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Introduction

The United Kingdom of Libya is a constitutional monarchy
situated slong the North Centrel coast of Africa., It is
bordered to the north by the Mediterranean Sea and to the south
by Prench and West Equatorial Africa, To the east and west
it is bordered by Egypt, Tunisia and Southern Algeria respect-
ively. The three territories comprising Libya -~ Tripolitania,
Cyrenaica and the Fezzan - e¢over an area of about 1,750,000 km2$l:
they are separated by large desert areas which constitute a part
of the Sahara desert; extending eastwarde to the Nile valley
and weét to the Atlas meuntains,

Economically, Libya is an undeveloped country in the
widest sense of the word, Large numbers of the population live
outside a modern economy, In fact, asccording to the 1954
census estimate, over 37% of the population were classified as
leading nomadic or semi-nomadic modes of existence.(z) Moreover
the average annual per capita incame 1s estimated at 35 which
is only slightly higher than in India and markedly lower than
in the rest of the lMiddle East countries.(j)

The low standard of living derives in the first instance
from the poverty of natural resources, an undiversified economy,
and an overwhelming dependence on agriculture which is mainly
of a subsistence nature and subject to violemt and often serious
fluctuations in production,

Climatically, Libya 1s a land of extremes. Much of the
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surface area of the country is fomed by the ancient gneissic
and pranitic platesu of Africa which is slightly deformed on

the northern edge. Qtherwise the country is monotonously level
over large areas and thus it is open ¢o the penetration of air
masses of sharply differing origin, In winter Europeer air can
brinz snow to the northern mountains - the Jebel - of Tripoli-~
tania, On the other hand the inflow of Saeharan is merked by
rapidly rising temperatures and extremecly low hunidlty. The
hot, dry Ghibll wind blowing from the southern desert is probebly
the most devastating feeture of Libyan weather as the author
often had occasion to remember. dJust as serious to ggriculture
is the low and capricious rainfall distiribution which is only
mitigated by the existence of underground water supplies, With
such natural conditions agricuitural development is severely
limited.

It would appear from the writings of classical authors and
more recent archaecoclogical research that the agriculiural weslth
of the country was greater in ths past, Urder Roman occupstion,
it is recorded that Libys was a2 major exporter of cereals and
t0o a lesser extent of olive 0il and wine., But Roman colonisa-
tion was superceded by the invasion of the Vandals and pastoral
Arsb peoplcs whose culture was alien to sedentary agriculture
and therefore to the conservation of soil and water resources.

ot until the present century, during Italian occupation,
hzgs ary attempt been made to resiore and expand the possibilities
for static farming which Roman ingenuity hed shown 4o exist,
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Developments undertsken by Fascist Italy without much regard

to rapid financisl return, and by the Libyan government since
1945 have been significant in raising standards and yields.
Moreover it is now clear that the discovery of high quality
petroleum in commerciglly workable quantities over several parts
of Libya will change radically the financial situstion over the
next few years.

It is significant that these somewhat analogous periods
of development (Roman and(§0t5)'uere ac¢companied by immense
expenditure of economic snd human resources on the part of the
external administrations. At the same time the development by
the Italians aimed at coordinating the Libyan economy with the
Metropolitan economy. Unfortunately the indigenous sgrarian
economy was neglected. Thus when Libya achieved independence. .
in 1952 the government was faced with the problem of maintaining
Italian capital developments snd expanding the productive
capacity of Libyan sgriculture.

In terms of population and ggrieultural resources Tripoli-
tania is the foremost territory in LibYa. It contains about
69% of the total population of Libya and in normal years
contributes approximately two thirds of the total national
income. Agriculture gnd grazing are the chief features of the
economy; these employ at least 27% of the total working
population. Other occupations asre confined to commerce,
services, cdnSumer industries, military foreces and hendicrefts.

The mein crops produced are barley, olives, citrus, almonds,
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grapes, groundnﬁts and vegetebles; livestock products constitute
the most valuable asset. B

Tripolitania is administratively divided into four provinces,
(£ig.33 )3 Tripoli, Western, Central and Northern. Each province
is governed by a provincial commissioner. The provimces are
further divided into districts run respectively by a District
~ Commissioner (Ar. Mutasarree) and Mudiria under a Mudir. Sheiks
or chiefs of tribes are under direct supervision of the Mudirs
in the discharge of their duties in the ¢abila or tribal area.

" The economic and secial ties of Tripolitsnis in contrast
to thosé of the Fezzan and Cyrenaica have been ¢losely related
to North West Africa and the northern Mediterranean lands.
Commercially, Cyrenaica has traditional ties with Egypt.

Topographically Tripolitania consists of narrow littoral
vhich forms part of a vast sedimentary plain, the Jefara. This
triangular lowland is replaced inland by a line of hills, thé
Jebel, whose morthern boundary coincides with a scarp thet runs
from Homs gestwards to the Tunisisn border. South of the Jebel
is a stony plateau, the Hamada, partly of red sandstbne and. -
frequently overran by basaltic overflows, some of which. form
imposing highland ridges.

Theﬂgbutheén boundary of the région, Northérn_Tripoliﬁania,
is defined by the morphological limits of the Jebel. Where the
Jebel hills descend into the large south east end west flowing
wadis Meditefranean climate and Vegetational festures are re-
placed by those vhich are definitely Sahéran. Th{s_boundaiy,

DI
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vhich is transitional, also coincides with the junction'between'
the young sedimentary rocks and the much older rocks forming
the Sgharan platform.

Essentially it is the geographical ‘position of Tripolitania
and its low 1atitudé relative to the 'Maéhﬁéb.whichﬁlends
interest to the geographical stidy of the potentislities for
the olive and the attendantfpioblems of expsnding and improving
its production in this region.

Because of the border situation of the country and i%s
relative morphological uniformify Tiipolitania has formed a
region open to both envirenmental and cultural forees of diyerse
origing it is a zone of transition. Mediterrsnean influences,
climate and Europesn colonisation, have been dominant im the
northernApért of the country. From the east came the peculiar.
socio=economic phenomenon of the 'tribe’, the Moslem réligion B
end g pasto;al ecoﬁomy. The southern regions have contributed
an agrid cliﬁgﬂic regime and certain ethnic minorit& groups.

The olive, a classical plent of the Mediterraneen and of
the characteristic climatic regime, has played z fundsmentsl
part in the sedenterisstion and econtmic  development schemes of
the European colonists in Tripolitania. Opposing this develop-
ment have been the constant forces of the desért climatic
elements and the more temporsry alien pastoral economy of the
nomad. It is significant that the extension of olive cultiva-
tion and sedentary agriculture has been achieved by external

powers who transferred their technical and humsn resoirces from



-north Mediterranean lands.

‘But these historical circumstances which favoured the
spread of the olive have been altered by the fset that Libye
wes granted politieal independence in 1952; the indigenous
populetion was given the right to determine their futuré for
perhaps the first time in the history ef their .country.

.Although the greater part of olive 6il production at
present comes from Italian plantations and oil factories the
political climate does not.appear to be favourable to their
continued expansion. Therefore the main problem facing the
government is one of expanding and improving indigenous olive--
production. o . | o

The problem of expanding and improving olive oil production
presupposes a need for such developments in the light of the ..
present economic and socisl conditions. Although the terﬁgtofy
derives benefits from its historical associations and more |
amengble climste, it is an undeveloped region in the semse that
capital equipment is seanty, standards of living are low, and
the techniques of.praduction gre backward, Tablesf*"illustratéﬁ
the selient feetures of the economy.They; may be summarised as’
follows: | |

(a) The economy of the country is deficitory and relies for
its visbility on grants-in-aid from countries utilising
Tripolitaniats strategic position.
(b) Over 27% of the population are engaged in agriculture.

Since the country is poorly endowed with other mateérial resources,



Table =&
Distribution of population 1950%

Category Tripolitania Cyrenasica Fezzan Totzl %
Town (Urban) 150,000 60,000) 37,000 717,000 &2.4
Settled (Rugsgl) hso 000 20, 2000)
Seri nomads 150 Q00 60 4000 11,000 221,000 19.2
Nomsds 50 000 160 000 2,000 212, 000 18.%

Total 800,000 300,000 50,000 1,150,000 100

% 65.6 28,1 $.3  1do

® Source. Dr. ¥, Shewsny - Un. Tech. ass. mission in Iilya.
For %gizan 4 power Commission for former Italian Colonies,
Ole .

Table b

%

-  on) 1954 Census.

Services 238, 291
Agric., forestry

Hunting, fishing 160, O4é
Hanufacturing - 26, o35
Commerce - 10,
Transportation - --h, 304
Storage communicstions
Construction -3, 929
Electricity Cas - 377
Water, sanléa
Unclassified -B+5. 119

Totsl 579,905

Tgble e
&E/S 5 % %g _35%
1945/5 -1~7% l9h9/50 2%
1946/7 11% 1950/51 (9 months) «8.5%
1951/52 «15%

Note: National income varies from year to year. In 1950 s
normal year, natlonal incoms was estimated et about £10 millionm.
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. wvith the exeception of oil, which could affect and stabilige
‘the fluctuations in sgricultural production, standsrds of
living are continually being depressed. . Whilst thé.possibilio
ties of commiércial oil development become incressingly likely
and may reduce the role of external capital assistsance it seems
likely thst agriculture and 1ts ellied consumner industries will
remain the mainstay of the economy.

It is evident therefore that there is a need for the
stabilisation and expansion of agricultural production in order
that stendards of living may be improved snd the present gep
in the balance of payments, only reduced by foreign zid,
dimingshed. This need has been experiénced throvughout the
Arab world ané 1t has been precipitated by the transformation
of Arsb conservatism accelerated by 1ndependence.

The fact that Tripolitaniz lies between Tunisia and Egypt,
more prosperous neighbours, iS'aléo g constant spur to progress.

Ehe’prgblem of agricultural development in the reglon is
tuwo-fold. In the first place there are certain technical and
economic difficulties for sgricultural production in a2 semi-
erid environment vhich is aistinetly-marginal for masny crops.
Secondly, there is the problem of thesdaptation of rural society,
for long governed by custom, to modern agricultursl practices.
These two are ine¥itably iaterrelated and only the $91Bﬂion of
both cen bring an advenced social and ecopdmic stabus to the
country alongside its Arab neighbours.

It is necessary to stress the favoursble atwosphere at the
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present time for agricultural development. This is z result

of severzl factors, paliticai'inde@endenc95:the-changing esonomic
position due to eid from e£téfﬁai‘po@§rs end the discovery of
oil.

The wealthier indistrial nations, especially U.S.A. are
devoting much 6f their énergy and resources either di?éctiy oz
through United Nations asgencies, to méeting the-eépital ahd
techmical neéds of such undeveloped countries. Moreover
government policy is heavily weighﬁéﬁ.in5favour of agrieultural
deVelopment.

In general the fields of agriculture offering good
opportunities are there which are already significsnt in foréign
and Gomesticé trade.

The olive is ome of the basic subszistence and cash crops
of both the Italian &and Libysn rural communities; olive products
control to & large extent the volume of exports znd zre staple
in the dlet of Libyen, Italian and Jewlsh segments of the
population. Gonseqﬁently maeh of thée land, water ané éapital
regources of the countzy sre tied up inm the cultivation of the
olive and the producticn of oil.

The rural populstion, excluding the more capitalised
commercial developments of the Itallans, remains to a large
extent in € self contained econony. They are on the whole
independent of the market and their standard of living fiuctuates
rather wvith the outcome of the crops than the development of

prices. These short term fluctustions in production are
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detefmined by environmental factors, in.particular dliméte which
is the lezst controllable.

- Another problem fazeing agriculturel development in this
region is theiaegelegaﬁéd pace of urbenisation. Thig is in:.part
due to the.devaiépmenﬁ;bffﬁriﬁﬁii as the commercial esnd edminis-
trative capital ef'Libyég-bﬁ%-aisé ﬁherﬁraijéépﬁﬁﬁlatian-which“
is svelled in'd;eughﬁ yjears. Bural migrastion has been stimilsted
by urben devélopments on' the chast, end the breakdownis- of the
tribe.  The sbandontient of land and the shortege of labour ere
bedoming scuté problems in meny parts of the Fegion.

The problems of expanding and lmproving elive oil produc-

- tion are related to the many problems posed by the environment,
the segmentation of Libyan and Italisn agricullire and the
raising of livirg standards.

Where so many fackors ere involved both énvircnmental and
cultursl, in a fundamentally agrarian probleﬁ-ﬁhe author believes
that the imost rational approech to 2 sfudy of them isg geogréphicsl.

The bases 6f agsegsment for the improvement of olive
caltivation and increéased oil production zre therefore several,
environmental, hisborical, soclal, economic snd political. The
chapters in the thesis correspond broadly to these critéria.
#iany problems, other than those concerned solely with the olive,
have been briefly discussed snd provide scope for furthér
researeh. The following topices would bear fuller investigatioh;
rural depopulation, land use and water supply, role of dutside

gssistance in an undeveloped country, problems of agricultipe
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in a marginal area, snd £inall§ the 1mpact om agricnlcure of a
stable and expanded economy. 1

The author found research in Libya a challenge' the size
of the country, difficulties of travel in the interior, a trying
¢climate and theﬁggabic language appeared at first insuperable
obétacles'but'afééﬁﬁseveral months acclimatisation te the
envﬁionment aﬁd pace of life some pﬁogréss wﬁs ﬁa&e and the
foregoing chapters sre a synthesis of all infdrmation gathered.
Chapters 16 have been compiled from a variety of sources,
documentary, personal interview and observation in the field.
The discussion snd conclusion in Chapters 7 and 8 arise mainly
from fieldwork=carried out by the suthor. Because of the
vastness of the region much emphasis has béen §laced_upon the
teeﬁhigue of sampling in the field or by questionnaire.

| A brief summary af the chapters appears below:-.
Chapters 1=3, Geology, Morphology, Solls.

