El-Marj Plain, represents the only area of fair potential
for agricultural development, however, adjacent areas with
less than 300 mm. per year are suitable for pasture and

shifting agriculture.

Relative Humidity:-

Adequate readings of relative humidity are not
available. From those figures which are available,
significant daily, seasonal, and regional variations may be

observed.
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The mean monthly values for a 17 year period
shoew a tendency for El-Marj to have a high mean ‘in the winter

months during the wet season.

On the coastal plain, the highest humidity is
during June, July and August, because of the prevalence of
sea winds blowing, and the high rate of evaporation as the
temperaturé increases. The table below shows the relative
humidity at selected stations.

TABLE 12

Table 12:- Monthly relative humidity at selected
stations

Station J F M A M J J A 'S 0 N D|Ann.
’ : Mean,

El-Marj 741 70| 60| 521 45| 44| 50 53 51 55 63 71 57
El-Abiar | 72| 71| 65| 48| 44| 4o | 46| 49| 56| 57| 63| 75| 57
J.E1-Abid]| 54| 54| 66} 60) 45| 45| 49| 51} 50 56 68 77] 56
Tacnis 72| 68| 58| 541 49| 43| 54| 54| 54 57| 61| 69| 58
Cyrene 75| 7u] 68| 61] 51| w8 57| 64| 64| 6ul 7o| 74| 6u
Tulmeithal 64| 61| 61| 62| 62| 66| 67| 64| 63| 59| 60| 66| 63
Tocra 68| 64| 62| 60| 65| 691 69| 69| 66| 60| 57| 66| 65

Source:- Meteorological Office, Tripoli,Libya.

Tocra shows a higher percentage of relative
humidity than Tulmeitha since the former is exposed to the
sea winds from ﬁorth—west and south. The mean monthly

Relative Humidity is less than 62.8% for the winter months;
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At El-Marj the mean monthly Relative Humidity is well above

65% in the winter months while it is only about Lid in the
summer. The same applies to the stations on the Jebel in the
winter months. Jardas El-Abidhas Relative Humidity 60.8%,

Tacnis 64% and El-Abiar 67%.

The Jebel stations during the summer have an average

of 50% at Jardas, 62% at Tacnis, and 43.8 at El-Abiar.

The Jebel seems more pleasant in the summer than the
coastal plain, whe}e conditions are most debilitating and

inhospitable.

It is interesting to note in El-Marj Plain, and
especially>on the coastal plain that the lowest humidity occurs-
during the periodé of strong Ghibli winds, when tlie relative
humidity is practically nil. In El-Marj Plain, on 24th and
25th April, 1934 the relative humidity was 6% while on the
next day it had risen to 57%. In Tﬁlmeitha at the same date
it was 5% and 6% respectively and had risen to 59% on 26th
April.

The atmospheric humidity has an important influence
in El~Marj Plain for drying frmits, especially grapes, where

the summer humidity is lower than on the coastal plain and

Cyrene.
Winds

The most frequent winds are those from the north
west and from the east. The moisture laden winds from the

Mediterranean Sea unquestionably contribute to the ability of
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the region to suppoft the level of vegetation found there.
Table 13 gives the frequency of winds and the percentage,
-blowing from all directions, for 1934.
The western and north westerly winds are the most
‘ frequent winds in El-Marj during the year, whilst the south
westerly ﬁinds occur mostly in winter and the north westerly
in spring.

TABLE 13

Table 13:- Frequency of winds from all directions
at El-Marj 1934.

Month N | ne| E| sE| s |.-sw|. w| NW|. calm
January 2 1 4 12 2 28 34 10 -
February 5 13 6 10 17 17 -
March 4 7 5 16 4 34 16 L 3
April b | 12 3] 13 7 5 | 15 | 12 9
May , 9 22 7 10 4 3 19 12 7
June 13 15 3 5 2 7 20 17 8
July 12 5 1 - - - 26 35 14
August 13 L - - - 1 12 51 12
September| 16 11 2 1 - 1 13 31 15
October 12 13 3 10 5 9 10 17 14
November 6 8 5 17 8 10 9 10 17
December 1 3 - 1 | 19| 33 ] 23 9 I
Total 109 |13i0 38 98 |. 57 | 141 |21k 225 [103
Percent. |. 10 | 10 3 9 51 13| 20 | 21 9

Source:- Bollettino Meteorologico delle Colonie

Itallane, Anno 1934.
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On the coastal plain, the north easterlywinds
predominate especially during summer, autumn and spring;while
the southern winds occﬁr frequently in winter, spring and
autumn as shown in the Table No.lh.

Table 14

Table lU4:- Percentage of frequency of winds from all
directions in Tulmeitha, Tocra and Tacnis,

in 1934.
Station N | NE E SE| S sw| w| NW| caim
Tulmeitha | 15 2 5 5 | 15 6 |15 15| -
Técra i 23 2 | 10 4y |12 {10} 15| 17
Tacnis 19 8 1] .4 22 5 14 24 3

‘SourceL- Boll. Metor. delle, col.Italiano,
. Anno 193k,

"El-Marj, Tulmeitha and Tocra are moré or less
protected from the southern winds because of their geographical
position. Tacnis is more exposed to the southern winds which
predomihate during seasons of autumn, winter and spring
(Vidg Fig.23).

The important wind from the standpoint of its effect
on vegetation, is the hot and extremely dry Ghibli. In
itself, it is invgriably a depression wind. During the spring
months the Ghibli is associated with low pressure systems
from the Atlantic moving approximately parallel to north
Afripan coast, though in late spring and summer it is likely

that the Ghibili is the result of cyclonic conditions which
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have developed over the western Sahara,

The advent of a Ghibli is difficult to forecast
since it develops frequently when there are no obvious
meteorological conditions discernible from synoptic charts.
The end of a Ghibli comes as quickly as the beginning with
cooler air biowing from the sea. Unforfunately there are no

detailed records available of this wind in El-Marj Plain.

The Ghibli winds on El-Marj Plain have not such
disastrous influences as on the coastal plain where they dry
up the soils on the surface. The increase of temperature
is less in El-Marj Plain, and the soils are in any case more
humid in the spring owing to the abundant rainfall in the
winhter. The exceptional case was in 1950-51 when the whole
wheat crop was damaged by the Ghibli. Tree crops suffer less
from the Ghibli because of their hard leaves and the fact that
the roots are only a 1ittlé expdsed on the surface. The olive
trees suffer most if the Ghibli comes in autumn in the period
of ripening as also do the peaches, plums, apricots, figs
and pears.

Finally, the winds which blow oﬁ the areas adjacent
to the sea winds carry salt which limits the types of
cultivated crops that can be grown. This is the case in the
area bet&een Rdanu and Tulmeitha.

Dew

As a consequence of relative low temperatures

during the night, the condensation of water vapour is high.
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Dew forms mostly in the spring when there are the highest

differences in day and night temperatures.

Dew is beneficial to the forage plants. It is also
of importance to livestock breeding. It is known that during
the period when there is much dew in ‘the morning, it is not
advisable to send the animals to the pastures before nine or
ten a.m. since large quantities of very humid grass might

~affect them adversely. In the experimental centre of Zorda
and El-Marj, it is possible to see that during the days when
there is a strong dew formation, the soil of forage fields
remains humid until three or four o?clock.in the afternoon.

It is common on El-Marj Plain to see during autumn,
winter and spring quite dense mists even during the day,
although on the coastal plain this phenomenon is rare, and

occurs, if at all, only during the early hours of the morning.

Mist formation lasts long in El-Marj Plain, and in
the small wadis which sometimes interrupt the hills, and in
spring is generally harmful to farming especially during the
period of blossoming. The harmful effects partly result
from later sunscorch but mainly come from virus and fungal
infections in high humidity plant level micro-climates. The
olive is often severely affected in mist hollows.

Frost
Damage caused by frost is greater in El-Marj Plain

than the coastal plain since the temperatures during the night
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may fall below zero. The highest incidence of frosts,

probably falls in January.

Other meteorological phenomena are hail and snow,
the former coming frequently in winter during the period when
vegetation is at rest, but it may damage almond trees during
the early blossoming period of spring.

Snow, however, is a sort of curiosity on the Jebel, and it is
of no interest to agriculture. During the winters of 1933-34
and 1960-~61 there came quite an intense snow fall where in

some places on the Jebel it exceeded 50 cm.

Climatic Zones

In 1952, Fantoli(lo) divided Cyrenaica into what he
termed the climatic zones with respect to the geomorphological

regions as follows:-

(l) Maritime Zone: This zone comprises the areas adjacent

to the sea and never exceeds five kilometres further inland.
It extends from Zuetina (south of Benghazi) to the Gulf of

Bomba (Vide Fig. 2k).

(2) Littoral Steppe Zone: This includes the eastern edge of
the .Jebel Akhdar between Wadi ﬁerné and Umnm—Rzem, and
Benghazi plain between the squthern boundary éf Cyrenaica
proper and Tocra where the Jebel descends to the littoral.

The coastal plain is slightly drier than the moisture zomne,

(3) The Altipiano (Mountain) Zone: This zone consists of the

Jebel Akhdar and_threé sub—zones : — A. The eastern Jebel
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sub-zone and includes El~Fatayah Plain (12 kms. south-east of
Derna) between Wadi Derna at the west and the Gulf of Bomba
at the east, and Wadi El-Maallegh in the south.

B. Central sub-zone comprising El-Uasita between Ras
Tulmeitha and promontory of Ras El—ﬁilal, and also the area
between Wadi Derna in the east and El- Gharib-in the west,

It includes also the area betwoen Khawlan (46 Kms south west.
of Derna) and Marawa extending for about 60 kms. This stdp
_is not well-defined and in fact is a transition zone between the
Altipiano zone and continental steppe zone. C. The western
sub~zone consisting of Dahr El-Ahmer iocLuding El-Marj Plain

and Jebel El-Abid between Wadi (El-Gattara and El-Gharib).