In the first two chapters s reasoned account is given of
the distribution of rock types and morphological features.
These are ¢losely correlated and the distribution snd accessi-
bility of water resources which are of fundemental importance
to sgriculture and 1iand settlemenﬁ. Existing and potentigl
sités for aboriculture are examined.

An gttempt has been made in chapter three to classify
Tripolitanian soils since thése have hitherto received only
incidentsl treatment. The significance of the hhyéicai end

chemical nature of these soils is znalysed in relation to
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their efficiency of water use .and crop-suitsbility.
Chapter %, €limate, Land-Use and pWater‘ Resources

A gingle chapter scancély"séiégécﬁb"emphasiseuthé-imporﬁance
of considering the olive with régard t6 climatic éxigencies and
the availability of moisture. The pature and dont#dl of
precipitafibns témperature variations and other ¢limatic elements
over land use, crop distribution and agiicultursl developmént
1s carefully examined in order to determipe the most rational -
use of land. A land use map based on previous surveysfaﬁd
fieldwork, araphicqlly illustrates thé effect of the interaction
of these phenomena on the landscape. '

The causes and effects of soll erosion and theé necessity
for water conservation are briefly diseisssd. ‘It is argued
that the tree crop and the olive in particular has a major role
to play in the rejuvenation or consérvation of areas afflicted
by loss of soil cover and moisture depletion.

Chapter 9, Ecology of the Olive.

The mein object in chapter five is to detérmine hiw for
local conditions - climatic, edaphic, topographic and biotic =
gffeét the productivity of the olive. ' ,

Théerefore the distribution, density, prodictive phases and
yields of differing varieties were ssudied a’nﬁ compared with .
other leading oil p?éducers and competitorsyin the Hediterranean.

How far modes ;f 1iand use influence yiélds, and the pboduci.
tive phases of the tree, provides an important corollary to the

previous discussion. FPinally, on the basis of varying ecologlcal
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and cultursl faciors sevéral éiive growing regions are defined.
In each the possibilities of intensifying or expanding the
ééultiVation of the olive ig:assgssea.

Chapter.6, Evolution of Olive Cultivation.

In order to explain the apparent decadence of aboriculture
tn the presént century compared with the zenithal period during
Roman times it was necesssry to retraée;the éevelépment of the
culture since its inception by the Phoenicians. Accordingly
~ the sequence of occupation and changing land systems are
examined so that the evolution of existing méthods of abori-
culture can bé appréciated. .Whether the dec¢line in olive
eultivation.and.Sedeﬁtary sgriculture should be attributed to
climatic chengé’ or nomadic pastoralism poses an interesting
problen.

Italisn and 1ibyan systems of arboriculture are compared
in the light of the envirommental, econonic, socisl and political
factors affecting their evolution. The superimposition of
different cultures, Roman, Arab, Turkish and Italian is reflected
in the modes of land use and tectmiques of arboriculture but
the landscape moseic is incomplete since the abid erosion
elements have been quick to exploit any slight irrationslity in
man's gpproach to land use a2nd resource conservation.

Finally the chenging nature of Libyan end Italien agrarisn
societies is discussed. Major transformations and siight
adjustments in agrarisn practises end attitudes tb the land are

a result of broader cultural contacts which have developed
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since Libya achieved political independence.
Chaptar 7, Systems and Teehﬂﬁqués ef EliVe-Gultivatien.

Chapter seven 1s primarlly devoted to & geographic and
economle: analysis ef prevailing systzms of olive ecultivation.
Porm samples,; field observations and guesticnnsires have yielded
valusble up=to«date inicrmation on the use, economy snd
viability of present farming systems. ILibyan and Italian
metheds of prowing olives arce cempared in relation to environ-
menﬁ%‘soci§§y and wealth. In this way, amongst other things,
it is-hope&mﬁo'deteimine the most rational systems of arbori«
culture and at the samé time sssess the effect of warying -
techniques of culﬁivﬁﬁion on the gquality, quantity &nd regularity =
of o0il production. ) In guch an 2rid anvironmernt the value of
irrigstion is emphatically demonstrated. Fipslly the role of
the olive is investigated iy considerstion of soil and water
conservation and cropping s}stems.
gﬁagggz_§5;01iVe 0i1 Industry and Commerce.

The concluding shapter is concerned with %he status of the
0il industry. Many of the ailments of eolive growing in
Tripolitania - low grade of oil, poor yields and irregiiafp
production = are thought by the suthor to be partially a result
of the backwsrd and incoordinsted nature of %the industry.
Sample studies provide a good cross section of existing oilive
processing industries and thelr degree of specialisation:. A&
comparison dﬁ these industries on a purely economic and

technological basis is unsatisfactory since such factors as the
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density of population and trees ultinmately effect the value
of each type of process. The marketing systems and trade in
olive products provide a final topic.
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* CHAPTER I
Geology, .=f7% Structure and Groundwater

An exazination of the geology and structure of Northern
Tripolitania is relevant to this study of arboriculture since
they exercise a marked influence directly on the soil, water
resources and morpholbgleal evolution, ihdireetly on -the
climate and botanical response. They are therefere basic to
the distributlon of rural settlement and sedentary agrlculture.

The examination will 1nev1tably suffer -from generalis-
ations owing to the vast size of the area, the incomplete
‘exploration, and the fact that much of the strata is maekeé
by a varying thickness of loose Quaternary deposits.

However, following closely Christie's work in the Jebe1(4)
it is possible to outline the salient featuree of the strati-
graphy and structure. The general'theery of evolution of
Northern Tripelitania; which is commonly accepted by most
authors, can be outlined as Pollows: li is dependent on the
view that the disposition of the Jebel mountain range is
intimately related to0 the surrounding lowland areas and in
part has determined their extent and orientation.

The Jebel, as a whole, is regarded .as the remnant south-
ern limb of a vast domed anticline aligned northewest - south-
east whiéh was uplifted by & late Cretaceous orogenesiSs The
anticline tilts to the south-east where it is replaced by a
complementary synclinal trough, it was probably centred in
the vicinity of Azizia in the Jefara.. A Post-Cretaceous
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epéirogenesis resulted in the downfaulting'of the northern
limb.to form the Jefara; this was later covered by Miocene
éﬁd Quaternary deposition. - Post-Miocene uplift determined
théuciéationjof_a-large spur, in the. extreme north-east of. the
Jebel.aroﬁn& Sciogran. . Subsequent Quaternary. erosidn. and .
.déposition has been responsible for the formation of an .
extensive mantle of loose terrzin over the.Jebel dorsal.

‘Esgentially, therefore; the region. is constituted by .a
solid substratum overlain by a mantle. of loose terrain of
varying thickness and derived in part from .the erosion.of the,
‘formers
Solid Geology.s

The stratigraphy is reasonably well known and appears to
be simple although there are one or. two controVversies regard-
ing non-sequences which have been detected in. certain locel=-
ities;- The majority of rocks exposed are sedimentary and
predominantly. marine limestones.

The total thickness of the strata as revealed by well
borings in the Jebel at Garian is about 684 metres and consist
for the mosf-part.of linestones, sandstones, and clays with a
generally uniform horizontal bedding which dips gently to the .
south and south-eést in conformity with the main structural
frends@ FPig. (2a) shors the distribution, (2b) is a cross
gection of the Jefara and Table (I) fhe‘stxatigraphical
succession,

The oldest formations, the.ﬂriaBSic,.are-eXPOSed at the
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base of the Jebel and in isolated parts of the Jefara near
Azizia from which much of the Cretaceous strata has been

erodeds.

Stratigrap!

I. |[Iriassic

| -.The-Tridssié strata is. the lowest stratigraphibally'and
therefore the omieet formation exposed in Northern Trxpolltania.
It hes been found to underlie the whole of the Jefara up to

the Jebel front and is best exposed in the vicinity of Azizia
where it reaches a maximum thickness of about 144m's; The
lowest 34m's forming the Boutoniere formation (Werfrenian of
Christie) is mainly composed of dark red micaceous sandstones,
silty clays and lesser beds of narrow carbonate bands:

' Above these beds lies the Azizia formation (Muschelkalk)
which attains & thicknesg of 110m's constituted by resistant
grey and pink limestones or dolomitic limestenés which contain
narrow bands of chert nodules. They &are reponsible for the
residual hills which outerop in this part of the plain and
disrupt ite relative uniformity.{ iz Ja
Il. Jurassic

- The Jurassic strata appear to lie directly on the
celcareous beds of the Middle Triassic¢ at the Jetel foots
They appear again in the Jefara adjacent to the ;riassic near
Agizia. They are the oldest exposed formations in’ the Jdebel
and have a total thickness of about 320m's in the Jebel front

area to the north of Garian. The Jurassic beds, together
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with the overlyihg Lowef Gretéégbus} show much lateral varia«
ﬁibn in composition and thickness. In gemersl they thin
%Swards the eéét of Garian énd thicken Wés£Waras; Théfe éré
.3 Series in the Jurassici-
i. Bir el Ghnen Group
More than 100m s of the Bir el Ghnem group 19 expcsed

at the foot of the Jebel north of Garien. Theseé beds are
charaeteriled by a predominance of white to grey gypsum.
lelser interbeds of grey 1imestone and minor sandstone and
c;ayf Where the terrain is underlain by gypsun 1t forme
distinctive small rounded hills of almost ﬁnifbrﬁ'éhape and
gizes  Christie op. cit. determined that the gypsum beds
gréded e2stward into the Bu Gheilan limestaone and Bu Sceba
groups:
iii Bu Séeba Group

' The Bu Sceba group is composed mainly of cross bedded red
to brownish sandstone snd small pebble conglomerate, white:
sandstone and a2 considerable thickness of red.end Ergen clays
in part bentonitic, and a minor amount of gypsum. It 18
only moderately variable in composition and thickness. The
best exposure of this group is found in a wadi to the north
'Gf'Garian-where it attains a maximum thickness of 165n's out~
eropping above the Triassic: Here it forms the lower part
of the scarp. To the west it grades, in part, into the
gypsums
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" 4ii. Bu Gheilan Limestone .

The Bu Gheilan limestone is about 55m's thick at the
base ‘0of the scarp directly north of Garien and is .composed
.of 1light grey to light brown limestone and dolomitic lime=
.8tone,. The lower 20m{s of the section is much fractured
.and recemented to form a breccia. Christie relates this
phenomena to the occurrence of earth movements during the
-deposition of the limestone. In the upper part of the
formation a notable amount of chert forms a resistant band.

The gradual thinning eastwards of the limestone may be
attributed to a depositional rather than an erosional action.
In the scarp zone north of Tarhuna several :small outerdpe
~ occur but further east this formation is masked by the thick
Hiocene and Quaternary deposits. To the west of Garien the
Bu Gheilan limestone passes into the Bir el Ghnem formation
and ie probably represented further to the west by thinner
separate limestone beds and in the thicker gypsum series.

" The stratigraphical correlation of the Jurassic series
in the Garian arez with the Jebel areas to the east and west is
difficult owing to the sparse outcrops to the east, and by the
almost total lack of informatiom for the western Jebel.
However, a well boring examined by Christie to the north of
Jefren, which is on the margin of the western Jdebel, revealed
that the contact between the Triassic and Jurassic occurred

at a depth of 13%1m's. In the above 88m's the strata was
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'”ébmpdéed-of gypsum,-redisandstane and red and green shale
and mudstone; similar lithologically to the Bir el Ghnem
group and Bu Scebs groups that outcrop in the vieinity.

- fWihen the total thickness of the Bir el Ghren’ series,
'which succeeds it is added, the Juragsies in this pert of
‘the western Jebel appear ratber thick, at least 200 metres.
'CrétQCEqué - |

' ' The Cretaceous system is flat lying and reaches its
maximum thickrness in the Jebel thimning towards the  south
and . south south east:. This area according to ﬁibparini‘S)
maiiced’ & circunilediterraneen trough'and’wasICOnéequently o
" thé region of maximum marine sedimentation. A later
orogenesis formed the anticline. The lower Cretaceous
1y7ing unconformebly on the Jurassic beds and represented by
Wealden and Albian was a continental phase prior to thé
exténsive Cenomanisn marine ingression of the Middle
Cretaceous.
Wealden (Chicla formatibn) .

At Chicla, a village, which liés on the scerp to the
north-west of Garian, the exposure of Wealden beds was
verified by the collection of fossils from a lignitiferous
shale band of about 1lm thick. Above this is exposed 21lu's
of send sandstone, clays and marl. This shale band has
subsequently been traced at CusSabat in thé eastern Jebel

and by Bernet(s) at Fessato in the western Jebel. North
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-’0f Gatian en exposure of about 65m. eonsistéfdqumqll pebble
conglomerate; sandstone and .clay. There are no great
exposures east of Garian as the strata is soft and eﬁsi}y
erodeds . West of Jefren however the ﬂormatian§inc:eaéea in
. thickness though this may be because of the addition of
continental formations of Albian age. Wealden and Albian‘
beds underliie the Jefara south of Suk es Sebt.

Cenomanian _

- The great Cenomanian marine transgression has been traced
as far south a2s the 29th parallel in Tripolitania. Inllower
Orfella, however; which lies to the south.east of the Jebel,
_-the Cenomanian:gives way tc later Cretaceous sediménts of

( lbld5 .

the Campanian and Maestrichtien ~ This junction alse
marks the southern culmination of the -Jebel anticline and
the:limits of the regions.

These mdrine formations lie unconformaebly on the Wealden
but are overlain in the extreme eastern Jebel: by the Miocenes
In the:'vicinity of: Garian they reach & maximum exposed thick-
nesé of about 224 metres and appear of relative;y,eonétant
thickness. and composition to the esst and west.

According to the lithological variations Christie
recognises three formatione in the Jebel -at Garien which
séem to recur throughout much of the Jebel..

I, Ain Tobi Limestones '
The Ain Tobi limestone forms the base of the series and
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""‘is one of the most widespread and constant formations in the

. _Central Jebel where it has & maximum exposed thickness of

- 79m"s. It extends with little change west of Jefren and is
similarly conspicuous near Tarhuna but is only exposed in the
scarp area which lacks tﬁe overlying marl and detrital cover
© 0of the plain arezs to the souths

An impo¥tant constituent of this limestons series is the
- Ichthyosarcolites band which is composed of Sm's of hard
-maséive-limestohe and owes its .durability to its siliceous

. 1imestone or chert content and also to its massive structure.
This band is respomsible for the sbarp angle of the escarp-
-ment to the north of Garian and Tarhuna.

Below this band, in theée type section north of Garian,
is the base of the series formed by grey white to buff marly
1imestone commonly porous with e minor amount of interbedded
more argillaceous material: A similar 16m’s sec¢tion of
limestone occurs above but with a greater percentage of
argillaceous limestone beds. The upper part overlying the
5m band is mainly composed of merly limestone.

I1; Jefren Marl,

The Jefren marls overlie the Ain Tobi limestone in the
Garian area with apparent conformity amd comprise. about
80 metres of soft,, easily eroded; marls; clays silts lime-
Stones and commonly contain a 2m band of almost pure gypsums
Over the rest of the Jebel exposures are poor except in

northern Tarhuns where the marls sometimes form residual
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corniches on top of the Ain Tobi limestone.

 111, Garian Liméstone

” - The Garian'limégtone;is,ane-éfﬂthe nost resistant and'.
therefore conspicuous formetions in the area and underlies
rnost of the dorsal plateau of the Jebel:. = It commonly forms
a resistant cappinglover'the Jefren marls which result in
subgidiary searp features. The limestone is a massive
looking;: crystalline dolomitic limeatonegtthat'is.geneially
siliceouss = Christie’s type section occurs south=west of
kGarian where the measured. thickness is 55m's: ”Bernet(ibiaf§)
.has found this limestone capping the summits of the western
Jebel in the area of Cabao with e thickness of 50m%s; in
‘Passato however; although it remesins a constent thickness,
the.Garien. Linesatone is overlain, by what Béernet.calils a
gypsun leyer; having & thickmess of about 2% metres:’

The Carian limestone is characterised in fhe lowest 28m’s
by massive white limestone in which veins of calcite are
common; The upper 27m's forms & well bedded white iimestone
which contains bands of white cherts

Together with the IcthyQ@arcOlites band of the Ain Tobi
Limestone. the Garien limestone is responsible for the abrupt-
ness of the Jébel scarp in.the Gariem area (Plate I):.
Cenomenian = Turenisan,

In the Garian aree Christie détermined the exposure of .the

Gasr Tigrinna formetion corresponding to the highest and
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: yaun gest of the Pre-Qusternary sedlmentary rocks; but this. .
;ormatlon is absent towards Tarhuna. - West of Jefren it is
f:"c;:sﬁ‘nsr'fl::i'.'l‘:xr!:ed-'lny'e.»gyp.suzzr-ILaart-:r't-*:h:lczl'.i i8:1liable t6 erczion,
and “thins westwards: being 25m's. 2t Passaeto snd. only lﬁm*

4%’ Cabao and in-several places-it is ebsent altogetherg- »::

Séuthweast: of  Garian at Ggs::Tigriﬁnafthe.fqrmaxioﬁ1ia
éomposed-of et least B7m's of soft merl,. lesser, narrow red
anid yellow limestone bands, snd &t the: top a considerable .-
thickness of whité, porous, chalkyalooking~limestoneads=i@
ufide¥lies the fertile lend of the Asseba plein end in part
the farming settlement of Tigrinne. In the western Jebel
it undeérliesy likewlse; the cultivated. landscape. (Plate II).

© The.Sénonian according to Lipparini (ibid’ S)represents
escillating phases of the régreséi@ﬂ ¢f ithe: Cenomanian sea
during and after the formation of the Jebtel anticline.
These sedimentariés are only exzpesed in the great wadi
region 10 the south=east of the Jebel (The. Chible) end form
an %rc.(the remnénts of ‘e pericline) around what is believed
to be the culmination of the anticlineé.

Besentially; the Seménisn is forméd by a phosphate bearing
bed (Campanien) overlying the crystelline limestonsé. of the
Cerémanien unconformablys Above this bed is a thick formation
6f. chalky calcéareous marl (Meestrichtian)s

- Zertiarys

The Eocéne ‘and Oligocene of the Tertiary are not
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represented ir Northern Tripolitenia but cover much of the
Sirte'area 410 the soutbeeast where they present 2 marine
facies. At this time the continental and fluvial ercsion
of - the ¥esozoic sediments waes in operation. Thus, during
these two periods of the Tertiary, the deposition of the
importent "Gefarico? beds were in formation.

‘Gefarico® oAk

These Pré<Miocene sediments dre petregfapﬁi%&ly related
to the later fluvial and aeolian deposits of the ar;m'ate::-na,aa-y '
being derived in part from the erosion of tleJébel. They
cccupy much 6f the piedmont zone of the Jebel scerp together
with the Quaternary sediments. To the¢ morth, the *Gefaricot
descénds to 2 depth of 162m's ét-Suk es Sedbt, to underlie
the Miocene. Here these beds attain a thickness of 78m's
and comprise an upper layer of fine argillaceous sgnd with
a zone of cementation and below some 15m's of pebble conglom~
erate. These beds of varying permeébility.have a marked
influence on the circulation of growndwater in the Jefara; -
sineé'they act as catehment zones for run off water from‘the
Jebel. Nearer the pledmont zone of the Jebel the Miocene
beds are lacking and it is more difficult to differentiate
the 'Gefarico'! beds from the superficial Quaternary sediments
whiéh overly them. At Bir es Sbea in the Jefara the total
thickness. of "Gefarico' and Quaternary sediments amounts to
aﬁqut 99m's outcropping at the surface. = The 'Gefarico* is

probably répresented in the lowest 57m's where the presence
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of calcareous gravels snd pebble conglomerates is indicative
of the more intensive fluvial ercsion in the Pre-Miocexne
period when the Mesozoic sédiments were denuded from the
Jefara. -The mesking of the Jebel scarp morth of Cussabat
mué£ 2lso bej in part, a function of: the formation of the
YGefarico® sediments.

The depth and thickness of the Gefarico varies over
large areas; generslly thinning from north to south over the
defara with a maximum thickness nesr Suk es Sebt.

:Mioccene

The distribution of the Miocene sedimentaries in.
Worthern Tripolitania is only partly kmowns Deep borings
have proved their existenceé under the Quaternary cover of
the Jefara but the only exposures ocecur from Gasy Chiar’
easiwards along the Jebel front; in the more incised valleys:
and on spurs and slopes of the Jebel flenk surrounding Homss:
HMost of the Italian-maps represent the Miocene as ending just:
to the south of Foms where it is replaced by confimentel
Pliocene deposits. However G.O.T.H.A.'géblogists(7) have
traced the Miocene in the valley of the Wadi Caam well %o
the esst of Homs. Its southern extension still zmains
ﬁﬂknown. :

Phe Miocene depoeits represent a phase of marine trans=
gréssion.evaf Northern Tripclitania,; mcre particularly the
northern Jefara and the easterm f£lank of the Jebel which

Lipparini believes to have been much lower than teday; being
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uplifted by Post-Miocene movements. In the Jefara the
southern boundary has been traced.heneathﬁhe_@uatennary
_.eover. It runs from Gasr Chiar, where it is 2-3km's from
‘the Jebel scarp westwards to Azizia some 26kn's north of the
‘searp. Thereafter the boundary becomes less certain ﬁut
passes to the north of Bir el Ghmnem, |

_ From well borings it has been.&educed.thgt the HMiocene
 increases in depth west and south west of Gasr Chiar. At
Garebulli it lies 28m's from the surface. Further west at
Hascian the Miocene is found 71.5m's below the surfaces
Thus; it appears that this formation lies'assymetricaliy
under the Quaternary covers

The total thickmess of these sediments is approximately

56@@‘5 which grades no;th*to south from argillsceous and
_éandy to conglomerate, identified in the well at Suk es Sebdt.
Archambeult‘®) and Desio(?) have subaivided the Hiccene in
the Jefara into B}age groups. Prom the top the series is:«
1. Yellowish-white; porous limestones containing Alveolines
which identify this formafion as Tortonian. It bas a maximam
thiclmess of 80m's,
II. Very fossiliferous clays and green marls with inter~
calation of greenish sandy limestone - maximum thiclkness
400m*s - Helvetien.
III. Sandstones or whitish quicksands sometimes ecntaining
gravel and shingle .- maximum thickness 80m's < Langhian of

Italian geclogists correspénding to a phasz between the
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Burdigalisn afdHelvetian.

By using Florida's resiis in the Homs area(lo) it is
possiblé to correlate the Miocene beds of the Jebel with
those of the Jefara. The total thickness of the Tortonian
amounts to 89m's and is well exposed at slopes of En Nab where
it outerops as a white limestone. The Helvetian, comprising
an upper 70m's of sandy marls and below 50m's of crystalline
limestones and sandstones, is visible on the slopes of the
Mergheb (Plate 111 ) and in the wadi Ghenima. {ii- .. .. ...

The composition and distribution of the Miocene formations
have been of great economic significance in the evolution of
agriculture and rural settlement. - .

The Miocene clays, in the Jebel have been almast
exclusively excavated for the comstruction of cisterns;
storage silos troglodyte dwellings and subterranean olive
presses (Plate.III); Some of the best se0ils are found where
the clays have modified the essentially sandy Quaternary
formations. South of Misurata and in the Jefara the exist-
ence of porous strata alternating with impermeable elays has
determined the distribution of deep seated Artesian acquifers
which have been exploited by Italian farmers.

Fliocene.

The Pliocene is largely represented by a continental
facies; sandstones, aeolian siliceous elements and cemented
limestones; and fluyial conglomerates cemented in conoids

and terraces. Ezst of Homs it is readily identified as it
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overlies the Miocene and constitutes an eastern prolongation
0f the Tarhuna Jebel scarp. Thereafter it swings to the
south-east at Misuratae and forms the scuth-western margin of
the Sebka of Tauorga where it is found as a cemented conglom-
erate in. the Wadi Soffegin. South from Homs and Zliten the
Flioéene covers in part the Cretaceous beds of the northern
Ghibla syncline,; in the region of Bir Dufan. Here the beds
are composed of silts and sandstones,

In the Jefara the Pliocene ('Gefarico'-Post Hiocene) is
petrographicaliy similar to the overlying Quaternary deposits
ép&etberefore not easily distinguishable. However the - : .
~r;re§ence of a Tyrennhian marine facies inthe lower beds of
thehguaternary is a useful indicatorof the chronology.
Iipparini‘1P38 5)gursequently describes the beds below: the
Tyrrhenian as Pre-Wurmian end Plioceme which at Suk es' Sebt
reach a total thickness of 69m's overlying the Miocene.
Volcanic Rocks

The Igneous rocks include extensive flows of basalt,
emall cross-cutting intrusions of basalt and larger intrusions
of phonolite; they are distributed over the Jebel and the
Ghibla roughly in a line from Garian to Beni.Ulid.

The extrusive basalts constitute a massive hill area
between Tarhuna and Uesctata inthe east, Tarhuna - Garian in
North and Garian - Tigrinna in the west. Here the maximum
altitude in the Jebel of 925m's is reached. This mass is
profoundly incised and appears to thin rapidly at its outward
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‘edges where it is commenly 5-10m*s thick. - Since these
basalts flow down: seversl wadis in thée area overlying a
calcareous crusi their ggé is assumed to be sarly Quaternary
or:-late Pliocene. These basalts and Phonolites are aligned
elong the axis of the tectonic folding, north-west - south=
east, _

The phonolite is a much more acidic rock than the basalt
énd less_densecﬁﬁtzwhereas the basalt is liable to fracturing
and less exposed-these intrusives are well exposed resistant
masses; in the Garian area. They produce dome like struet- -
ures in the area of intrusion around which the sedimentary
formatiqns dip more steeply.