Broadly speaking this zone includes the areas
between the first escarpment and the main watershed and it is
part, particularly,'of the Mediterranean sub-humid sub-
zone, Excluding the strip between Marawa and Khawlan, and
the sub-zone between Derna and the Gulf of Bomba, it is the
real forest area.

(h)IContinental Steppe Zone: This includes the southern

: : h
slopes of the Jebel Akhdar, El-Gisha and Es-Serual. It also
#,

comprises the area betweenWaliFl-Gattara and Antelat.

(5) Semi~Desert Climatic Zone: Or the Italian "pre-~desert"

zone which includes the région of Balte where the wadis from

the Jebel descending southwards flow,

(6) Desert Climatic Zone: This includes the whole of the rest

of Cyrenaica.



=113~

CONCLUSTION:

To sum up, rainfall is the fundamental factor in El-~
Marj Plain since dry-farming is praétised there, and there
are no means of,irrigatioﬁ, except in the coastal plain.
As has already been pointed out, rainfall is erratic both
"in quantity and distribution. Since agriculture and
livestock represent the backbone of El-Marj Plain, it would
be of great value for any development to establish
meteorological observation stations all over the plain
provided with qualified staff to make possible detailed study
of rainfall and other meteorological elements., Libvya,

at present, has the capital to provide such necessities.

The critical nature of most of the climatic
characteristics in relation to sedentary land use from
cﬁltivation to potable water—suéply is obvious, With this
in mind it is easier to understand the historical
variations (Chapter VII), the peculiar characteristics of
Italian development attempts (.p.189) and the problems

now facing the state of Libya.
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CHAPTER IV

Vegetation

The vegetation cover in Cyrenaica is determined by
climate, soils, and the topography of the region. As pointed
out most of Cyrenaica is dominated by desert climate
conditions, except for northern Cyrenaicavwhich enjoys a
more humid climate especially in the Jebel Akhdar where the
Mediterranean climate predominates. Consequently, the floral
life on the Jebel Akhdar, (or "Green Mountain" in English)
is related more to the Maghreb and southern Europe than to
the rest of. Libya. Topograph& and soils are also important
factors in vegetation distribution between and even within
zones. Despite the fact that Terra Rossa soil is
characterised by certain associations, as will be shown later,
in general the vegetation types may be divided according to
the physiographic regions:- the coastal pléin (The Sahel

between Tocra and Tulmeitha) and the Jebel (Vide Fig.25).

The Coastal Plain:-

The coastal plain between Tocra and Tulmeitha
receives rather higher rainfall (300—350 mm) than the
southern part of the plain as pointed out in the chapter on
climate. This area is of semi-arid Mediterranean climate
and is considered to be the richest part of the whole of
the Libyan coastal plain in shrubs and herbaceous vegetation.
In the sebkhas along the littoral south of Tocra there are
halophilous plants, whilst east of Tulmeitha where the first

escarpment approaches the sea, vegetation is denser.
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However, the forest between Tocra, Tulmeitha and

eastwards is tall, consisting mostly of Rhus oxycantas .-

and Pistacia lentiscus (Vide fig. 26). There is also some

tamarisk and carob with rare specimens of Spiny broom

(Colycotonie spinorsa), common fig (Ficus carica), and wild

common olive (Olea oleaster). This thin forest is spread
over an area of 20,000 hectares. Rhus and lentisk, the former

a characteristic pale green and the latter a darker green, are
merely large bushes that are cropped by livestock. Moreover,
the forest has been depleted by intensive production of
charcoal. The run-off from the first escarpment and the upper
terrace have dug deep gullies as far as the sea, and both wind
and water erosion have contributed to the degradation of the

soil and denudation of tree roots.
The Jebel:-

As far as distribution of vegetation is concerned,
one must distinguish between the upper terrace and the high
Jebel because of variation in precipitation and the topography"
of the region.

The area between El-Marj and El-Abiar is semi-~arid
and rainfall ranges between 200 and 350 mm. In this part of
the upper terrace, the vegetation is comﬁrised of plants found
in Mediterranean bush and moor lands, typical of which are

lotus (Zizyphus lotus), Poterium spinosum, Cistus salvipolius,

PHorius florcosa, Thymelaca hiréuta, and Thymus capitatus.

P. spinosum is a tiny thorny; many-branched shrub found

throughout Cyrenaica. It grows in thin soil on rocky terrain
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and is usually the sign of age-old degradation of land.

This plant has even been found along the littoral but no
sizable growth exists except beyond the first escarpment.
Its utility for local people is limited to fire-wood and

fodder for camels. P. floccosa is also widely distributed

in all soils and zones, and more peculiarly to the littoral
and the Jebel region. Cistus and Thymus are considerably
degraded, due to overgrazing by local tribes, and could do

with improvement.

Further north, and to the west of El-Abiar, and
5 kms. west of El-Marj and its surroundings, the whole of
the upper terrace and the crest of the first escarpment are
occupied by Méditerranean "maquis". The dominant tree is

Juniperus Phoenicea which.is typical of Terra Rossa soil.

It is estimated that the Juniper covers an area of 50,526 ha.

(2)

in El-Marj Plain and the surrounding areas. The Jjuniper
"is the most widéspread tree in the whole of northern Cyrenaica
and the only tree extending to the southern edge of the

forest region. It represents 43,29% of the total forest
species and occupies 200,000 hectares in northern Cyrenaica.
It is generally found in mixed stands with other spgcies,
mainly lentisk and arbufus, but grows alone iﬁ pure stands
on,the southern limit of the forest. According to Keithsj)

juniper was endemic through Libya, but now is confined only

to northern Cyrenaica.

Juniper groﬁth is very slow and it is estimated
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that the average annual growth in the Jebel Akhdar is

1.420 m° per hectare.

The following table gives the annual

growth and density of juniper and the other species of the

forest in the Jebel Akhdar.

TABLE 15 - The Density and annual growth of the forest

species in the Jebel Akhdar

Size of | ‘Area in Annual Total Total annual|Total armual

forest hectare growth of | annual | |growth of |growth of

Density ' juniper growth ofother all speciesg
: per hectare juniger- Specges of the

inm inm "lin m forest

13.7% of :

the forest| 73,333 1.982 43,364 L) .918 88,282

high '

density

27% of the

forest 144,666 1.375 198.915 62.062 260,977

medium

density

59.3%. of 3

the farest| 317,001 0.904 196.168 61.131 257,299

low :

density

Source:- Forestry Department Annual Report 1962 - 63 Benghazi.

It is estimated also that the annual increment is O.4 m

heetare for R. oxyacantha and P. Lentiscus.

3

per

- Juniper yields an excellent hardwood which is used

for fuel either in its natural state or in the form of

charcoal,

Where no other

lumber is available

it is

even used

for light carpentry work in the roofs of the old-fashoned

houses and in fences.

The height of the Jjuniper tree varies
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between 2 and 12 metres. It can be differentiated from the

Pinus halepensis by the many branches at the trunk, near to

the grouhd; ‘The juniper is an important factor in soil
preservation.

The other abundant shrub tree in the El-Marj-El-

Abiar area is Pistacia lentiscus. It is widespread. over the

Jebel Akhdar. Its fruits produce oil similar to olive oil,
but not exploited in Libya for commercial uses. Its leaves
¢ontain 28% tans (pyrogallol)which is used locally for tanning.
Lentiscus represents the permanent pasture in autumn and
winter and in the years of droughts. Lentiscus, however,
suffers heavily from grazing since goats eat its leaves, small
branches and terminal shoots. This plant gréws in the form of
a large bush but, despite its vigour, it is not suitable for

forest stock, although excellent for charcoal.

The third species of the "maquis" is Arbutus pavarii.

It needs deep soil with a high humidity content and ﬁsually
colonises the northern slopes which are less exposed to the
sun, and so it preserves soil humidity for a long period
during the year. Arbutus is common throughout the region, but
never grows in pure stands. It can be found with Jjuniper,
lentisk, carob or wild olive, and fruit similar to roseberry,
whilst its hard pink wood is used for fuel or for the

production of charcoal.

The zone between El-Marj and Tulmetha has an average

rainfall between 350-400 mm., Pistacia lentiscus predominates

. - - e
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on the more humid slopes, and the permeable limestoné of the

Eocene with a well-developed soil (with a hygroscopic top soil).

To the east of El-Marj with the increase of rainfall
to 400 mm. and deep red soil rich in clay (more than 50%),
especially'in the wadis or depressions which have not been
cleared, a typical "maquis" represented by pure stands of
P.Lentiscus is found. It is degraded by overgrazing since it
surrounds the cultivated area in the north east of El-Marj
Plain.

Further to the east and around Wadi El-Laulab
Juniper and A.pavarii are also dominant, whilst in the more
humid areas in the extreme north east of El-Marj Plain and
in the wadi bed in the same general area, there are guercus

coccifera, Ceratonia siliqua, Olea aleaster (wild oiive) and

Laurus nobilis. The first two species are found in the wadis

of El-Laulab, Shaaba and Zaza, while the wild olive is found
scattered among the forest and concentrated in large numbers
in El-Gharib area. L. nobilis is rather rare. Pinus

halepensis is rare in El-Marj Plain and the surrounding areas.

However, it is native in n uinerous places on the northern rocky

slopes of the first escarpment near the sea.

In the zone between the second escarpment and Jardas
El-Abid including Tacnis, and extending to El-Bayada and Marawa,
the soils are calcareous on- dry slopes with an outcrop of
p?rent rock and hill t0ps,producing an association of Jjuniper

and A.,pavarii. The juniper seems to have reached a climax
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stage in this area. This association cover more than 75% of

the forest zone. The P. lentiscus is also found.

The southern 1limit of the jiniper is about five
kilometres south of Tacnis. This indicates increasingly arid
climatic conditions. To the south west the forest extends as
far as eight kilometres south of Jardas El-Abid (Vide Fig.26).
Its range is rather limited and it grows in"isolatéd clumps in
fhe midst of the brush wood and especially in wadi Sonob_ar

south of Batta. Its wood is used for both fuel and lumber.