Strnicture

The solid strata in the area of greatest exposure has a
maximum thickness of 634 metres but is about 350m's in the
eastern Jebel and less than 500m's in the wests - All the beds
are nearly horizontally disposed but there is considerable
variation in:their lateral and vertical lithology. In the
Western Jebel the beds are almost horizontal with & scarcely
perceptible dip of 1% to the south. In the eastern Jebel
however there is a dip of about 5° to the south near Tarhuna
and ‘stronger inelination of ebout 12° in Msellata more to the
gsouth-east. The streta on the Jefara is practically horizont<
8l dipping gently south a2t first but changing te the noith
near Azizia. The Miocene beds as we have noted incérease in

depth from east to west over the Jefara and this can be



aige
attributed. to the depositional impediment offered by the
eastern flank of the Jebel,

-The limited exposure of the Jursssic series in the Eastern
Jebel corresponds to the plunging of the anticline from.its
culmination in Garian.

.There is éonsiderable evidence that front faulting and
the advanced fluvial erosion of the Jebel have produced many
discordances and.discontinuities especially in the Jefars and
Jebel east of Garian. Two predominant fault directions heave
been verified by several authorities: east-west faults running
~ parallel to the Jebel scarp: these are prominent in the
vieinity of Azizie and bring the lower Cretaceous beds and
Jurassic into lateral contact with the Triassic. North-west -
souxhaeasﬁ faults: these are the major faults. in the Jebel
and influence not only the hydrographic pattern but are
responsible for the exposure of several spring lines in the
eastern Jebel. _

The volcanic rocks are roughly aligned. in. a north westerly
direction to the north of Garisn along the sanme axial-directien
as the north-west- faunlis. Several small dome structures.
occurring in the central Jebel appear to be related to the
injection of small igneous bodies. The fact that the Garian
limestone descends.from high in the Jebel to the Jefara
suggests further the north-west trend:ng flexure.

Quaterna;x and Recent
:' Quaternary and Recent sediments are in evidence over most
oé the region but they displey significant local variationg
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in iithology, thickness“énd disposition: they mask large
areas of the Cretaceous strata of the Jebel and the hinter-
land, and the Triassic and Cretaceous substratum of the
Jefara: (Plate IV). This mattle serves to sofien the
highly accidented relief of the Jébel and provides the
base from which the soils have been developed. In the
piedmont zone of the Jebel and the plateau itself and
similarly in the northern plain areas, the generally permeable
nature of the Quaternary permits the percolation of rainfall
and run-off So as to enhance groundwater reserves; on the
| bnéxhandg and on the other to create an accessible zone of
goisfqu for deep-rooting plants. The distribution of the
Quaternary in the Jebel where broken terrain and rock over-
crop.are limiting factors is of special significance in the
siting of Italian plantations and Libyan tree culture.
Chronology

The origin of the Quaternary deposits is only partly
known but their occurrence is intimately related to
alternations of pluvial and arid climatic cycles consequent
to the oscillations of the middle and upper Pleistocene in
Burope to the north. Nothing has been traced of the lower
Pleistocene from which I.:’l.;:»panz'in:l(:'i'bid 8) concludes that the
continental f£illing up of the northern plains must have been
active enough to impede the first eustatie moveéments of the
Quaternary. .EostaMiocene.uplift must have aided this

impediment. A later eustasy (Tyrrenhien) did however



penéﬁraté inland following the direction of the Miocene "as
far as Suk es Sebt in the Jefara.
The: chionology of events during the Quaternary bhave been

clarified in a recent publication by ButZer‘ll)

as a result
of the invéstigation of Quaternary cave deposits in Central
and. eastern Iibya (See Table 2! below). These are corre-

lated with similar information in the Middle East.

" DABLE 20  Climatic Chromology of the Quaternar
(Holocéne | 150mn’s | | Arid
Recent (BEarly Holocene  300ma‘s Pluvial.
2Late & Main Wurm 200mz's Arid
(Interstadial . f c
. - Early Wuarm 300mm*s Iuvial
Quaternary (Rigs/wurm 200mm"’ &  Ariad
. (Riss 400mm*®s Pluvial

(Mindel/Riss ‘ 200mn®s | Arid.

A striking feature of the Quaternary is the relat1vely
higher rainfall than at the present in the southern desert
reglona such as the Jebel Soda from which in part the table
was compiled. However the arid and pluvial cycles are well
marked by wide deviations. ‘

In general the pluvial éeriods were characterised-bj
intense fluvial activity feéponsible for the diséeetion and
denﬁﬂatiOn of the cretaeéous strata of the Jebel antiqline
and its subsided limb with both the formation, in situ, of
eréded:material and the transport to base levels in the

surrounding lowlands of the Jefara and Ghibla. On the other



hahd@=during.the arid-ée}iods,-aéoiién erosion and deposition
Of'the unéonslidated flﬁvia1=materia1 was domineant, Strong
southerly winds carried fine loess-like material from the
Ghibla and the desert to the more humid north where deposition
took place extensively over the Jefara and to a lésser extent
the Jebel.

-n+=Essentially'therefore the Quaternary. comprises two
elgmépta;'Wadiialluvium and-aeolian;sands-which.axe-found
in combiration or in-their extreme forms. - Differences in
relief, eXpésuie-and,even the effects of man.bhave influenced
' their present lithology and distribution.:

Brief mention may. be made here qf'oné of'thevmést
cheracteristic and general phenomenajfonnd‘in hot arid
countries where rainfall is no more than 150-<200mm‘s énd
limited to a brief period of year. This is the formation
of a calcareous crust or hard pan éhieh-is found at vafiable
depths throughout the Quaternéry deposits of the Jebel and
the lowlend areas. - It comprises & rich calcareous concretion
of sesquidoxides and quartgzose grains of aeoclian origin and
is generally about 20cm's thicks Thé formation of the
erust is intimately connected to the thick red ibess—like
sénds which were laid dovn when continental. conditions of the
Risshwere prevalent. According to Lipparini the Riss was .
followed by a feriod of competition between the aeolian loess
.and torrential rainfall with the advantage to the former.

The Wurmian saw a stabilisation of steppe conditions and the
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formation of the crust. Raihwater penetrated the fine
permeakle. loes2g but rose lm-capiliérity after the cessation
of the reins and calcareous salis held in solution were pre-
Eipiiaxeﬂ.at varying depths.

- Mbrpholdgically; the crust acts as a conserving agent
on landforms exposed to wind.erosion but at the same time if
it occurs near the surface it can impede drainage and hinder
eultivation. Run off can also be aggravated where the hard-
pan is found on slopes.

The perforation of this crust for the extension of Libyan
trée planting is often found in the Jebel.

The Post-Glacial period of the Holocene and Recent has
vitnessed from all accounts a return to more arid conditions
generally in Northern Tripolitenis. Intervening pluvial
periods have not been absent entirely as the Neolithic rock
paintings of Giraff, elephants ard ostrich in the Libyan
desert could only presuppose & more luxuriant vegetation and
& higher precipitation. In the most recent past one can .
speak of a general decrease in the rainfall in the Middle
Bast-where levels in the Caspian and Dead seas have fallen

mﬁrkedly(ibid_£¥)‘

~ Wind deflation and deposition has in
dbnsequénce been continued whilst the action of the weadis is
pronounced more especially in the betterrainfall zones: .

Prom the preceding discussion it is possible to claseify
~_the Quaternary and Recent accumulations according to site:

7 types may be recognised.
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I.. . Quaternary. of the low plains - Jefara and Eastern
o lowlands.

IX: . : Quaternary of the High 1eve1 surfaces._

III. Quaternary of the Dahar.

IV. Quaternary of the Upper Wadis. Basins.

V. Quaternary Terraces.

VI, .Seree and Alluvial fans.

VII. Wadi Alluv1um.

I, Quaternery of the Low Plains

The Quaternary ofihe northern low plaine is composed |
predominantly of very fine and uniform loess-llke red sands;
;hese saads. which are more o less stratified and’ compact, )
60ntain’én‘irreghlar intercalation of calcareocus crust and
north of Azizia the impervidué'Tyfrenﬂién'cia& layer which
'ﬁeipé to'conéoiidate the sands. 1In places, the red sands
are coiéré&'by'litforal merine dunesand in the interior by

exfénéiié areés“éf continental dunes,‘parfiy mobile.(Plate V).

II. Quateggggz of the High Level Surfaces
' This formation is restricted to helghta of over 400m'

and is typically developed on the humid northern edge of the
Jebel. It consists of 20-30 metres of fine sand and is'rarely
stratified.

III. Quaternary of the Dahar.

" On the sout@ern glopes of the Jebel there is-a-fairly
é&ntihﬁbusi&eposition of fine sandy matekbl. South and south
east of Meelliata it tekes the form of several accunulations at
the foot of the south facing slopes. Whilet in the central
and western parts of the Jebdl it occurs in large stretches of
thin sand with a monotonéus aspect. These sends produce dunes

“which are transported northwards to invade the southern farms



of the Italian estates.

iV.‘~ Quaternary of the Upper Wadi Baging.,

? These Pre~-Quaternary vasins are covered by loose sandy
terrains. Subseguent fluvial erosion has stripped much of
this cover and mixed it wi%h‘ﬁadi-gravels, pebbles and fine
sand. - arge stiretches remain uncultivated, but form in
places a gone of Libyan tree culture(Plate VI).

V. Yadl Terraces

The Quaternary terraces are developed.in almest all of
the main wadi channels along the scarp zone of -the Jebel.
In Tarhune and ¥sellata they are generally 3-8m's high with
a series of stratification that represent different périods
of fluvial and aeolian deposition. Little use is made of
them for tree cropping. By contrast in the more arid westa
ern Jebel these terraces form significant micro-regions for
indigzenous tree cropping.

Vi. Secree and Alluvial fans,.

At the fget of the main ridges and spurs along the wadis
in the Jdebel front dhere is an accumulation of scree derived
from fluvial and asolian erosion. It can be elassed with
the alluvial cones along the Jebel front which extemd far
north into the Jefara and merk a distinct break in slope.
These cones are deltaic in appearance.(Plate VII). In the
eastern Jebel they form outwash ridges composed mainly- of:

fluvial gravels and are utilised as spplementary ceréal areas
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by -the Libyans. The Italians established a farming settle-
ment on similar outwash fans north-west of kHsellata.
Vii. Wadi Alluvium

These recent deposits cénsist of fine alluvial gravels
and small pebbles and are limited to the present wadi
channels.(Plate VIII). Generally they areé used for cereal
cultivation especially where the alluvium is mixed with sandy
deposits.

Although the Quaternary is apparently uniform in all
its types the essential difference lies in the particular
mixture of leocally eroded material with theée sandy material
which is found at all levels in the Jebel and almost
continuous over the northern lowlands.

Lithologicelly the Quaternary corresponds to four types:=

I. Pure Sand - Loose fine grained sand forming the Quaternary
of the Dahar and the Dunes of the Jgfara.

II. Terra Rossa -~ lore compact thaﬁ the above and character-
ised by the presence of calcareous grains and fragments. The
calcareous crust is developed in this type.

III. Wadi Terra Rossa - Found in the main north flowing wadis
and some of the southern thalwegs. It is composed of sandy.

elements with a considerable amount of gravels. It is much
more calcareous than the others.

IV. Mixed Quaternary of the slopes.
This is derived mainly from local elements with sand elements
having little importance.
Groundwater.

A striking festure of the groundwater is the discontinuous
lateral and vertical distribution of =Gquifers. Phe Jefara

and the coastal lowland from Zuara to Misurata appear as areas
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0f relative abundance in contrast to the scarcity of supplies
in the Jebel by reason of the following facts:i-

(a). The rAquifers of the Miocene and Quaternary are continuous .
over most of the northern Jefara and in the s1milar hydro-
logical zone .around Misuratas - .

(b) The plains act as areas of discharge for the run<off
water of the Jebel. Moreover the almost continuous permeable
‘Quaternary cover over the plains greatly assists the pereola—
tion and recharge by rainfall.

-The.Jgfara and Coastal Lowlands.

Two distinct water levels occur in this areat: one is
superficial and the second deep seéted and artesian (Pig. 3).
I. The essentially sandy and permeable nature of the super-
flclal Quaternary sediments explains the existence of 8
regular and abundant Phreatic water table found at a maximam
depth.throughout the coastal lowlands; It is extensively
exploited by Libyan farmers but beéaﬁge of poor techﬁiques

yields from many of the wells are no more than 2-3m3

per hour. -
The cordonsdf littoral dunes serve as admirable areas of
recharge for this : qgquifer whose level tends to oscilléte
seasonally.

Below this water table and separated from it by a clay
layer water is encountered in ailiceous_Sand beds of 15-40m's
thickness. ‘At the base of these'béds is a marl bed which
separates it from the first clay layers of the Miocene. This
#0quifer is semi-artesian but requires pumping and itsrate of
flow varies from 25—300m3 per hour. It is more abundant in

the northern Jefara between Azizia and Tripolilthan in the

eastern coastal lowlands in which the aree of recharge is much

y
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smaller. Theé great extent of the saquifer from the Jebdel -
foot, the more numerous wadis and the extent of continental
dunes, all contribute to the greater abundance of groundwater
at this lével in the Jefaré.' Archambault‘ibid‘a)_believés
that this roquifer is the same as that in the permeable layers
of the Upper Miocene (Tortonian) trapped in sands which sur-
mount the tortonien limestone sarids of Quaternary, Pliocene
or even Miocene. The presence of this raquifer has facili-
tate& the expansion of several hﬁndred Italian farms in the
Jefara,

II. Since Desio distinguished an Artesian acquifer in the

(ibid.9) hae led

lower Miocene (Lenghien) Viali's contribution
t0 a more detailed knowledge of the distribution of the
'Hiocene ..Qquifers. He distinguishes two Artesian zones

in the Jefara.