The following tables give the area of the important
species of the natural forest in northern Cyrenaica, and
in Mutasarrifia of El-Marj.

TABLE 16:- Areas of the important species of the natural
forest in Cyrenaica in ha.

1
. Species jl AssociatioL area in ha. % of other'z
species

Juniperus Phoenicea . | comifer . [200,000 | 43.2 ]
Cupressus sempervirens " 8,000 1.7
Pinus halepensis n . 8,000 1.7
Pistacia lentiscus broad leaf|135,000 29.2
¢Arbutus pavarii " 32,000 6.9
Ceratonia siliqua " 12,000 2.6
Rhus oxycantha » . " 42,000 - 9.1
Olea oleaster " 14,000 3.0
Quercus coccifera " - 12,000 2.6

Total - |#63,000 | 100.0
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TABLE 17 - The total areas. of natural and preserved forests,.
and reafforestation in Mutasarrifia of El-Marj in

- ha.. .
' . . - N ' I o
Mutasarrifia Natural Forest | Preserved| Reaffarestation Total
Conifers]) Broadleaf] TForest: '
El-Marj 102,000j 96,000: 850 485 199,335
% to W7 39 37 15 h2.7
Cyrenaica
It is worth mentioning that the "maquis" forest

between El-Marj and Yungi Factory can invade the planted area
with surprising rapidity. The same situation exists in
Farzugha and El-Hemda. The plots of land tilled by the Italian
colonists have .lain idle for the past twenty years as a result

of which they are completely overrun with bush; and were it
not for livestock, this bush would develop into full size

trees. (Vide Plate 5a).

It is important to deal also with the understory
vegetation in El-Marj Plain and the adjacent areas for its
Between Tocra and Tulmeitha

significance to animal husbandry.

the typical plants are: Calycotorne rigida, Zizyphus lotus,

Urginea maritime, Thymelaea hissuta, Haloxylon salicornicﬁm,

and Lygeum spartium. C. rigida is important among the "maquis"

forest. Z.lotus is a shrub and its seed, unless excreted,

germinates with difficulty. U. mafiﬁiﬁé is typical of

maritime climate and common in the whole coastal plain: It is

planted along the roads and by the local people to mark

boundaries of their fields. It yields a rat poison (a red
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squill) but is not so utilised in Libya. T.hissuta grows in
the deep fertile soil and occasibpally in the wadi beds or on

the rocky surface while H. articulatum is alsolcommon and is

eaten by camels but is poisonous to other livestock.
.g;sgartiuﬁ is widespread in the whole of the coastal plain and

the Jebel Akhdar.

On the Jebel the shrub and herbaceous vegetation
distribution varies according to the types of soils and
rainfall. The spedes found in the area between El-Marj and

El-~Abiar are Z.lotus, P.spinosum, P,florcosa, T.Hissufa and

T.Capitatus. P.spinosum as far as is known is confined to

Cyrenaica. There are at least three species but this appears
to be representative. It is abundant in many places and
constitutes the dominant characteristic of the vegetation.

It is extensively used as fuel, and is important in that it
appears to indicate areas suitable for afforestation with

juniperus cupressus and pinus. P. florcosa is a perennial

plant found in the Terra Rossa soil of the El-Marj plain.

T.capitatus is 'a protected plant owing to ‘its great value for

bee'pasture, the honey produced being regarded as of excellent
flavour. It is commonly used in Cyrenaica as it is readily

combustible but does not appear to be.eaten'by livestock.

In the more humid zones of El-Marj Plain the

followihg species are found: ?.media, R. officinaiis, R;dléoides‘

M.commonis, C.spinosa and P.hafmaia. The first and the

second species are found among the "maquis" forest and
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R, Officinalis roots arxre reputed'to excrete a substance that

makes toxic the soil occupied by this species, particularly

(%)

for wheat, for a short period at least. R. oleoides,

M.commonis, C. spinosa are confined to Cyrenaica, and the

latter is poisonous to livestock in early spring. P. Harmala
is always found near humah habitation or where humans have

dwelt, and it is likewise poisonous to livestock.

(5)

Maugini in Pampini's study on the flora of
Cyrenaica, examined 42 samples of spontaneous and perennial

forage plants in certain.measured plots in El-Marj Plain,

(the details are not available). He found that Avena barbata

(wild bearded oats) (of Granimaceal family) represents

39.9% of the plants. Medicago denticula (Leguminosee family)

is 38% end the Composte family 18.5%.v Other species are 3.6%.
The first and the second species are considered to be good as

a forage.

At Tacnis and southwards the forest ceases abruptly

and the perennial plants are Artimisia herba-Alba and Suaeda

Friuiticosa which spread'in the sem-desert zZone. The first

occurs in association with Haloxylon artidulatus and Thymelaea

hissuta, and frequently has white wooly galls (thorna) caused

by R. hopaloniyca navisi Tav which are very characteristic.

A.herba-Alba grows on shall soils (loams) or calcareous

soils, but not on hilltops with less than 200 mm. of rainfall.
It is useful 'as an indicator for the range of tree growth

and also of good agricultural land if irrigated.(6)

S. fruticosa indicates a saline sub-stratum (parent rock).

P )
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However, the area at Tacnis, protected since 1951,
shows poor regeneration of the spontaneous and perennial
forage plants. In 1956, Long(7) reported that the perennial

grasses cover little more than 1-2% of the total area.

The herbaceous vegetation remains green until the
first intense heat in spring or summer, when the vegetation
rapidly dries up and withers. The graninaceous vegetation

is more resistant and especially the Avena barﬁafa species.

The pasture in El-Marj Plain withers about 20 days after that
of the coastal plain and about a similar period earlier than

that of the high Jebel around Cyrene.

Grazing and distribution of pasture will be dealt

with in the section on agriculture.

The forest has an important impact on the economic
life of Bl-Marj Plain. It is a supply of fire wood,
charcoal, roofs for the houses and poles for support for
plants, fencing and some fruit, among which are those of the
wild olive, lentisk, carob, and A.Eévafii. The forest can
also be useful in drought years, when good pasture is scarce
for rearing animals especially goats, which can find fodder
in the forest (chiefly lentisk) auring the most adverse
periods.

The charcoal is produced for fuel for the towns on
the Jebel and Benghazi, while the wood trees are used
direétly as a fuel by the local rural people, particularly

those living in the former Ente farms or in tents. Due to
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this high rate of consumption of the forest products
degradation is imminent, a circumstance which has obliged
the Forestry Dgpartment of the Minisfry of Agriculture to
organise the production of wood and charcoal through private
and licenced firms in each Mutasarrifia. The Forestry
Department chooses each year a particular area for cutting
wood and production of chapcoal.- This step has been taken
to avoid the excessive cutting of the forest. The following
figures give the approximate quantity of wood and charcoal

produced in 1962-63:-

wood 70,589 quintals
charcoal 80,432 "
poles 1,124 units

(Source:- Department of Agriculture,Benghazi).
Detailed figures are rare and unreliable: However,
the yearly total production of woed in Libya is only
-1,000, 000 m3 of round wood, 25,000 m3 of which is used for
industrial wood, and the rest is used for firewood. According

3

to datés) the per capita amount is only 0.78 m~ of fuel wood
per year, consequently in 1962 Libya imported wood of value
£L.850,000 a figure which is six times that of 1954. The

excessive cutting and smuggling of wood and charcoal is

carried out throughout the Jebel Akhdar. Goats are also the

real enemy of the forest, and it is a familiar scene on the
Jebel to see a goat climbing a tree or a shrub tree, in

search of fodder.
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Outbreaks of fire are common in the forest,
particularly during the period of the hot dry Ghibli winds,
when public irresponsibility over cooking fires can be
disastrous. For example in 1958, eleven outbreaks took place
on the Jebel and damaged about 2,245 hectares of the forést,

in 1962 only six cases were reported.

However, due to 0il discovery and the establishment
of an o0il refinery to produce gas and kerosine for local
consumption, and due to the rise in the standard of living, the
demand for, and use of wood and charcoal is déclining, so

that the forest may yet see a reprieve.

Reafforestation: -

The forest for centuries has . been pver-utilised by
Bedouin for grazing and recently the need for protection and
conservation has been felt. In 1950-51, a law was passed
for planning such measures. It failed, however, to provide
the forest services with the means to implement the proposed
policy. 1In 1952 more regulations were imposed by
establishing the Forestry Department which appointed guards
for the forest and roads and transportation facilities were
made available. The Department declared many areas to be
preserved and nurseries were established in El-Marj, Tacnis
and El-Abiar to produce species which suit the-Libyan

environment. The local P.halapensis and that imported from

Cyprus seem to adapt to the environmment and the result was

95% success. The following table.! shows the reafforestation
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TABLE 18:- Reafforestation .in Mutasarrifia of El-Marj
' with .types of species (in unit per tree
planted)

Mutasa.| No.of| P.Hale- Cupressﬁs Acaccia|Petraclinis | Area

' logs pensis semper— Cyrclopyq articulata | in ha.

virens ' i
El-Marj| 20,000] 13,000 500 5,000 ©2,000 31
Cyren-+ | 98,262 36,000 | 2,500 30,150 |16 , 100 122
aica - . " R T

The reafforestation in El-Marj Plain is téking place'
escpecially in the area of Zorda-Yungi (south west of El-Marj)
Bacur and south of El-Marj Plain at the foot of the escarpment

and on the second escarpment.

The activity of the Forestry Department includes
also the introduction of both indigenous and foreign species
to.improve the pasture. The following species gave good

results in the nursery of Burgiat at El-Abiar:-

Lolium perenne

Medicago satiﬁé

Millbfﬁé aibé

Bromus Inermis

Oryzopsis miliacea

Phalaris tuberosa

vegetation and grazing, a study of the semi-forest or forest
associations as they occur in the Jebel can indicate the

possibility of a general solution in terms of afforestation
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of agricultural development. The Mediterranean red soils
which were originally covered by various associations
belonging to the Oleo-Ceratonion are certainly suitable for
cultivation. They should be used for pastures or permanent
grassland only if they are too shallow for intensive systems

of crop production.

Reseeding would be almost obligatory in the forest
and agricultural zones of El-Marj Plain, because of the
tendency of the vegetation to progress towards the forest
climax, or the disappearance of sources of grass and legume

seed due long cultivation.

To conclude, the flora of El-Marj Plain and the
adjacent areas is a paradoxical setting in North Africa, more
related to Crete and Greece than to the adjacent deserts of

Marmarica and Tripolitania.

The forest is undergoing severe devastation by
excessive cutting and over-grazing, yet it would seem to be
economically the most efficient user of soil and precipitation
in this semi-arid zone, and can counteract soil erosion, which
is a particularly serious problem in semi-arid countries.
Libya, as one of these countries ought to have, not only a
policy of preservation for its existing forest areas, but also
an intensive afforestation programme for other similar areas,
whose indicaators have been discussed above, not at this time

actually populated by forest associations. The relationship
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between controlled vegetation cover, hydrology and the
use of limited ground water resources has not yet been

fully appreciated or studied.
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CHAPTER V

Water Resources

It is clear beyond all doubt that water is the
most critical factor in Cyrenaican agriculture, and that there
is virtually no surface water in the countrylexcept in the
wadis of Derima and Lathrun, and the latter carries its small

quantity of water to the sea.

It is exceedingly difficult to conserve surface water
from the rainfall because precipitation is irregﬁlar, to some
extent, torrential, and the structure and porosity of the soil

are unfavourable,

A number of copious springs are concentrated in the
eastern Jebel Akhdar, with deep and good underground water
on the Jebel, while on the coastal plain water is found-rather
nearer to the surface than on the Jebel though the water is

in places moderately to highly mineralised.

The discussion in the present chapter will deal with
the nature of rocks and their relatiopships to the forming
of underground water fesources, cisterns or water table in
El-Marj Plain,.wells, springs, the abandoned Italian pipeline,
and the current schéme of the Debussia~El-~Marj water supply.

Nature of Rocks as Sources of Water:-

It is incorrect to regard the whole of the
precipitation which falls in a given area as forming the
underground water resource. The rainfall can be split into

three parts:-~ evaporation, run-—off and infiltration fraction
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which is absorbed by the ground and in sink holes, On the
Jebel no statistics are available on this, since there are
no permanent water courses and due to the karstic nature

of the area.

The knowledge of the physical character of the rocks
with regard to the possibility (or impossibility) of allowing
infiltration of meteoric waters and their aescent to depth is
fundamental to the study of the initial process relating to the
formation of underground water., For El~-Marj Plain rocks we
have no data of value., However, the impermeable rocks are
represented by clay and marls to which may be added some very
marly limestones which are in practice only very slightly
permeable. These types of rocks are not abundént on the Jebel
as a whole, but a few horizons of them exist, sufficient to

give rise to the aquiferous water table in the eastern Jebel,

The Quaternary, although mainly constituted of
subaerial deposits, nevertheless offers a few argillaceous
lithological types which are only slightly permeable(l). In
the large deposits of Terra Rossa of El-~Marj and Sidi Mahius
which are at depth, are some strata richer in colioids which

form a retaining horizon for local water tables,

The Mocene proves to be richer in impermeable #FHocks;
and in it at the top there is calcareous clay in the zone of Got

Es-Sultan and in El-Abiar.

The Oligocene, particularly the lower part is |

composed of almost impermeable rocks which outcrop only
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to a limited extent in definite argillaceous facies,

The Eocene which covers most of El-Marj Plain is
completely devoid of clays énd marl, at the same time being
very calcareous. Among the rocks less impermeable, but which
may be considered as chh when in sufficient thickness and
in certain depositionél conditions, are some very marly
varieties of coarse limestone, such as the yellow-brown
limestones of the base of the Langhian and the Aquitanian,
-where they are associated with the more definitely impermeable
types.

Permeable rocks (properly so called i.e. of clastic
type), are not common in the Jebel, and are mainly found.in
the only slightly cemented Quaternary deposits. Among these
are the very permeable deposits of El-Marj (deep) Got Es-
Sultan (surface) and river gravels making up the fans (deltas)

of the littoral wadis.

Surface Waters:-—

This discharge of water in the wadis occurs
abruptly and violently after torrential rainfall, and
sometimes only lasts a day or two. The water of the large
wadis north of watershed empties in the sea, while the other

empties into stagnant pools.

However, the absence of permanent streams is due
to the fact that rainfall is scarce on the whole, and due to

the nature of the rocks. As has already been pointed out in
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the chapter on relief the rocks are mostly of low density
limestones, in which numerous joints and fissures allow the

rain that falls on the surface to disappear rapidly underground.

The bulk of the rain that falls is used by groﬁing
plants, evaporates or runs off on the surface. In some places,
however, where bare iimestone is exposed, water from rain sinks
in directly or sometimes running on the surface for a few tens
of metres or less. This is especially true in the coastal
plain where fissures, enlarged by solution, intercept the
rungfoff. On the Jebel run-off is restricted to the wadis, in

which infiltration is rapid to coarse materials,

Along the base of the first escarpment the run-off
from the wadis spreads out and sinks into pervious limestones.
When run-off does occur, recharge also takes place in the
wadis that drain south and south east from the Jebel towards the

interior desert.

El-Ghariqg:-

It has been mentioned before that El-Marj Plain is
the longest closed karstic basin in northern Cyrenaica. The
main wadis descending into the basin from the south are Wadi
Seil E1-God and Wadi El-Gattara. The run-off waters of these
wadis, rainfall and waters of the wide contained basin, form
the previously mentioned ephemeral lake known as El-Ghariq
which is only one kilometre :N.E.: of El-Marj town and forms
in the large depression which is some 12 kms. wide and 42 kms.

long. Most of the water that accumulates in the lake, apart
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from that which evaporates and forms a superficial water
table in the Terra Rossa deposits, ends up by percolating

to depth, where held up by horizons having sufficient
impermeability, gives rise to particularly rich and constant

water—-tables.

The lake fills with water commonly in January
after the rainy season starts, but is generally dry by June.
The area of the lake is variable from year to year according ‘
to the amount of the rainfall. It is usually six kilometres
long and 3 kilometres wide. Muhlhofer(z) records that in the
rainy year of 1924-25 it occupied an area about. 24 kilometres
by 3 kilometres. In 1961 when the rainfall was high
(éee chapter on climate) the area of‘the lake was 8

kilometres long and 5 kilometres wide and the water

stagnated until August.

It is estimated that about 5,000 hectares are
flooded at a depth of 5 to 8 metres the maximum stage. The
depth of the water is usually 2 metres and the low point
of the lake is 276 m. above sea-level, whilet the rim is

approximately marked by the 300 metre contour'(Vide Fig.h).

In the area of the depression of the 300 metre
contour the superficial water-table is six to eight metres
deep, while the deep water table below the lake bottom is

about 100 m.

After the lake dries up, the whole area becomes

invaded by low vegetation and various herbaceous plants; the
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soil there remains very humid and is used by the iocal people
for growing vegetables as will be discussed later in the
chapter on agricuitufe. The question of salinity is

examined in Chapter 6.

Surface Waters Management: -

The wadis descending to the coastal plain from the
first escarpment i.e. wadis .El-Asra, Es-Sléib and El-Gattara
(south of El-Abiar) and all of them almost every year during
the rainy season flood the areas_where they empty their
water, at the minimum three times per year and at the
maximum ten timeé. The attempts to dam up these wadis have
produced a negative response because of the nature of the
rocks which are pierced through with many caverns,

(3)

Professor Pantanelli calls attention to this fact;
however, he does not exclude the possibility of damming up

some torrential waterways of the first escarpment near their

sources on the upper terrace, without incurring the danger of

submerging already cultivated fields ~ this in the hope that
some of these waters can be diverted for irrigation purposes

to the northern flanks of the Jebel Akhdar.

As far as the wadis descending the coastal plain
between Tulmeitha and Tocra are concerned, there is no Sign
that either the Greek or the Romans attempted to utilise the
water from. them unless this was achieved by a simple method

of which no evidence remains today. The impracticability of

l
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constructing reservoirs because of the extreme permeability

of the beds of the water courses, is now recognised.

As far as the surface water management is concerned
thé Ttalians planned to make use of the stagnating water in
El-Ghariq. It was suggested that the water could be gathered
in large concrete tanks which would cover the surface of a
few hundred hectares and would leave free for cultivation
the area which otherwise becomes a bog. This water could then
be used for irrigation during the sumﬁer monthsc‘ However,
due to the high cost and some doubts about the heavy

evaporation factor which would occur in the large tanks, the

)

scheme was abandoned., Oﬁ the other hand it ié probable
that if El-Marj Plain were cultivated as well ds the‘
neighbouring area, there would be far J}ess Water flowing
towards El-Ghariq and then perhaps it would be possible to
pump.the water from Ei—Ghariq and divert it to the farms
nearby and to use the area usually flooded for agriculture.
Cisterns: -

A Y

Man'*s reaction to thé crucial need for water was
to build cisterns in the Jebel and wells in the coastal plain,
and many of these cisterns were built from Greek and Roman
times onwards. The survey conducted by the Italian
(%)

Services in 1926 -covered over 2,300 cisterns in Cyrenaica

of which 461 were in El-Marj Plain, the surrounding areas

of the second escarpment and the coastal plain. In El-Marj
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Plain itself there were 125 cisterns, which are located oﬁt—

side the 300 m contour rim where tlie underground water- is

deep and no pérennial springs exist (Vide Fig.27). .