I. TVest of Tripoli between Sormsn and Zanzur Viali found 2
water tables. The first was at a depth of‘250m‘s below the
Quaternary in the Upper Miocene (Tortonian of Desio) which
yields 20+50m° per hour but which can be augmented 1o 200—300m3
per hour by pumping. A second table was locatéd'at 650m* s
corresponding to the lower Miocene (lLanghien-Desio) yiéldiné
613'--2‘5(‘)11’1-3 per hour.

II. A single Miocene acquifer was discovered in the vicinity
of Tripoli contained in a complex of sands and limeétones
betweenE§50-450m’s which yields 300-3501113 per hour.

f@é.origin of these Miocene acquifers is still uncertain
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and apart from the recharge thrqughuthe'permeable Quaternary
cover there are two faqt&ﬁ?Which:wpuld seem to be relevant |
in augmenting supplies. It is.possible that the water is
in part a fossil formation of cietaéequs age. ~Infiltration
through the dejection cones at the foot of the Jebel is more
-likely since many of the wadis discharge into these deposits.
debel.

The Jebel xaquifers are marked by a low rate of flow.
This feature is related to:~
{(a) The general inclination to the south and south east of
the strata. Thus the flow of groundwater is away from the
climatically favoured areas of the northerm Jebel. B
(b) The more pronounced effects of faulting and erosion
which have interrupted the water bearing strata.

(c) The less uniform distribution of the Quaternary form-
ations.

The great majority of the Libyan and Italian wella are
based on shallow sources of groundwater preserved in the basins
of the Cretaceous surfaceé. Other wells are fed from saquis
fers lying high in the Jefren Marls or at the base of the Ain
Tobi limestones: Deeper ~aguifers are largely unknown except
for the Jurassic aequiferé at Cussabat. Italian wells rarely
exceed 40m's in depth and are based on an saquifer at the
junetion of the permeable Garian Limestones and the impervious
Jefren Mzrls. The yield from these wells rarely exceeds
30-60m3 per hour,

Of scme importance are the springs which effuse at several
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levels in the Jebel but are most common on the Jeébel front
where the greatest exposure of the strata occurs. The lowest
is at.the foot of the-acarp~an§ corresponds to the base of the
Wealden. .Above Spring lines areafoﬁnd-at the baseibfthe -
Jefren Harls and the yellow tufaceous limestones (Cénomenian -
Taronian) in the Central and Western Jebel. - Less~freqﬁent-are
springs in the northern lowlands, but several occur in the

major wadis.
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CHAPTER II
Morphology

B Geology and structure, difierence'in surface and slope,
in addition to the diversity of the wadi pattern and the
great accumilations of wind blown sand and the saline expanses
fundamentally affect the agricultural value of the region for
grboriculture. These resources up t0 now have been
incompletely developed and often in a rather 'extensive'
way. In order to illustrate the potentialities of the
region and the background to ph&sical problems of land wuse
in relation to arboriculture it is necessary to consider in
some detail the inﬁlﬁénces of orogenesis, epeirogenesis.
structure and the processes of the erosion cyele. -

Tectonic evolution combined with the remode111ng effects
of aeolian and fluviael erosion has created the present morpho-
logy of Northern Trlpolitania.. This may be illustrated by
an analysis of surface, hydrology and slope from the point of
view of the types of landscapes which they determine:.

The region ié one of comparatively modest relief bveing
for the most part below 700m's with significant areas below
200m's. Gently sloping plateaux and plains often'inténsively
dissected and sometimes sharply differentiated by scarps are
the dominant elements of the relief. Fig. (4a). Two
fagtora would seem to explain the gently sloping tabularxr
nature of the terrain. Unlike the ‘liaghreb' to the north
west, the region did not participate to anything like the same
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degree-iﬁ'the?injense’fglding of the Alpine orogenesis, and
secondly the Meéézoic'éﬁrata-of the base forms structurally
the narthern'eééeVéf‘tﬁe older resistant Saharan pliteau o’
which it ‘was ‘deposited almost horizontally. ‘In coliséqilence;
marine’ ingréssicn has ‘been less obstructed. Minor aiscord-
 arces and’ nonsésequénces do occur buk thésé'are.félétéd’iﬁ the
main to the alternation of marine and continental conditions
together ‘with faulting. | e f

' The most striking feature of the morpholdgy which is
réadily apparént in the profiles is the distinction between
the ‘16w flat Jefara and the higher Jebel platéan which éxtends
in an are from Southern Tunisia to meet 'the sea at Homs.(Plate
IZ). ~The former is unbroken except for a few small hills in
the weét'aﬁd'séuth; East of Homs thé Jefara is répiaced by
& nairow coastal'pléiﬁ-wniCﬁTWidenS'tOWQrds the Sirtic Gui¥
vihere'it forms a large ‘arid plain.  The Jébel along its
éntire length consists’of & broken northern edge defined by
& 8carp, associdted with north flowing wadis; and a gently
sloping plateau which is inclined towards the south-west near
1t6 western confines, but graduslly ewings to the southieast
in the ‘east. At the base of this slope thére is a sharp
break in slope boundeéd by the Senonian scarp of the Hemada
el Homré;' a vast featureless gravel surface.

Of primary importance in the evolution of the structural

morphology has been the formation of the Jebel.
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Tectonic Evolution .
All authorlties agres: that the Jebel was formed by an

ant;cllnevwhioh.waguupllfted during the . late Cretaeeous,-

The fold movements were essentlally centred:towards the . . -
Alpine ~~ Atlas complex. - Owing to.the lower latitude of .
this “part of North Afrlca and to .the existence of the resist—
ant block of the Cretaceous.plateau,; which formed the northern

edge of the Saharan platform, the orogenetic foreee were only

_powerful enough to cause the uplift of a weak but extensive

fold roughly aligned north west - south east s0 that the
southern.slope faced the-centre of the orogenetic activity.
The formation is confirmed by the gentle but perceptidble dip
of the Cretaceous, Jurassic and Triassic strata to the south.
The existénce of the_scerp which sharply terminates the main. .’
strata togethér with its arc shape indicates some form of dome
or anticline, the northern 1imb of which has. been destroyed.

Recent deep borings in the Jefara have revealed, below the.

"“"Miocene, strata, believed to be Lower Cretaceous, which

Iiprarin® - . ¢iv, and Archambault vy. ~%%. contend is part
of the remran* northern limb. Because of- the absenoe of the

Miocene south of Azizia and since the Triassic is the oldest

exposed rock in the region, occurring at an unknown depth

below the Cretaceous in the'Jeﬁara, the alignuent of the
PTriassic would oOrrespond"to the alignment of the Jebel anti-
cline. The parallel alignment of the igneous outcrops, and

the arc-=shaped scarp eround the Triassic belt indicate that
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the main tectonic axis of the“anticline was north west ‘-
south esst. This tectonic 'axis reaches its culminating
‘inht near Garian which is also the sdres of orographic
Cﬁimination in the Jebel:  Here the Jébel is for the mos+t
part over 700m‘s compared with average heights ‘of 600m's to -
the west and 4<500m's in the vicini#y of Tarhuna. Gb?fésd
pdﬁding 1éte£ally't3 the anticline is the symclinal :
‘depression of the Ghibla which is compressed between'tﬁéf B
enticline and the Hamada el Hamra:; The restriction of -the
beds of the Meestrichtian and Upper Campanien to the -south
western éxtremit;es of this area; indicates that they were
deposited either during or after the orogenesis of thé-ﬁebela
These beds probably represent the extension of an arm of the
Sirtie gulf during its maximum ingression during' the Eocene(lz)a
Accompanying this uplift was magmatic activity and fault-

ing which has affected most commonly the area of the tectonic
'axiS'since it waé the area of greatest tangenj;al.pressure.
These faults havebeéen traced in the Jebel to the east bf
‘Ga¥ian end in the Jefara at Agizis and since they affect only
the lower beds of the Cretaceous their age is presumed to be
synomymous to that of the formation of the anticline.

. "Whilst there has been & commén acceptarce as to the mode
- of formation of the Jebel anticline there has been much
conflicting discuseion regarding the farmation of the Jebel

scarp which decisively demarcates the high plateaux from the
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low plain of the Jefara. Theories of marine abrasion and

'céntinental erosion .havé both had their exponents. IMore

'recently, because of deep borings: in the Jefara; the theoxy

of faulting which was promulgated nearly 40 years ago, has.
come t0 be accépteds  Marine abrasion must be discounted- .
because it does not explain the Proljebellian. hills nor- the
marine miocene deposits, which at Héms reach a height of
20Cm*s: but are only traced below the Quaternary in the Jefara.
5(13) recognised the dome ‘structure and regarded the-
present scarp as being a result of fluvial erosion in & more :

hﬁmid'per;oa_and achieved by the. successive retreat of the

water divide: Although this may account in part for the .

Pr@-Jdebel hills and the presént surface configuration of the
Jebel such erosion must surely hdve degraded the whole of the
northern limb of the anticline. The theory of faulting,
which'fg the author®s opinion is the most convincing, was

(1014 5)ypter pe d iscovered from deep

put forward by Lipparini
borings in the Jefara that the Triassie nucleus at Azizia was
bréken to the north hy a series of faults running east north

east - west south west which have been subsegquently traced

-in the Jebel and which correspond o the direction taken by

the escarpment: The existence of lower Cretaceous beds
below the Miocene, which seems to be terminated by these feaults
in the Jefara, would appear to substantiate his theory that

faulting, as a result of radial pressure; originally caused
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the fermatlon of the scarp. He agsociates these faults with
an epeirogenlc movement durlng Eocene affectlng all strata
.from TriaSSié to Senonién;. 'Suhsequent“fluvial erosion has
'removed the ‘Pormer Cretaceous strata of the. Jefara -and
resulted in the recession of the scarp whlch mnst have- marked
the ' southern exten51on of thé Miocene: - i

Prlor to the Miocene 'ingression,’ duringithé~Eécene_and
'Oligocene, the Cretaceous strata w&é'exjosed'for thé ‘most
part o ewbsasrial denudation especially in the Jebel.. -Only
~ to the south and south-east of the anticline in the.region of
Sirte, ébccrding to Deéio(lbid°“2)1s there any evidencé of
marigg;jfansgressibn.

The midcéne may be traced however, from southermn Tunisia
through to Misuratino and from the coastal areas of Sirte to
as far east ss the Egyptish frontier. In Northern Tripolitania
the Miocené is found, with great variations in thiclmess and
depth, 2;3 kilometres north of ‘the present scarp at Tarhuna
and at'Aéizia'ahd”brbbahly marks the position of the original
searp. In'geﬁeral ‘the Miocene ineceases in thickness and
depth westward from Homs; at Homs it is about 200m's thick
end outerops to a height of at least 16lm's. - But south of
Pripoli, in the Jefara, its thicknéss exceeds 5Q0m's and it.
is buried under the marine and continental Quaternany;

Th’i’a assymetry vand thinning e‘astﬁards" of the Mioecene ...
is attributed by both Desio ard Lipparini to an
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epeirogenic uplift which occurred either in late Miocene ..

or early,Quaternaryah This is based on the fact that first

eusfasy of the Quaternary (Calabrian) cannet.beJtraced_in

the Jefera nor even on the eastern flank of the Jebel, It

is ‘presumed also that continentsl infilling of the base

levels to the north and south esst of the Jebel.was_sufficient

t impede invesion. _ _ )
However, of the last phese of eustesy (Tyrrenhian) there

are notable traces in the Jefara and the coastal plein to the

east of Foms. Although no post Tyrrenhian tectonic movements

of any importznce have affected the coest of the Jefara

between Zuaras and Homs there is evidemce for a notable

negative Quaternary and post Quaternary movement in the

zone of Misuratino. From Homs, where the Tyrrenmhian is

found at ebout sea level, it_falls progressively towards the

east: at Zliten it is 30n's thick with the base 2lm's helow

sea level and near Misurata it lies 42m°s below sea level.

This lowering of the land determined an increase in fluvial

sedimentation from the Jebel and consequent formation of

thigk continental deposits. Lipparini concludeé fron the

difection of stratification)which is parallel to the northern

flank of the Jebel anticline)that it is clearly the posthumous

direction of Quaternary and Holocene epeirogenic movements

which were independant of the eustatic movements of the same

ﬁeriodsa To this phenomena is atiributed ﬁhe~formation of

the vast triangular plain of Misuratino with its apex on the
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coagt-and its widest side resting on the Mesozoic of the
Jeﬁelf_. These movements were also responsible for the .
origiﬁfpf the Sebka.df~Tagorga which Lipparini. deems.as an
area of: tectonic depressions

In profile the general.features resulting from the
tectonic evolution may be olegrly seen. . Figs: 4a:and 4b..