A larée number of the cisterns are found on the
second escarpment particularly south of Tacnis; while on the
coastal plain the aquif;f is near to the surface and so the
cisterns are rather few. The ground, which is pierced
throughout with natural caverns, lent itself to the
construction of émall size cisterns wiﬁhout too much labour.
Water sources spaced at great distances from one another and
the scarcity of wells, m;de the construction of man§ cisterns
essential, and whilst some.of the cisterns had a capacity
of several thousand cubic metres, most. are rather small. The
most important cistern in western Jebel is that supplying the

Roman Aqueduct in Tulmeitha,

The ancient small cisterns aré usually 4x3 metres
in plan and 5 metres deep, most of which are public. On the
former Ente farms each house has grcistern which collects the
run-off from the roof. These new cisterns are about 10x8
metres wide and 8 metres deep. Most of these cisterns are in
good condition since in most places in El-Marj Plain it
furnishes the needs of humans and livestock. Some people who
own more than one cistern may sell the water for the period
between May-October at:a cost of about £L12 for the whole

capacity of the cistern during the whole period when there is
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no rainfall.

The former Italian Eﬁﬁé for colonisation of Libya
repaired thousands of cisterns;'SZ of which in the vicinity
of Tacnis have a combined capacity of 6,050 cum. The
British Military Administration repaired some_of those
destroyed during the second World War, whilst U.S.Aid
Mission With the cooperation of the Libyan Government

established and repaired many cisterns on the Jebel.

Expansion by the establishment of more cisterns
will be essential in the very near future, particularly
.in the western part of the El-Marj Plain, an area which will
not benefit for at least 6 years from the Debussia-~El-Marj
scheme, and also because of increased agricultural development
and the growth in the number of livestock which make the
expansion necessary even after the provision of enough water -

for present needs of humans and livestock.

ﬁﬁ&érérﬂund Water:-—

The underground water reservoir underlying
El-Marj Plain is recharged by direct infiltration from
precipitation and also by infiltration from surface water
run-off ih wadis and from ponded water in ephemeral lakes.
Such recharge probably occurs only during or after
relatively intense rainstorms. Recharge from dispersed

(5)

or light rain is probably negligible.
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Wells:-

El—Marj Plain receives an average rainfall of above
300 mm., and the water of the run-off collected in the
temporary lake of El-Ghariq. The surface waters, parf of
which form a superficial water-table in the Terra Rossa
deposits, ends up by sinking to depth, where, held up by
horizons having sufficient impermeability, they may
give rise to particularly rich and constant water—tables.(6)
In El-Marj Plain there are more than 100 shallow
wells six to seven metres deep (Vide Fig. 27). These dry
up in summer and are cleaned every year after the rains.
There are also nine deep wells around and in El-Marj town
in which the water level varies considerably. The water
also stands at different levels in the four wells in fhe
agricultural station (eaét of the town) which is due
partly to the different amount of water taken from each wellj;
.the well with the largest output having the 1argestncore
of depression of water surface around it and therefore the
greatest lowering of the water level. The depth of the
deep wells varies between 15 and 55 m, from the ground to
fhe water, and the water varies between 6 to 18 m. in depth.
In the deep well (55-m.) the level of the water usually
falls about 3 metres in the summer (between Ju}y and

September).

The wells in El-Marj appear to tap two water
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horizons, an upper one at about 14 m. and a lower at about
L4 m, The town of El-Marj at present is supplied by five
wells (Vide Fi&28). The quality of water is good and the

monthly capacity is as follows:-—

Well No.l 755,000 gallons per month
"  No.2 1,000,000 " " "
"  No.h 600,000 " " "
" No.5 543,000 " " "
"  No.6 217,000 " " "

(Source:— Ministry of Public Works -~ Benghazi).

The water from the wells is collected in the water
tower which has a capacity of 80,000 gallons, for
distribution to the town. El-Marj is the only centre in the
p;ain with such a municipal distriﬁution system. In addition
road tankers carry the water from the town to remote

inhabited centres and farm houses which are short of water.

The daily consumption of the town is 240,000 gallons,
so that the capacity of the producing wells is entirely

inadequate even for the town’s needs during the summer,

However, as far as El-Marj Plain is concerned the
highest water level occurs about halfway between El-Marj
" and Sidi Mahius where, along a line running north-west from
the fo&t of the second escarpment, the level of the surface
underground water is more than 305 m. above sea-level. From

there‘it slopes away to the north east (270 m., at El—Marj)
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and te the south west (290 m at Sidi Mahius and 250 m.

at El-Abiar). (7) Marchetti(s) gives a geological section
along the line Tocra-Jardas El-Abid (which coincides with
the line half way between El-Marj and Sidi Mahius, where

the underground water is highest) and shows that the Eocene
beds beneath the Plain are folded so as to form a depression
near the foot of the second escarpment along which the
underground water flows away to the north east and south
west (Vide fig. 13). New test wells have been drilled by

U.S.O.M.(9) (See Appendix IT).

The Eocene Horizon:-

This horizon yields a small group of spfings east
of Tulmeitha (Vide Fig. 27). These springs are Ain Brur
(270 m. above sea—level), 13 kms. east of Tulmeitha, Ain
El-Meleca (100 m.) 18 kms. east, and Ain Habbun (70 m.)

21 kms. east of Tulmeitha. The level of the horizon
occurring in this locality decreases from south Qest toﬁards
north east, and forms a small spring-bearing horizon

restricted tdhthis,district.(lo)

The discharge at Ain Brur is given as "small", that
of Ain El-Meleca in Wadi Gelugh as "abundant", and fhét of
Ain Habbun in Wadi Habbun as 17, 600 galléns per day,(ll) the
water from the last spring stagnating in the bed of the wadi.

This spring probably fed the Roman a:queduct to Tulmeitha,

remains of which can still be seen.
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Cretaceous Horizon:-

It has already been pointed out in the chapter on
geology that the area between Tocra-~Tulmeitha and Jardas
El-Abid is affected by tectonic disturbances (Vide Fig.l12).
The Cretaceous rocks between Tocra and Tulmeitha are affected
by an anticlinal fold, in which the limb towards the sea dips
decidedly with considerable angles whilst the inland 1limb
dips gently so that the tectonic features approximates to a

(12)

flexure. However, the Cretaceous rocks, both in the
coastal and on the Jebel in Jardas El-Abid (Vide Fig.l1ll) are
to a considerable extent made up of marly rock types and as
such are only slightly permeable. In this respect it may be
noted too that true marls are found particularly frgquently
in the two Cretaceous inliers of the Jebel (Jardas El-Abid
and  El-Magahir) where they alternate with types of differmnt

hydrological behaviour, such as compact limestones.

The Cretaceous water—-table occurs in the coastal

plain between Tulmeitha and Tocra, and inland in Jardas El-Abid

Around Tocra there are over forty shallow wells of
more or less saline water, from three to five metres deep
with half to one metre of water. The total yield is about
28,400 gallons per day, but the best of them gives only
6600 gallons per day. The well south of the village drilled
in 1960 is 37 m. deep with a water of 19 m. and a windmill

and a pump are installed.
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Most of the wells in Tocra area are private and those
outside the village are used usually to irrigate the gardens.
There is no municipal distribution of water. The well south
of the wvillage is usea at present for livestock needs for
which a fee is payable, whilst the inhabitants buy the water

for their own consumption at about two piastres per litre.

Near Tulmeitha there are about 20 shallow wells
in which the water is saline but drinkable by the local
inhabitants, the average depth of which is four metres, two to
the surface of the water with two metres of water. One well
3 Kms. west of the village at Sidi Abdalla is 18 m. deep with
9 metres of drinkable water. The water‘is driven by a
windmill and a pump, and collects the water into a water tower

for distribution to the inhabitants of the village.

‘The wells in the area between Tulmeitha and Tocra

are privately owned and are used for irrigation in the gardens,

In Jardas El1-Abid a well seven metres deep yields
about 4000 gallons per day and is used for human consumption

in the village.

These are the main inhabited villages which have
well-water, also others using the cisterns which collect
rainwater.

However, the shortage of water in the western part
.of the Jebel Akhdar forced man, since early Greek and Roman
colonisation, to take advantage of every source available, so

cisterns and a.:queducts were built on the Jebel. The
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development in the Jebel and the growth of population and
improvement in living standards make the utilization of some of
the copious springs of the eastern Jebel inevitable. The
Italians worked on a scheme for tapping Ain Mara springs for
distribution of water in all of the whole villages along the
north road of the Jebel, but the breakout of the second War
brought this scheme to an end, (see Appendix 2). The Libyan
Government in 1962 put in action a similar scheme, utilizing
another source, the Ain Debussia, to bring water from the latter
spring to El-Marj and all the villages and the farm houses

along or near the route of the pipeline. Since the significance
of these schemes is so great on the economic and social life of

the region, they will be dealt with in more detail later.

Professor Addisoﬁlgglieves that the efforts to
complefe the Ain Mara water system as originally planned would
be expanded more profitably in direct irrigation works, as for
example in Syria or the Lebanon. However, it is important,
first of all to provide water for the needs of the inhabitants

of the Jebel and the livestock.

The water of Ain Mara is at present devoted to
irrigating the small gardens in the wadi while the rest of
the water which flows beyond the agricultuFal zone stagnates in
the wadi bed and creates marches favourabie to Malaria carriers.
Since drinking water will be available for most of the Jebel

from the Ain Debussia-El-Marj scheme, the water of these springs
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could be tapped and diverted to meet the local needs and to
be used for irrigation in the agricultural extension in the
eastern Jebel Akhdar.

Debussia-El-Marj Water Supply Scheme:~

Water is abstracted from Ain Debussia, a perennial
spring of good quality which issues at the foot of Wadi Seghi.
Gauging of the spring over the last few years varied between
3.2 and 12 million gallons per day according to the time of the
year., Normally the water is clear and sparkling but after
heavy rainfall it becomes turbid due to disturbances of the silt
in the 1imeétone fissures. A concrete well has been
constructed into which the water from the spring can be diverted
to the treatment works at the top of the wadi escarpment
(vide Plate 6a).

The water reaching these works is dosed with alumina

and passed through a battery of six pressure filters and is

then sterilised by chlorine before entering the storage tank.

Pumps take water from the tank and deliver it through
a 10" main which follows the line of Debussia Access road as
far as its junction with the El-Marj-Derna road where a
connection has been made to the main laid by the Italians. The
water is then passed through this main into a one million
gallon capacity service reservoir near Ferrara referred to as
Station 5 reservoir (Vide Fig. 29). It will then gravitate

all the way to El-Marj.

The main pipeline is about 166 Kms. in length and
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the diameter of the main is 10% to 22", It rises up the steep
wadi face froﬁ Ain Debussia, and encounters the main El-Marj-
Derna road near El-Gubba. It then follows the main north.
road westwards, striking south of El-Beida plunging into wadi
El-Kuf (Vide Plate 6b), and meandering along narrow wooded
wadis until it emerges in more open country near El-Bayada.
Beyond this point, the pipeline leaves the main road, descends
into El-Marj Plain and follows the ridge bounding the northern
‘extremity of the plain, Its long journey terminates at a
reservoir to be constructed 14 Kms. north of El-Marj. A
network of distribution mains is El-Marj Plain between
El—Aﬁeliya and Batta, and in the villages to be supplied, the
total length of which is gbout 130 Kms. and the diameter is

3% to 88",

On the 27th September 1962, the contract was signed
by the Government and Mannesmann of West Germany, for
construction of the water supply scheme for abstracting
3.5 m.g.d. from Ain Debussia and distributing the water to the
towns of El-Marj and El-Beida, and to villages, farm houses
and watering points, (Vide Fig. 29). The scope of the work was
amended on the 31st May, 1963, when the Government decided to
route the main along the north road instead of the south road
to generate supplies to El-Beida and El—Marj.(lh)

The contract completion date is the 27th March 1966

and the value of the contract is £L.7,169,000.

The use of water is restricted to human consumption

and watering of livestock in order to ensure equable’
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distribution over the large area which it is intended to

serve, as shown in Figure No.29. Furthermore, the cost of
pumping and piping the water would prohibit its use for general
irrigation. The earthquake which destroyed most of the presept
town of El-Marj changed the planned route since the water

from Debussia will be diverted.to the new town.

As pointed out on page l41 the present El-Marj
receives water from a number of boreholes near the town, but
the total yield is entirely inadequate even for the town's

current needs during the summer months.

When the new town is built (4 kilometres west of the
present town) to modern standards, the water requirement will
undoubtedly increase considerably, and 1.0 m.g.d. is allowed
from the Debussia scheme. To bring water to the new town,

a pipeline approximately 14 Kms. long, will have to be

constructed, from the preéent termination point.

However, as far as the areas to be supplied are

concerned, the planned quantities of supply are as follows:—(l5)

Supply

g.p.d.
1. El-Beida 1,000,000
2. Garnada and El-Faidia 350,000
3. Messa 250,000
4., El1-Bayada 300,000
5. El-Marj 1,000,000
6. Unallocated Reserves 100,000
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These figures for distribution are based on the
number of population and animals. The details for El-Marj

Plain are as follows:-

g.p.d.

Humans 23,000 @ 25 g.p.d. = 575,000
Sheep and goats 150,000 @ 1% g.p.d. = 187,500
Cattle 11,200 @ 10 g.p.d. = 112,000
Camels : 4,500 @ 10 g.p.d. = 45,000
Asses and horses 8,000 @ 10 g.p.d. = 80,000
Local resérve allow 200,500
Total 1,200,000

less existing supplies 200,000

1,000,000

The population figures (human)and animals for
Mudiria §f El-Marj include Farzugha, a supply to which is not
considered in the present scheme. The trunk main has been so
sited that at reservoir No.1l5, 1.4 m.g.d. are available for
use. Of this 1.0 m.g.d. is allocated to El-Marj Plain, but
the remainder will be available for Farzugha and El-Hemda

(16) :

villages. The decision whether to extend the supply to
these areas will depend largely on the Government plans for
their development. HoweVer, the agricultural potentijialities

are high and large numbers of dwellings exist.

Supplies in future to the villages more remote from
the trunk main will be dependent on the demand of water in the
areas previously mentioned. Such villages are:- Tacnis,

Tulmeitha, Tocra, Marawa, Apollonia, Ras El-Hilal, El-Hania,
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and El1-Gheghab.

Considerable thought has been given to the problem
of distribution from both the trunk line and the intermediate
reservoirs and the system of distribution mains and watering
points would bring water withihh two or three kilometres of most
inhabitants living on Ar near the pipeline route. It is
further proposed to instal watering points along the trunk
main and in the main distribution areas. In general it is
suggested that the watering point will take the form of an
helevated break pressure tank of about 2,000 gallons capacity
feeding water through for animals, a standpipe and possibly
an elevated stand post for the supply of water carr&ing vehicles.
There will be 50 watering points along the route. It is
estimated that the cost will be some £L0,200 per 1000 gallons.
The number of the Libyan employees engaged on construction
varies considerably but the maximum number is about 650. It is
expected that a staff of between 60 and 90 employees will be

necessary for the operatinn and maintenance of the scheme.

The work on the scheme is divided into three stages;
Stage I covers those works to be completed by March 1966 as has
been pointed out earlier; Stage II covers those works which
should be constructed in the years following the completion of
the Mannesmann contract and. it includes the extension and
improvement of existing distribution and new systems constructed
in Stage I. It includes also the construction of a new

distribution system for El-Marj and El-Beida; Stage III covers



=-152-

works that may be undertaken in the future as circumstances
dictate and as funds permit. It includes in the first instance
the extension of the scheme to include Farzugha and El-Hemda,
and secondly the villages more remote from the trunk main such
.as Tocra. The scheme is designed to provide water for Farzugha
and El-Hemda. The period of Stage I is 3% yvears and the

second 2% years.

To summarise, the underground water in El-Marj

Plain and the adjacent areas is contained chiefly in fractures,
bedding planes and solution openings in the limestone country
rock. The upper limit of this reservoir is marked by a water
table which generally lies within 40m. of the land surface in
the coastal plain, but is 100 m. or more below the surface of
most of the Jebel. The ground water reservoir is replenished
chiefly by infiltration from surface run-off in wadis and to a
lesser extent by direct infiltration of rainfall. The ground
water moves north and north west towards the Mediterranean

Sea and south towards the interior desert from a ground-water
divide near the crest of Jebel Akhdar and discharge of this
ground-water takes place as submarine outflow, spring flow,

evaporation, and withdrawals from wells.

The drafts from wells in the Jebel are generally
smaller than those in the coastal plain, owing to the greater
depths to reach the water and to the consequent difficulty and

expense l1lifting the wate r to the land surface. In the Jebel
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the gross draft from existing wells may be no more than a few i,

thousand cubic metres per day.

With respect to irrigation, the water in wells is too
deep for economic pumping, except on the coastal plain on a
moderate scale. Even in the coastal plain, pumping from wells
located within a few kilometres of the shoreline could lead,

with time, to salt-water contamination in areas of withdrawal.

Most of the villages in El-Marj Plain, and on the
Jebel as a whole, have traditiorally suffered from severe water
shortage in the summer season, and it has often been necessary
to transport water by road tankeré, over distances of up to

40 or 50 Kms. at great expense.

The Debussia-El-Marj water supply scheme, currently
under construction for distributing water to the villages and
farm houses between El-Gubba and El-Marj is an ambitious
undertaking designed to utilise the source at Ain Debussia as

fully as possible, much of which at present runs to waste.

TQe construction of the scheme is evidence of an
appreciatioﬁ of the‘vital importance of water in development
projects; particularly for agricultural development of the
potentially fertile El-Marj Plain and Jebel Akhdar. It is
also a positive step towards the resettlement of the nomads

and semi-nomads in the Jebel.
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CHAPTER VI

. SOILS

Soils of El;Marj Plain show a diversity of origin,
properties, and laund use capabilities which is perhaps best
explained by reference to the factors of soil formation.
Following the initial work of Dakuchaie?e (1898)(1) and
Jenny (1941),(2) it is  convenient to comnsider this diversity in
(1) climate;‘(Z) vegetation, (3) parent material or parent
rocks (4) topography, (5) time and (6) human influences.

Within El-Marj Plain it soon became apparent that climate and
parent material are perhaps the dominant determinent of the
soil character, The climatic situation, with its stroungly
Mediterranean regime has already been pointed'out in detail in
Chapter IIX, and the solid geology of the region with its.

emphasis on the occurrence of tertiary limestone has been

discussed in Chapter ITI,.

This super-imposition of Mediterranean climate om
calcareous parent materiél has domirated the processes of soil
formation, and by far the most important soil type which is
found in El-Marj Plain and on the surrounding scarps and the
upland areas is the classical Terra Rossa. Much has been
written about this soil and its distribution throughout the
whole of the Mediterranean region, but relatively little work
has been published on its Libyan habitat. The reconnaissance

observation of Ferrara (1933)(3) and Principi(u)(1936 and 1947)
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are useful, as are parallel findings of Reifenberg(5) in
Palestine, but that research carried out on this soil group

in North Africa, would seem to exist in unpublished form,

The original work of Reifenberg on the Terra Rossa
soil is still the standard reference for the properties and
definitition of this soil type, and it seems convenient to
consider here some of the main points which are contained
within Reifenbergl!s original concept. For him:

"Terra Rossa develops on limestone under the conditions
of the Mediterranean climate. 1In comparison with its parent
material, the limestone, it has been greatly enriched in
sesquioxides and in silica. 1In comparison with the soils of
humid climate it contains large quantities of salt of the
Alkalis and alkaline earths. The high iron content together
with low humus content are responsible for the red colour and
which often is brilliant. They are mostly soils with an

. . . . 6
alkaline reaction and ferruginous concretlons."( )

This view of Reifenberg is in many ways the most
composed and impressive statement on the origin and nature of
Terra Rossa which has been attempted by any pedologist.
Certainly the thesis that Terra Rossa is a contemporary
phenomenon resulting from the interplay of a Mediterranean
climate regime and a calcareous parent material is widely held

in soil science circles. However, whilst a discussion of the
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pedological.controversy surrounding Terra Rossa is beyond the
scdpe of this present work, it should also be noted that
Kubiena (1953) and others would regard Terra Rossa as a fossil
feature found under more humid sub-tropical conditions and
therefore essentially a soil parent material rather than é
modern soil,

The work presented in this chapter does not aim at
presenting any definite origin of this soil and its association,
but rather to study specific Terra Rossa profiles in Cyremaica

and to analyse particularly their agricultural properties,

Detailed soil analysis: in order to supplement the general

accounts of the soil types and their distribution within El-
Marj Plain and the surrounéings it was decided to carry out a
more detailed analysis of the soils of the area using standard
field and laboratory investigation techmniques. A field survey
of the soils was carried out during the summers of 1962 and
'63 and a reconnaissance was made of natural soil sections

and soils occurring in the main agricultural areas. From this
reconnaissance survey it was possible to decide upon the main
so0il types occurring ip the plain and also to locate eleven
soil profile pits which would give a representative bicture

of the pedological pattern.