. These reéveal the close corresppﬁdence between the
supposed line of the tectonic axis and the area of orOgraphic
culmination which is formed by a large detached domed mass to
the scuth east of Gariem and coincides with the exposure of. .
‘the besaltie lavas which outecrop at about 1000m*s: From this
highland section the general slope falls gradually io the west
end -south but perceptibly te the east and north east: These
lower levels represent the synclinal slopes of the .éncient
enticline which plunged to the south east to give a2 marked
decrease in height: The decreace in altitude towards the
north is the result of erosion consequent to the formation
of .the scarp and its later erosion back which reszlted in the
transformation of the sub-Jebellian wadi regime, This
erosion has been differential and higher surfaces have been
ﬁreserved-espeeially by the resistant Garian Limestone and
also by the phonolite intrusives,

The essential difference in level and morphology between
the eastern Jebel and the Jebel area west of Garian is

explained by its position to the east of the rein axis of



)

-38-

tectionic’ activitys It was therefare lese affected by tiplift.
Alsbfi%“participates inithe-general synclinal slope to the
-soﬁth.ﬁﬁ‘ﬁéll 28 in a distinet slope east and north east -
té{the sea: In the extreme east - Msellata - the lower -
altitude and essentielly different morpholegy has resulted
from more intense wadi erosion in a humid zone "“from three’
sets of consequents; <from the Jefara; and frcm the synclinal
southern slope end the eastern slope to the sea; rendered more
effective by the Miocene uplift.

The Jebel scarp which abruptly terminates this noirthern
éldpe'of the Jebel is & continucus feature and has normally
besn developed by the ercsion of clays znd sandstones, 6vgr=;
lain by resistant limestone bands: West of Garian the scarﬁ
assumes a cliff<-like form rising to heights of ovér'SOGm‘s
from the piedmont detritus at its base. There are numerous
small changes in slope and extensive gulliying by large wadis
which has caused the complete separation of large outliers from
the;main strata, particularly at Nelut and Jefren. These’
give rise to secomdary scarps parallel to the mein scerp.
Towards the ezst as the scarp swings round to the sea it
bépdmes lower snd its nature changes from an imposing cliff
festure to a series of indistinct step-like ridges and outwash
spurs along the front of western Msellata. South east of Hone
the scarp 'is barely 80m's high and it declines eastwards to
Misuratsa to form the morthern edge of the synclinal southern

slope.
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mﬁé.&efara rises gently southwards from the sea with
only slight undulations to take the form of a piedmont zone
at the .foot of the scarp st varying heights - 300m's in ‘the
west &éclining to 200m's north of Tarhuna.

Surfaces |

Reiiéf con:trasts and differences in surface level are
gréatestpin the Jebel which extends south and south east from _
the scarp at a veriable distance depending en the eriterion
adopted to delimit it. Morphological 1y the Jebel is that
area contained between the séarp and the main watershed of
the north and south flowing wadis and would'thus'extgnd-from
10-15 km's south of the scarp meer Garian.  The Jebel is
succeeded by the Dahar which constitutes its southern -slopes.
‘This is transitional between the Jebel and the érough of the
Ghibla sycline.

The Jefara and the lowlands of Misuratino on the other
hand are distinguished by their relatively normal gradient
which descends gradually from the scarp and the socuthern
slopes.

The Jebel

Considering the fact that the Jebel has been exposed to
subsaerial denudation since the late Cretaceocus - .a process
operating differentially and regionally - and also that the
structural foarmation has produced fundamental differences, it
is still possible to trace the main surfaces in profile (Figs.
4a - 4b). These clearly reveal that the highest surface
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levels are found in the zone of tectonic culmination at
Garian ﬁith a decline to the west and north east in response
to the dip slopes of the anticline; the gengral decrease iﬁ
height to the south being a function of the syncline of the
Ghib;a and the south east tilt of the anticline. The
felativélyllowéi altitude of the area to the north east
towards Tarhuna and Cussabat must also be attributed té a
stratigrephical thinning = with the absence of the Gasr
Tigrinng formation - and to the greater intensity of fluvial
erosion: The continuous fluvial eresion of the front means
thatfénly the highest surfaces represent the original_surface
of the anticline, but these may be extensiye where the top=
most beds havebeen preserved by Quasternary deposition or else
where the resistaﬂg Garian Limestone outcrops at the surfacg,

It is therefé;é.possible to classify the surfaces accord-
ing to height. (Incorporated in Pig. 5).

1. Highest Surfaces

i. 750#900m's embracing the Basalt Dome area, the
plains of Assaba and el Baten (and the high platéﬁux of Jefren
and Chicla).

ii. 600-750m's Forming the backbone of the Jebel west
of wadl Zaret and the interfluve areas of the upper tracts of
the south flowing wadis.

II. Intermediate Surfaces

i 600=700m's - constituting the wedge~area between the



-41-

basalt platesu and thé plains to the west and in part the
ﬂigrinnéﬁplain. |

ii. 500-600m*s ~ ILarge area of this surface is known
as the plain of Guassem.
II1. Lowest surfaces

4. 350-500m's. The central Tarbuna plateau.

id. 250-350m"ss The northern slope of Tarhuna.

111;2200a306m’5a Cussabat Plain.

- 4v,. 100-200m°ss  Sciogran.

The highest surface level in the Jebel oecuples an area
‘¢orresponding roughly to the zone of tectonic culmination.
Bast of thé wadil Zaret it embraces én extensive aréa to the
north and south of the main watershed. This curface is
constituted by the plains of Assaba and é1 Baten; which abut
onto the scarps and by the dome shaped plateau of the basall
extrusive zone: West of the wadi Zarét the surface is
discontinuous and smaller and forms the cuesta=like platéasin
interfluves betweén Jefren amd Chicla. The boundary of the
surface coincides approximately with the 750m*s contour and
on its northern edge, the scarp pf the Jebdbel.

The wvariation in eltitude over large areas is mainly
structural in origin., But complications have been intro-
duced by the basalt extrusion in the west., There is a
perceptible slopé to the sputheesst of the Assaba and el
Baten plains (Plate X) end west from an indented northern
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ed;é; The surface is underlain by the flat lying Gasr
;Tigrjnna formation which has been preserved from intense
fluvial erosion by the Quaternary cover. Thus the plains
exhibit undulations only.over large areas.

However the basalt dome to the east, with altitudes
of over 900m®s, has been subjected to greater erosion on all
sides. from wadis which radiate from it. There is in conse-
quence a slope in 2ll dirsctions from the highest elevations

which are aligned glong the mesin watershed.

600=750n" 8.

. The main surface of the Jebel west of the wadi- Zaret is
developed on the ©uth western slope of the ancient. énti-
cline and lies rSughly ﬁetwgen the 600 and 750m’s (plLoiag
contour but in the extreme west it declines to below 500
metress - The relatively flat disposition of the bedrocks: .
eand the absence of pronounced tectonic activity, notable in.
the Garian area, means that over large areas there is little
differéntial in altitudes North of the watershed ;n.scarp
area because of the fluvial erosion by north flowing ﬁadis-
the surface is accidented. Whilst there is a strictural
decline in altitude from east to west vertical variations
are produced by the differentizl erosicn of the uppermost
beds. TWhere the sof Gypsum strata remains it forms usually
the;highest knolls. .

‘The general uniformity of level between the interfluves
and the main watershed is partially a result of the Quaternary
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cover into which the upper wadi beds are only vertically
incised. |
600-700m's

This surface forms & wedge between the basalt plateau
and the plains of Assaba and el Baten. The general slope
to the east and south east from a2 minor scarp at Garian is
related to the structural dip. The whole'area is undérlain
by Garian limestone from which the softer beds of the Gasr
Tigrinna formation have been weathered by the upper wadi
tributeries of the Gen and the Megenin. These wadis radiat-
ing from the basalt plateau are deeply incised into the
surface and are responeible for its aspect of brokeéen relief.
The. largest unbroken surfaocgis formed by the Tigrinna plain
which has been less subjected to erosion and is covered by
extensive Quaternary deposits.
EOOéGOOm?s

The lower surface of the Plain of Guassem extends on
the interfluves of the north flowing wadis between the scarp
and faulted basin in the north and the minor scarp of Garian
to the south. The Garian limestone cover has been eroded
almost entirely from the surface except for small ﬁesidual
hills which together with isolated cappings of basalt stand
out from the general level. Recent alluvium and Quaternary
deposits mask much of the underlying Jefren marls and Ain Toﬁi
limestones. The surface slopes from north west - south e#st

from areas of highest relief which carespond to the zones of
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‘phonolite intrusion, some of which remain unexposed under
%he. plain of Guassen. In contrast to the undulating
moulded relief of the actual Plain of Guessem, the greater
intensity of erosion and the effects of faulting bave broken
-u§ the surface towards the south east, and it is only trace-
able in small summit levels.

350-500m's

This surface forms the large central Tarhuna plateaun-
‘(Plate XI): 1t is a rectangulsar area widening towards the
west as far ss the wadi Gherraia. It is split into two
distinct sections by the Abanat femlt, the more easterly of
which hes been subject to greater .erosion. The plateau
represents the eroded northern edge of the synclinal slope
to the south and its northern boundary therefore coincides
with the main watershed and the Abanat fanlt. The southern
.confines are more arbitrary and are roughly markéd by the
350m°’s contour.

The surface extends northwards on the interfluve spurs
aé far as the ancient watershed. Though there-is a visible
variation in altitude this is mainly the result of the general
slope of the Jebel eastwards from the zone of tectomic
culmination at Garian. Most of the area is underlasin by
the resistant Garian Limestone except in the.extremsfnorth@J
This essentially structural surfaceis also the zone of maximum
aeolian deposition 'so that the underlying bedrock is covered

up to depths of 30m's by sand and Ard Eamra.
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£250=350m"s
North of the Tarhuna plateau there is a distinct break
in slope and an erosional surface at 250=350m's which
‘north to the scarp. The surface runs parallel to the arec
 §hape of the plateau edge from the wadi Gherraia in the west-
round to the wadi Ueni in the east. The intensive erosion
of the morth flowing wadis and- the progressive eating back
has largely removed the Garian limestone cover and 1gid bare
tﬁe=softer Jefren marls and Ain Tobi limestone. In conse~
quence the surface is extremely dissected and is only apparent
as narrow ridges and knolls on the interfluvess
.200-300m’s .
West of the wadi Ueni this surface is best seen in the
Cussabat plain which forms a relativel y uniform ares orient-
ated in the &axial direction north west - south east (Plate XII).
‘The plain is underlain by Ain Tobi limestone which is mainly
covered by Quaternary and fluvial deposite. These have
mitigated the intense erosion of the wadis responsible for
the serration of the northexn edge. Here the surfaee_is only .
found in the small summit levele of the ridges amnd spurs of
the scarp and is less easily detected towards the west. The
main slope to the east and south is in relation to the anti-
cline slope and to the synclinal slope of the Ghibla, -
100-200m°s.

The Sciogran surface lies on the extreme north éastern
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%flankﬁofﬁthe Jebel; . the area of Miocene deposition and

subsequent uplift. The surface slopes east to the sea and

south east to the lowlands of Misuratino and is roughly
defined by the 100~-200m's contours. . The area is underlain

by both Miocene and Cenomanian sirata which has been intenss

ively eroded by wadis flowing north and north east to the

seas - It thus appears as an aree of small dissected

.surfaces (Plate XI1II).

Ghibla
. There is & general decline in altitude from -the surfaces:

of.the Jebel and Dahar to the synclinal zone of the Ghidbla

‘but - it is noét easy to define because of the lack of adequete

topographical maps:. - However the surfaces differ according
to position in relation to the tectonic axis and wadi systems.
South. of Nalut the surface declines from 600 metres and is

‘mamillated. It is higher south of defren, and -extends in

broad wadi.interfluves. FrcmlGarian-its_sﬁrfaee declines
from 750 metres where the relief is broken by numerous wadi
tributaries: South of Tarhuna the surface declines gradually
from 350m's but the surface is varied due to aeolian deposition
and greater wadi action. The basalf mass of Uesctata, to the
north east of Beni Ulid, stands aiove the general level.

Prom Sciogran there is a gentle dip eaétwardS'tn the piedmont
of Misuratinos

The Jéfara_

TheﬂJefara and the lowlands of Misuratino; tectonic and
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erosional in origin, correspond to ancieat plains of ercosion
which since the Tertiary havelcen filled up by the detritus
transported from the interior by wind and water. TIZustatic
movements of the sea have also contributed to this embellish-
ment. - The surface morphology therefore reflects the passage
of these various forces which have reacted according to
period, and to the oscillation of climstic and hydrographic
conditions. Unlike the Jebel these areas exhibit no great
relief contrasts over small areas.

The Jefara forms a vast triangular plain and is actually
a geographic prolongation of the Tunisian Jefara; it covers
an area of 18,000 kmz. From sea level, at about 1 m. near
the coaet at Tripoli, the plain rises gradually south with a
slope of about 3:1000. It is terminzted by the foothills of
the Jebel at altitudes varying between 300m's in the west and
80m's in the extreme ezst where it is smaller and forms the
apex of the triangle. Its configuration is dependent on the
arc shape of the Jebel scarp.

The lowlands of HMisuratino are separated from the Jefara
py the eastern spur of the Jebel at Homs. From Homs the
plain widens and is defined to the south by a minor scarp
(Plate XIV) corresponding to the 100m contour. Towards
Misurata the plain trends socuth-west to follow the coast line
of the Sirte Gulf.

The surface of these plains is not absolutely monotonous;
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where the Jebel wadis meet the plains..large alluvial cones’
‘have been fo:ﬁed,,especially_in the Eastern Jefara and
Southern Misuratinos |

= The elements which introduce vari&ty into. the morphe-
Yogy. of plains may be enumeriteéd as followss-. . -

I ~ Dunes < Continental snd Marine.

.11 - -Sebtkas (Salt Marshes).

- II1 Calcareous crust.

IV - Pro-Jebel Hills.

v Trough of'Bernet’

VI - Alluvial cones of the Piedmont.

“VII Bposion by Wadis.

¢a) Marine Fringing the coast line is a broken cordon of
Iittofal marine dunes composed of white calcareous material.
' On the flat beaches which are exposed to'maritime winds #hé
sand is brodght-inland especially in dry periods to form these
© duness R '

(v) .Cpntinental Although the northern part of -the Jefara
”is'cdhétitﬁ$ed rrevalently by a Quaternary deposit of fine
quartzose réd sand; mostly consolidated; cf aeolian origin,
which is the soil immediately used for cultivation, in places,
it 18 covered by great extensions of continentl dunés. These
- dunes consist of mobile elememts of fine red quartzose sand

- derived from the e£lluvial materiel of the southéxn Jefara
-én@gthe Chibla by streng winds. A large area of these dunes
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stretches from Zuara m'the'-wést?-té Garabulli in the east;
‘an area’ TOkins. ‘long’ and 10kmé:' wide with an average height
6f 70 metrés. These dunes aré developed also in the
Misurating ‘lowlands éspecially in the region'of Zliten
j__.,,ybi%ere-wg-hej: are mixed with marine accumulations Although
‘these- qunées afford’ excellenit infiltration areass for rainfell,
' th@ir mobility is a censtant threat to cultivated "z‘lc'mes-.s
‘Their rate of movemént: varies eand-hasibeen interrupted to
somé extent by the efforts made by the Italians to stabilise
thems: ' East of Misurata they have been found to move north
at the rateé of 1 metre per ammum;
| The formation of these dunes was observed by Lipparini in
" the vicinity of Garabulli; where the alluvial sands in the
depressions were undergoing a process of 'Eolism% which
iﬂVOIYé& the removal by'winds”of the finér argillaceous
ﬁartic;esi'frbm the heavier sand partie;és which without the -
argillacéous parts became loose and formed ‘dunes ayound the
depressions: This process is distinet” from that respomsible
' for the formation of duhés on the southern slopes of Jébel.
Sendé here aré constituted by finer materials blowd from
southérn desert and afe in consequence more argillaceous.
Sebkas | o |

Sebkas corréspond to aréas of salt concentration vhich.
may become marshy in the wet seéison. ' The areas of salinity

are found mainly in gonesa of ﬁépféSSion in the plains and can
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§;§gaa*dual:originraédoiﬁiﬁélégiPrincipia ' In those sebkas
‘férmedfin-depreseions:aldngfthe coast, separated ‘generally -
from the sea by a low cordon: of ceémented mariné‘&uﬁes;;the
sélt comes from marine seepsge or else from comtinental
superficial or subterrsnean water with the nearness of the
"s‘é‘a::imp'eding ror ‘helping the flow.
+:In this category are the sebkss of Zuara and Taudfga.
The 1atter covers the greatest area; being 100ku®s ‘long by,
é%put; 3km's wides ¢ It is separated from the sea by marine:
dunes partially cemented and defined to the west by the
_éllﬁviai cones &t the mouths of the wadis which flow into
itifrom the Ghibla:  The water which occupies'the'basin'
¢eﬁes from marine infiltration in the north east but ‘from an
artesian spring in the south west which in the summer évapor-
ate to give salt formations. The Salt deposits are méfe
po%ent in the ‘north west but tend to ‘be leached out by winter
rain in the :south east. This area is at or below sea level
but at Zuara general level is éboutil2m‘s. |
Another restricted area of saline scil occurs near
ngiura and is related to the eapillény movement during summer
6f-a salty superficial acquifer which leaves salt incrustations
on the surface. But the degree of saltiness is not comparable
to that of the seébkass
In the inteérior of the Jefara areas -of sd inity corréspond

td-depressions in the Quaternarym ' Séveral~small”baSins are
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distributed in the south west:’ The salis are derived from
washing out from surrounding solid sirate concentrated by, -
the presence at depih of an impermeable layer so as- to
inpede drainage and favour evaporation. - -This impermeable
'@Eyer in hahy'eaSes-corrééﬁgﬁﬁswto-%he'c&leareous:crustm
Calesreous erust

| 'Petrogrephically the- ¢rist 18 a rich -eal»care'ou_éf-'
'dqnéretion of sesqui-oxides and quartzose .graine of anIian
'gﬁigin. : The formation of this crust takes place under a
given c¢limatic regime'whére rainfall is no more then 200mn's.,
Normally it is formed by the capiilary movement towards the
surface during summer of moisture containing calcium:carbon=
ate in solution which has percolatédtdéwn during the rainy
winter period. This movement takes place eépécially inIthe
receptive Quaternary cover or in the beds of wadis. It can
also be associated with the drop in the genefal'water table
during summer. The level at which the crust forms varies.
with the s8lope‘of %He-surfaee and ‘the depth of the Quaternary
" cover and &lso with the rate of capillary movement: VWhere.
However there is persistent aridity amd a strong capillary
movement then the crust is formed et the surface as a fairly
thick deposit. ’Such an area of continuous crust is formed
in the western Jefaras Here mean rainfall is less than
200mm’s and thére is & strong surface movement of moisture
towards  the surface: Since bumidity increases eastwards,

the crust is found about
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| In the western Jefara the crust is responsible for the
uniformity of the terrain.

Pro-Jebel Hills_

. These Triassic hills, which rise from the general level

of the plain to heights of at least 300m's; are aligned

-parallel to the Jebel scarp. . They are found especially.

in the area of Azizia. Morrhologically they are testimony
to the intensive erosion which stripped,the-Juréssi¢ énd'

Cretacecus cover from the original anticline and laid bare

~the Triassica.

Erough of Bernet

In general the Jefara rises southwards but at. the foot,
of the central and western Jebels an anomolous trough aligned
egstéwest_ocqurs; The existence of this trough was first
iisaovered by Bernet(6>. This trough is not a contimious
feature but a series of troughs separated by deirital cones
and is thought'by Bernet and Iiipparini to represent the origin-
2l direction of .consequent wadis flowing south west down the
flank of the original anticline to southern Tunisia; a

systen destroyed by the Miocene ingression.

Alluviel cones

. Important indicators of the_evqluiion of the Jefara
morphology are the accumulations at the foot of the scarp which
have .béen treaced in depth as far norih as Azizia from which it
iy ;ﬁferred'th&t they represent the graduasl withdrawal of the

searps Their-ekiatence is partly responsible for the change
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-4n slope from the Jefara to the Jebel scarps  Marly-and
' argillacecus in the north they graduste to cangléméfatés in
‘the piedmont towards the south: - Théy were formed in the
‘1ast pluvial phase of the Quaternary and have subsequently
' béen overlain by more recent fluviosaeolian aécwmulationss -
"' 'Phey are characteristic alsc of the Misuratino piedmont areas
Eresion by ¥adis | _
' VWadi erosion in the Jefara and lowlands of Misuratino
has scarcely affected the general uniformity of the Quaternary
‘cover.  In the western Jefara & host of youthful wadis
descénd from the  scarp in ill &efined courses. ' Thése rapidly
‘infiltrate into the sandy cover and the trough zone. Further
‘eést however where the Jefara narrows in a more humid zéne
many of the wadis reach the sea where théy havé often ereded
ravine-like valleys: This feature is repeated in the north
flowing wadis of the lowlands to the east of Homs:  Beseants
ially it is a result of negative eustatic movements csusing
the wadié to seek new base levels .

Importance of relief forms:

~ The variety o0f relief forms have a human and ecological
interest since not only do they contribute t6 the regionsal
" diversity in:6limate but they have influenced the evolution
and character of agriculture in Tripolitenia: Historically
the a¢cessibility 6f the plains has played én- importent part

in the direction and movement of nomadic peoples. OB thé




=54~

"other handy the Jebel has acted &s an area of'refﬁge'for
@ 'sedentary peoples and a8 a reservoir of waters The'ﬁoﬁﬁteins
" ‘act also as a.climatic dividé and especially in: the west have
“restricted .the dotivities of pastoralistss
mhe7forceswthat'produced the-bese'give to the regiop;its

particular character in which the main di stinctions may be
made: into:= |

(1) Jdefara . :

(2) Lowlands of Misurata

(%) ©he Jdebel =

(4). Rigid mass to the south and south west of the
Sy . Tectonic axis (Hammada el Hamra) : o
'(5)'_Sync11na1 slopes to the west, east and north east of

. the Téectonic axis. '

6) Sycline of the Ghibla. | o

- Erosion which has subsequently remodelled these tectonic
fegions empha3151ng their differences, has acted aceording.to
.perio&a In the evolution of the drainage pattern three
periods can be recognised:-

(1) Post Cretaceous.

(2) Mioceme.

(3) Quaternary and recent.

The-primary interest in the study of the wadis lies in
their differing systems, and varying morphology between _
indiv;dual wadis and their sections. Ecologically the
wadi as an element of relief and as a humid zone is a
significant factor in land wuse.: Although the utility of
these wadis, which flow only intermittently.durlng thé wet
seasoﬁ, varies according to profile and size of catchment

area, they contain certain common features of importance to



agriculture:-

(1) Generally centain some of the better aoil areas =
-~ - Alluvium sand.

€2) Aveas of ground water availability during the dry
. summer.

(3) Pavourable climatic entities.

(4) Often contain large flat basins,

{(5) Sporadic surface flow can be utilised for irrigation.
Pig. (5) incorporates the hydrographic reticule of the

region with the main watershed running east. north east =

west south west parallel to the scarp aleng the highest ‘

suwface: of the Jebel. It separates a relatively danee

system of wadis flowing in a northerly direction %o base

:1evels in the Jefara and at sea levelfrom a more. dispersed

tennous aystem flowing southwards to gently sloping mnore

distant base levels in the.Ghibla eyncline. In contrast

to the simple pattern of wadis in the west where both north. .

end south thelwegs discharge into the sands and sebkas of

the Jefara and the Ghibla the system shows increasing complek-

ity eastwards with confused and abrupt chenges in direction..

' This: 19 & function not only of increased hnmldity but also of

the greater influence of tectonic phencména. In order to

illustrate this diversity it will be necessary té exsmine

bricfly the evolutionary processes which have determined this

distinction.
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dedcription can be mafe).

Evolution.
There is no established chronology of pre-Quaternary
crosion other than that of Butzers. Désio(ibid'g)saw'

suceessive périods 6f humidity in the Bocéne associated

with the exiension of arms of the Sirtic embayment in langd
s&dth of the Jebel: The retreat of the Gulf during Oligocene
brought continental conditions but Miocéne transgression
resulted in a fartial reversal to more humid conditions. A
consequent drainage pattern seems to have been eStablished on
thé original surfaces whose direction and emanation was .
determined by the'fau;ting nerth-west é’sOuthéean, by the
zone 6f orographic culmination and volcanic masses. Thus
COQSEdnent wadi .systems operated to the north and south of
the tectonic axis. However after the formation of the Jebel
and its subsequent retreat the northern system was destroyesd,
and the original surfaces of the anticlinée are only preserved
to the south and south-east of the Jebel by the resistant
Garian limestone. Consequents of these slopes include the
wadis from the'Zuzﬁm'in the west round to the wadis feeding
thé Lebda and the Taraglat. The fossil trough of Bermet
visible in profile and orientated in an east-north~-east -
westféouth—west.directibn at the foot of the Jebel in tke
west p;esumably marks the original valley-of’&'CQnSequent
flowing down the stratigraphic dip of‘the éntiéliné‘towards
the;southywest which has been destroyed by the creation of

the'scérp and Miocene transgressions. The normal southern
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After the formation of the scarp, consequent upon east-
westnfaﬁlting, the creation of new base levels in the Jefara
resulted in & period of intense fluvial erosion. Actual out-
crop and surface determined the course of the new north £1ow-
ing ‘subsequents'. which hollowed out valleys starting from
small run off gullies on the edge of the scarp. By proéesses
of normal regressive erosion facilitated by the clay and marl
compositiorn of the Albian Wealden and lower Cretaceous, the
upper basins were extended to their present dimensions with
the formation downstream of a vast piedmont ‘plain. ~~In the
Jebel, the valleys are formed by smz2ll basins, arranged in
tiers; in which the profile is controlled by the lithological
diversity of the underlying formations: As the bed is
hollowed out the sill is weathered, and lateral terraces are
vigorously azttacked by run off. In this way the wadis,
engendered by the creation of a new base level, were able
to eat back and capture the headwaters of the more gently
flowing southern thalwegs for which phenomena there is abund-
ant evidence in the eastern Jebel in ‘the sharp deviation of
many of the wadis. Subsequent fluvial erosion dominated by
the process of continuzsl capture is manifest in all the wadis.