Each of these pits was described in the field and
each was sampled at two main depths, i.e. at the surface and at
a depth of 25 cm. The samples were analysed at the

Sidi Mesri Experimental Station, Details




|
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of the chemical analyses are given in the appendix No.IIT,
Table 1. The main site characteristics of the soil profiles
are also presented in Table 19. A schematic classification
of the soils is given in Table 2Q.and the location of soil

pits is further shown on figure No.30.

Profile 1 - is a good example of a relatively thin terra fusca
which has developed directly from the underlying Lower Eocene
limestone beds. The soil is quite thin, passing into parent
rock at 50 cms., and is one of the stoniest profiles examined
due to high content of limestone fragments from the parent |
rock. The mechanical analysis of the samples show a high
content of sand and also of clay, whilst the silt fraction is
relatively low, The soil is dominantly a sandy clay with a

very slight increase of the sand fruction with depth.

The figures for the total carbonates reflect the
large proportion of limestone fragments in the soil material.
The figures for the surface horizons is 10% higher than that
at 25 cm. which would seem to suggest movement of lime
towards the surface and some concentration there. The Ph,
figures of 6.5 and 7.6 respectively were in fact the highest
recorded in the whole region. The figures for the total acid
soluble material again show the high lime content and were the
highest over the whole survey area. The conductivity of the
soils too, were amongst the highest recorded. These figures

again show a tendency for the s0il solution to move upwards

to the surface.
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Table A.

TABLE 19: Locations of the Soils Sites

I o | | |
Prof- Situation Grid Ref.Height Parent |Topographic Land Use
ile in | Rock |[situ-

No'. metres ©  Jation 7 oot
1 | 3 kms.s.Ww. |%00/750| 5 [Lower [Flat Dry farming
of Tulmeithal Eocene {coastal barley

Limestame Plain
2 South of the| 100/450 | 326 Middle. |Level Dry farming
village of Eocene wheat
El-Hemda Limestone .
3 3 kms.N.of ~| 275/760 | 280 Middle |Gentle Dry farming
© | Sdidid Eocene |(southerly | wheat
. | Rahuma Limestane |slope
4 4 kms.S.E. 185/755 | 295 Middle |Gentle |Dry farming
of El-Marj Eocene |northerly | wheat
Limestmelslope
5 14 kms.N.E. 350/800 | 350 Middle |Gentle Dry farming
of El-Marj Bocene. |south- wheat
' Lime- westerly
stone slope
6 El-Ghariq 230/740 | 278 Middle |Flat Seasonal
Lake Eocene flooding
Lime~
stone
7. 17 kms.W.of 195/645 | 340 | Middle |Gentle Dry farming
El-Marj Eocene |easterly |wheat
Lime- slope
: stone
8 3 kms.W.of | 370/885 | 380 | Wal Wadi Dry farming
Batta alluv- [bottom barley
' ium over
Middle
Eocene
Lime~
stone '
9 Zorda 165/705 | 310 |Middle |[Flat Dry farming
Exp. Eocene wheat :
Station Lime-
stone
10 | South of 190/540 | 333 Middle |Flat Dry farming
Farzugha Eocene wheat
Limestone
11 8kms.W.of 365/840 | 40O Wadi Wadi Uncultimated
Batta Alluv-' |bottom scrub .
oumover
M. Eocene
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Table B

TABLE 20: Classification of the soils

Parent Profile Major Soil Type Profile
Material Prainage Number
Terra Rossa
Material over Free i) Red Terra Rossa 9,4,3,2
soils-deep phase
Limestone
ii) Red Terra Rossa
soils~-shallow phase 10
iii)Dark Red Terra Rossa
soils 7,5
iv)Terra Fusca soils 1
Impeded v )Hydromorphic
Saline soils 6
Wadi Alluvium vi)Yellowish Brown
Free Alluvium Soils 8
one limestone
vii)Dark Brown
Alluvium Soils 11
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The exchangable cation data show that the cationic
exchange capacity is relatively low but is dominated by calcium
and magnesium. The figures for both sodiwn and potassium are
much lower. The figures for available nutrient show that
nitrogen-is extremely low and likely to.be a major obstacle to
adequate plant growth. The figures for phosphate and potash too
are low and again would be likely to prove limiting in any

intensive land use.

Profile 2 - repfesents a well developed red Terra Rossa soil

2 metres deep over Middle Eocene limesténe. Its texture is
similar td profile one but figures for soil carbonates fail to
show any accumulation of lime and profile., This would seem to
suggest that soil drainage has been adequate to leech out much
of the calcium material from which the soil was ultimately
derived. Ph. figures show that the soil is only slightly
alkine. The figures for the total analyses show marked
accumulation of iron and aluminium in the soil. This is as
one would expect from Teirra Rossa. The conductivity of the
profile is similar to Profile 1, again showing a slight
accumulation of salt. The cation exchange capacity is
relatively high and due probably to the higher content of iron
and aluminium oxides. Calcium and magnesium again dominate the

exchange complex,

The data for the nutrient elements of this Terra

Rossa present some interesting contrast with Profile 1.
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Figures for total nitfogen again show the very deficient

content of this important plant food. This is quite
characteristic for the whole region, The figures for phosphate,
however, are extremely low and point to the fact that many of
these soils do not contain adequate phosphorus. This is no
doubt a reflection of the long period of chemical leeching and
degradation which the soil has undergone. The relatively low
figures for the acid soluble material would seem to support

this view,

Profile 3 -~ has been classified into the same soil grouping as
Profile 2, namely Red Terra Rossa soil of a deep phase and
indeed the analytical figures of this soil show many
resemblances., From a point of view of texture this profile

is slightly heavier, being classed as a clay soil rather than
a sandy clay. The figures for clay content are some 5% higher
than Profile 2 and the sand percentage is correspondingly
lower. The'silt percentages are still the same. The soil
reaction is slightly lower than Profile 2, and in fact the
surface shows slight salinity. This may in fact be due to
ag;icultural practices; at 25 cm., in fact the Ph. rise to 7.2
which corresponds to the gemeral Ph. level of the Terra Rossa

material.

Rather surprisingly the figures for the cation
exchange capacity are amongst some of the lowest recorded in
the area. This may be due to a lack of organic matter or to

the type of clay mineral involved. Calcium and magnesium are
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again the dominant jions and this is reflected in the figures
for soil conductivity, which vary from 1.10 millimhos/cm. at
the surface to 0.75 millimhos/cm. at 25 cm. depth. This
points to a slight seasonal upward movement.  of soluble salt.
The carbonate figures show an almost complete removal of lime
és in Profile 2, with again a slight increase at the surfacé.
The figures for available nutrients are amongst some of the
lowest recorded in the survey. Nitrogen varies from 0.10%

at the surface to 0.12% at 25 cm.; this seems to be a direct
- result of the poor organic matter status of this profile.,

The figures for phosphate are extremely low and once again
this plant food would seem to be a limiting factor in the
plant growth. The figures for available potash are very low
too, in spite of the fact the totai analysis shows that potash
is quite high in the mineral function evidently much of the

potash in a form which is not available to the plant root.

Profile 4 ~ is similarly classed as deep Terra Rossa soil
but is much similar to Profile 2 rather than to Profile 3.
The general texture is on the transitional boundary between
sandy clay and sandy clay loam, mainly resulting from slight
increase in the sand content. The clay percentages is 29.6
at the surface falling to 28.0 at 25 cm. The data for the
cationic exchange capacity is also similar to Profile 2
ranging from 24,12 m.1/100 gms. of the soil at the surface to

26.75 m., 1/100 gms. at 25 cm. Calcium and magnesium are
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again the dominant cations on the exchange complex, The Ph.
varies from 7.45 at the surface to 7.20 at 25 cm. which is
again similar to Profile 2, and the Profile shows a
corresponding lack of total carbonates. Figures for available
nitrogen show an increase on those for Profile 3, and the
available potash is also much higher. Phosphate, however,

is still extremely low.

A brief comparison of Profiles 2, 3 and 4, all of
which.are designated as deep red Terra Rossa soil, shows that
there is some analytical variation within this generél grouping.
This is.only to be expected when one considers differences
of situation and soil history which these sites probably have
undergone, This particulér aspect will be treated more fully

in the next section.

Profile 5 - represents slight difference from the last three
profiles in that it has been designated as a dark red Terra
Rossa soil largely on the basis of a field appearance. A
study of the amnalytical data, however, fails to reveal any
real significant contrast. The only figure which would seem
to be important in this respect is that for the moisture
content. The dark red Terra Rossa has a moisture percentage
of over 5 where as a red Terra Rossa has generally figures
between 2 and 3. The texture of this soil shows a difference
between the surface and 25 cm. The surface layer is a sandy

clay whereas a little lower down the texture changes to
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sandy clay loam/sandy loam. This is mainly due to decreasing
clay percentages from 29.4 to 20 and an increase in sand
function from 56.4 to 72.2., The figures for silt function
show a very striking decrease with depth dropping 14.2% at
the surface to 7.4% at 25 cm, This decrease of silt and

clay function within such a short distance would seem to
suggest that the upper horizons are in fact receiving finer

material which is being washed .in from surrounding slopes.

The Ph. of this soil and the total carbonates are
very similar to Profile 3, as also the figures for cationic
exchange capacity. Calcium and magnesium are again the
dominant ions, and the figures for conductivity of the soil are
very low despite this high moisture content., Figures for
available nutrients show the same low values, although the
availability of phosphate is slightly higher than the previous

three profiles.

Profile 6 — is an extremely interesting profile as it is the
only profile study which show the effects of impeded drainage
in the soil profile, The profile pit was located on the
northern edge of El-Ghariq depression which is an area of
accumulation of moisture from surrounding areas. El-Ghariq
depression is in fact an intermittent lake each winter and
usually remained flooded until it is dissipated by
evaporation in late Mgy. The dominant feature of the soils

therefore is extremely water logged conditions for much of
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the year. The high water table thus produced has very

detrimental effects on plant growth.

The mechanical analysis shows that the“soils may
be classified as sandy clay which is very important from a
point of view of soil permeability. The soils are
relatively impermeable, a factor which makes even worse the
effects of a large seasonal influx of moisture. Despite the
poor drainaée, however, alkalinity has not developed and the
Ph. is only 7.1l. The figures for total carbonate also show
no accumulation of lime. By far the most interesting
analytical figure is that which refers to soil salinity.
The figure for the conductivity of the soil reaches the very
high level of 18.5 millimhos/cm. at the surface but it drops
quickly to 3.25 millimhos/cm. at 50 cm. The figures for
cation exchange capacity similarly reflect the saline
conditions of this soil. The percentage of sodium on
exchange complex does in fact exceed the figure for calcium
and magnesium combined and would seem to suggest that there
is a very high sodium hazard in this soil. This is further
reinforced by the figure of the Sodium Absorption Ration
which is 12.32 at the surface. The fact that alkalinity has
not developed under the high sodium figure may, in fact, be
due to the high iron coentent of the soil. The figures for
available nutrients show the usual lack of nitrogen and

phosphate but it is noticeable that the figure for available
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potash is extremely high. In fact the figures of

1067 p.p.m. of potash is more than double the figure
recorded in the other profiles. This is almost
certainly due to the fact that potasium is being washed

in the area by seepage water,

The saline nature of this profile appears
very puzzling when compared to the good crop yields which
this area supports (Vide Chapter VIII). Whether the
salinity is closely restricted to the sprface and
hence does not affect the main root zone, or whether
the soluble salts are of a nature-ﬁhich_does not

inhibit plant growth is a question which needs further

investigation.
Profile 7 is another example of a dark red Terra

Rossa soil and therefore it may be convenient to
discuss its analytical data in comparison with that
of Profile 5 at the village of Batta. From a
point of view of texture Profile 7 represents a
clay soil rather than sandy clay. The figures for

clay at the surface and at 25 cm., 35.4% and 33.0%
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respectively. This relatively heavy texture is
only exceeded.'by red Terra Rossa soil at Profile 9.
It is also worth moting that the silt functién of
this soil is quite high, reaching a figure of

20.6% at 25 cm. It is also noticeable that this
profile is very slightly acidic showing Ph.s which
never rise above 6.9, The sgturation percentage is
also higher than profiles considered previously,

a fact which is resultant upon the finer texture of
the soil, The figures for soil carbonates are

again quite low,

The figures for cationic exchange
capacity range from 20.5 m/100 gms. at the
surface to 24.5 m. 1/100 gms. at' 25 cm. Calcium
and magnesium are again the dominant ions, and
this fact together with the low figures of soil
conductivity would seem to sugg@st that sodium

is easily removed from the soil profile.

From the point of view of
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total analysis iron and aluminium are again dominant. The data
for the available nutrients show that nitrogen is only
sparingly present whereas phosphate was much more abundant
than in any other profile studies. This is probably due to
the richness of the soil in phosphate bearing minerals rather
.than to any addition by fertilisation. The figures for potash

are average for the region.

Profile 8 - is a soil with a completely different pédological
history, compared with those profiles described earlier. It
represents essentially an alluvial soil which is developed in
the alluvium of a wadi bottom and it has been designated as
yellowish brown alluvial soil on accoﬁnt of its dominant

colour.

The analytical data shows several interesting
comparisons compared. . with Terra Rossa soils. This is by far
the lightest soil according to texture which was met in the
field study. The sand function is as high as 67% at the
surface and 66.4% at 25 cms., thus giving the deéignation of
sandy ioam. The figures for total carbonate are also high
being 30% at the surface and 34% at 25 cms. The fact that
these high figures are found in such light textured soil would
seem to indicate that there is quite a large influx of lime
from the surrounding Jebel. The Ph. is still slightly
alkaline at 7.3. Rather surprisingly the figures for cationic
exchange capacity are the highest so far met in the area,

being 42.25 m.1/100 grms. at the surface and 38.5 m.1/100 grms.
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at 25 cms. This is probably due to the slightly higher
organic matter status of this soil. Calcium and magnesium
dominate the exchange complex much more than in the Terra
Rossa soils and this is again reflective in the very low

figures for the soil conductivity.

From the pqint of view of plant food elements the
figures for total nitrogen are the highest recorded during
the investigation. It is still low hoever, being 0.24% at
surface and 0.12% at 25 cms. The figures for phosphate are
higher than average, but those for potash are relatively low.
This is rather surprising on account of the influx of moisture

which must occur,

Profile 9‘is the fourth example of a deep red Terra Rossa
soil and shows many similarities to those previously
considered. The soil is sandy clay in texture and in its
upper horizon as with other Terra Rossa is almost completely
decalcified with a Ph. 7.4. The data for the cation exchange
capacity is also very similar to Profile 2, and again calcium
and magnesium are by far the dominant ions on the complex.
Indeed the conductivity of this soil shows that it has the
lowest content of salts of all the red Terra Rossa. The
conductivity 0.77 millimhos/cm. at the surface and 0.63
millimhos at 25 cm. The total chemica; analysis again shows
the importance of iron and aluminium in fhe soil. From a
point of view of available nutrients the'figures 0.2 shows

the striking deficiency in nitrogen and phosphate already
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referred to, but the potash status is quite high for a Terra
Rossa soil. This is probably due to the relatively high

content of potasjium bearing minerals in the sand function.

Profile 10 is the only example for which:  analvtical data has

been gained of the shallow phase of the red Terra Rossa group.
It consists of one metre of Terra Rossa material which has been
accumulated on the Middle Eocene limestone. Again the soil
texture can be classed as sandy clay and again the soil
material has beeh relatively declassified. The Ph. of both
the surface and 25 cms,., is 7.1. Rather interestingly this
profile ‘'shows a higher saturation percentage. The cation
exchange values are similar to those deep Terra Rossas,
Calcium and magnesium are again the dominant ions. The
conductivity of the soil is 0.84 millimhos/cm. at the surface
and 0,69 millimhos/cm. at 25 cm. The sodium absorption ratio

is again quite low.

From a point of view of available nutriaets, a
similar picture is given compared to the Terra Rossa soils,
Nitrogen and phosphate are low and available potash is average.
It seems therefore from this éxamination of these chemical
analyses that within the top 25 cm. there is very little
significant chemical distinction which can be made between
the deep and the shallow phases of the Terra Rossa group. It

is likely that differences would occur at depth, but

unfortunately no analytical data is available.
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Profile 11 is an example of dark brown alluvium soil which

is developed in a wadi bottom 8 kms. west of Batta. It is a
sandy clay at the surface in texture and a clay at 25 cms.,
and it is iikely that this profile shows a wide textural
heterogeneity. It is noticeably true too that the silt
function shows quite startling variations in the top 25 cms.,
being 12% at the surface and 24% lower dowﬁ. It is also
interesting that this profile has lost all its lime confent,
a very intereéting contrast with the alluvial soil of Profile

8. The Ph. however is still slightly alkaline.,

Calcium and magnesium are again the dominant ijions
on the exchange complex, and it is noticeable that this
profile shows the lowest conductivity so far examined; these
are 0.62 and 0.85 millimhos/cm. at the surface and 25 cm.

respectively,

The most interesting aspect of the analytical
data, however, is that which refers to the available nutrient
status. It is worth noting that this is the only profile
which was not taken from a cultivated area and it is the
profile which shows the most complete and serious deficiency
in plant food. At the surface there were recorded 0.095%
nitrogen, 2.7 ppm for phosphate and 187 ppm of potash, at
25 cms. the figures were 0.084% nitrqgen, 3.9 ppm phosphate
and 121 ppm of potash. These figures illustrate the extreme

poverty of the soil as a medium for plant growth.
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Soil-Land Use Relationships

From a point of view of agricultural potential
indicated by a soil profile and soil analytical data, a number
of characteristic properties of the soils can be listed-and a
brief statement made on their effects on plant growth., From
a point of view of the physical properties of the soils it has
been already noted that the soils in Cyrenaica have a
moderately heavy texture varying from a range of clay, sandy
clay, and sandy clay loam. The clay contents are fairly high,
i.e. up to 36% of the total mineral function, but these
relativeiy high figures are generally adequately balanced by
a much higher sand content. Thus, the textures of the soils
afe relatively good from the agricultural point of wview, and
under favoured methods of cuitivation would be able to support

quite intensive land use.

In addition with these moderately high conteﬁts and
given the relatively high contents of aluminiuwn and iron
content, the structure of the soil also has inherent favourable
qualities. However, under the prevailing:intense Mediterranean
climate there is a strong tendency for extremely hard and
compact structures to form during the intense period of
dessication. The high content of colloids and sesquioxides
is likely to be highly affected by the climate regime during
the wet absorbent season and the soils are likely to be
absorbent in moisture and very sticky whilst during the sumner

drought they tend to break up into extremely hard clods and












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