The creation of the Jebel front, in late Tertiary,
destroyed the old corsequent pattern. “East<west dislocation
end north-west -~ south~east faulting in addition to the

modifications causad by the subsequent retreat of the scarp
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and by the transformation of the sub=Jebellian regime both
‘ consequent and subsequent contributed %o thls."

) A1l writers believe that Tertiary upllft sponsorzng the
‘flow of wadis draining Sciogran and fracture was complete by
the Ple;stoeene with, however, traces of posthumous movements
5in the arés of Misuratine. In the Jebel the high vainfall of
the early Pleistocené led t0 the esiablishment of the mein
systems and theiy characteristics of eapture and multilinear
developuent either along the earlier pattern or through the
development in relation to the late Tertiary earth movements.

Belonging to the category of wadis of latest imposition
are:- |
4. Wadis flowing and furrowing the Jefara - esteblished on
Pleistocene and Holocene cover -~ Megenin.

ii. Brief torrents which cut into the coastal slope and
Pleistocene outerop at the sea.

iii. Torrents of Jebel incising the scarp - Western Jebel.
ive Brief autonomous wadis established on the Neogene
formations Miocene and Pliocene.

The basic pattern of the wadis is therefore eéssentially
guided ﬁ& teétonics, ise. north across the secarp to the Jefara
but in the Hsellata in response to the slope of the anticline;
“south tO'éynclinal ditch of the Ghibla; south-west to synclinal
slope, and south-east to dip slope of Amamra and Zliten.

This basic pattern has been altered by faulting end
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dé%ééifien of aeclian loess during the Pleiétoc@né.'
Faulfing_é Often large sections of ‘the wadis are:guided by
'faulfing particularly by north-west « SOuth-easf3'eg. Ww. Gan,
Gséa end Turgut. _

Aeclian loess <~ affects only small sections.in the Jebel but
is responsible in meny parts of the Jefara and Ghiﬁla‘fb; the
- truncation and infiltration of the wadis.

g The mcdelling of the original surfaces by erosion: and
river capture together with the effects of aeolian éépdéitibn
and faulting means that although the above directions aré
clearly seen they are often found in combination in nmany of -
the wadi systems. |

The influence of these features whilst governiﬂg the
‘direction of the wadis is also manifest in the shape, slopes
and nature of the wadi floor.

It is possidle to classify the wadis on the basis of
certain common characteristics obtaining in their profiles
and directicn of flow, even though there are marked differences
in direction and individual morphology as a result of tectonic
and erosional evolution (Fiés.-GaQA(SE)

l. Synclinal slope.

20 Northern slope consequents.

B Scarp conseguents.

1. Eﬁélﬁded in +this section are 8ll wadis flowing from the -
main watershed down the several dip slopes of the antieline -
and the corresponding slopes of the Ghibla syncline. Owing

%0 the lack of adequate icpcgraphical magps detailed study
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of these ‘wadis in their entirety is impossible.. However, a
few-rémarhs nay be made concerning the upper sections, The
significant factors are the sharp break in slope .in the .upper
section related -to the normal regressive erosiaﬁ and to the
fact that this tract is incised in the ‘acolisn loess whilst -
"lower seciions are encased in Garian limestone. 'The upper
seetions are narrow but well incised with a trivutary complex
giving rise to rounded undulsating relief. TLower down; the
wadiﬁ are well incised but between steep slopedlbanks=thé*;
valleys are broad and gererally covered with gravels and
pebbles in which the wadi course is marked by minor incisions.

. Thése southern wadis with their heads in the humid north
receive considerable flow of weter in the winter months but
owing to the permeable nature of the beds and the irregularity
of rainfall muech of this flow is subsurface: The itributaries
cf the Tzreglat run south<east then deviate to the north<east
in response to the southern slopes and eastern slopes from the
anticline.

Between the Tmasls, and the Soffegin a similar but more
exténsive defiation is seen. . The size of these wadis in
relation to the present fine graired sand wadi beds and the
occurrence in fossil terraces of the Soffegin znd Merdum of
coarse gravels and boulders suggeste that they weére initiated
in a past pluviial period. This is also berne out by the-
gradiénts of these wadis near their mouths which appears well

below the present sea level at Tauorga.
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...~Thé course of the Soffegin illustrates well the influence
of tectonic znd structural phenomens. -Froﬁnité-head.in the
Jdebel the wadis runs in a normal consequent course down the
@ip slope of the anticline to Mizda after which in response
; to'the syncline of the Ghibla and the proximity.of'the.Héﬁmada
it follows a meandering east =~ west-track..--Then:it.dgscribes
three-arcs before discharging in the Sebke of Tauorga.: The
first is:an accessory arc of the Jebel axis corresponding- to
thé;pericline, ¥hilst the second is the result .of the pericline
entériﬁg:a phase 0f depression which aligns the thalweg souths
west - . north<eacst.’ The last arc is consequent«to-the:Jebel-.
"slope. )

2.=¥'E9rthern slope_ consequents.

These wadig are only found in the zone of:tectonic
culmiﬁation-an& to the east; they irclude those wadis from
the Gan to the wadi Turgut. ' The forz snd direction -of many
of these wadls has been modified by feulting lithoclogical
variations and complicated, particularly near Garian; by
vulcanicity: ‘Noxrmally their direétion corrésponds to the-
élope of the ancient structural surface, i.e. north and north-
east.. They comstitute the longest flowing wadis in the Jebel
proper. Ir the ezst the upper basins of the north flowing
wadis. Ramle, Msabza and Saral are wide and well developedy -
£811ling steeply from the Garian limestone which marks the

watershed. They lie a2t about 3-4C0m's. Downstrésm, where
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they incise the less resistant Jefren marl and Ain Tobi
limestone;, the beds are deeply incised with, however, wide
channels and well developed Quaternary terraces. Towards
the ‘scarp they'are more deeply incised. Sharp deviations in
the course of the Msabaas and Turgut are a result of the large
biaclatase which may be traced along the wholé of the Gsea
wadi fé fhe Msabaa where its passage is marked by & sudden
turn northwards of both wadis. It is & wide; low surface
lying at about 2-300m's.

The'gvolution of the erosive processes in the Tertiary
h&s hotably altered and degraded the old wadi system. - The
relative youthfulness of the actual relief is due to the Post-
Mioccene uplift and the deep erosion in the Quaternary. After
the last pluvial phase the effects of aeoclian deposition were
dominant end resulted in the blocking and limitation of thal-
wegs, the lateral movement of courses and ccclusion of areas
of capture.

" Rather different are the valleys belonging to the zone of
tectonic culmination in the vieinity of Garian which run in
ecorresyondence to the area of eruptives, sedimentary strata,
and phonolite intrusives between Garien and Tarhuna. In
correspondgnce to the anticline direction of the sedimentaries
exists a vast zone of basalt effusives which partly cover the
Cenonanien-Turonian, and numerous intrusive masseés, covered
by the sediment areas, but exposed by erosion.

The valleys of the effusive zone often pass into the
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surrounding zone of Garian limestoneé and G.'Tigridna
formatlons and owe theiy form and direction to the slope
north of the old structural surface of the basalt but also

' to the struetural composition. Although the beds are more
' or less resistant; alternating beds of thick basalts with
tuffs crossed vettically and obliguely by faults and veins
cause the generally north flowing wadis to exhibit brusdpe
chanées'and meanders. The wadis are more deeply incised in
the less resistent Gasr Tigrinna formations.

The wadie passing into the sedimentaries and rising from
the Same formetion have been deepened as fér as the intrusives
and thus show changes in course as & result of lateral devia-
tion which’is caused by the outcrop of the intrusi#es‘and by
the Funning of the tributary wadis along the sedimeﬁtéry beds;
these dip from the intrusives. Thus, the cembinatién of
north consequente in the Gan and the tributaries controélled
by intrusive masses which rise nearthe scarp and flow south-
east - Guassem « has produced a form of crater in the softer
Jefren Marls and Ain Tobi lidestones; it is known as the plain
of Guassem. Although the main wedi beds are deeply incised
into the Quaternary deposits the valley sides are gently
sloping. To the east of the éruptive zone are wadis forming
the tributaries of the Megenin and these are modified partic-
ulafiy'by the north-west - south-east faulting which forms a

trough area near the scarp.
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Only a few of the wadis have large catchment areas on the
-Jebgl; Their courses traverse the,Pléistoceﬁe and Holocene
cover of the Jefara into which they are-often_deeply incised
as a resuit of Quaternary |
3, Scarp Conseguents. . |

Distinet from the wadis of ancient 1mne-1tlon crossing
the scarp which are aligned by tectonics and have a long deep
_pfofile, are. those wadis which rise from the top of the scarp
ofte?_frqm springs ﬁnd which_fall in brief.torrenta to the
piedﬁént ZON8, iNn narrow furrows. Here their courses are
indeterminate. They are more commonly & feature of tha scarp
area west of Jefren then the lower more mature wadi regime in
-the easternipartslof the Jebel. To their attack of the soft
clays and marls overléin by resistant limestones.and sandstones
owes the continual regre831on of the scarp. : |

. The wadis established on the Miocene (eg. Ghabbaza) ™un
in bgiet courses down the slope north east to the sea. They
have small basins at the head, but give way.to a narrow tract
then become gorge like in lowest tract. These wadis display
spall Quaternary terraces.

~ Within the whole wadi system cerisin types of common
morphological chseracteristics mey be recognised. These
correspond to the tectonic and structural featuees that are
indicative of direetion.

i.  Upper basins of north flowing wadis.
ii., Middle basins.
iii. Scarp zone basins.

iv. PFaulted basims.
Ve Upper parts of southern and eastern thalwegs.
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vi. Lower Dahar wadis. RN
vii. Wadis in the plain tracts of Jefara end Hisuratino.

i. h@gg,Upper Basgsinsg,

The Upper Basins of the north flowing wadis are generally
well incised to depths of 200m's in the west. Courses are
for the most part straight with a_se:ies of Quaternary
terraces and narrow wadi beds with rock face developments
At the sources there is often an amphitheatre development
resulting from run off on all the slopes. (Plate XV). Narrow
gullies are found above the basin to considerable ﬂepthé-in
the Quaternarj cover, |
ii. Middle Bésins.

The Middle Basins are more a feature of the wadis in
central and easternm Jebel wheré they have been influenced; in
the past; by extensive wadi capture, faulting, and especially
Pleistocene deposition. The basins are often of great extent,
being almost completely covered with Pleistocene loess.above
which the low denuded Cretaceous emerges to form small broken
ridges along the main interfluves or where fluvial action has '
stripped the wind blown sand. The wadis meander through the
basins with wide courses incised to depths of 5<10 metres on
the Pleistocene loess or calcareous crust. The wadis have
only in a few places excavated to the Cretaceous basement.
There are frequent examples of truncated valleys and in some
places it is possible to observe the phenomenum of occlusion
where accumulations of aeolian deposits have caused the wadi

to alter course. These basins are characterised by an aspect
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of low rounded reliefy broken by the denmuded slopes of minor
&nﬁe#ﬁlu&qs'w;th deeply eneased_wadﬁ beds; whiéh.are &uﬁjintq
the fiéiétocene loess. The main interbasin interfluve

are characterised by their denuded,,garrlgue covered slopes,
whlch.are-generally gentle. However important breaka in
slopé result f£rom lithological variation in underlying:
formatiaﬂéa

133, Scagp,Zone Basins.

These - 1nclude the lower Jebel eeetlons of the main Jebel
wadis which are. characterised by deep incision in the Pleist—
ocene as well as the Cretacéouss There is often extensive
deﬁélbpment-éf'terfaees in the latter, lying between the wadi
channel and the slope foot. The couree tends tO'foliow the
antieline slope but in these sections the effeets of faulting,
partlcularly east of scarp at Garlan, are proneunced. The
main wadi-channela are wide, meandering in the Pléistocene in |
nafrow valléyé$ . The minor wadis are deeéply éncased being
exténded run off gullies wifh little lateral terracing and
with congiderable rock face development.

ivi Paulted Basing - Wadi Gsea, Wadi Turgut - Megenin.

Effects of faulting may be seen in the narrow and heavily
inc¢ised valleys with markedly straight coursel. .These are
common in Northern Msellata (Wadi Turgut).

v. Upper Parts of Southern and Eastcrn Thalwegs.

The more gentle slope to a distant base level means that

the morphological characteristics of the southern thalwegs are
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“"distinet from those flowing northwards. The upper courses
- +generally originate in the Quaternary in which fun:off channels
' and ‘gullies are deéeply incised. However in thesé upper
ﬁiecﬂfégs-inciéibn is often prevented from reaching ‘the
C¥e‘dceous base by the caléareous erust development. Lateral
‘erosion is. of greater importance and the wholeé area is one of
rounded relief. The larger valleys are of great lateral
‘extent with an even slopée and gently rounded unterfluves -
Wadl beds often 10 metres wide being covered by sand, gravel
~ and angular voek fragments. | .
vi, liower Basins.
As rainfell sharply decreases southwerds the wadis are
- eharacterised by brozd massive valleys encesed between mesa-
likxe formations of aeolisn covered Garian limestone.

| vii._Jefara & Misuratino Wadis

The almost total lack of wadis .crossing the lowlands of
Misuratino between the Sebka of Taporga and the Casm,
contrasts with the frequency of VWadis traversing the Jéfara
-@ast of Azigia. These wadis - Megenin Ramla Turgut < exhibit
mature profiles and are incised into the Quaternmary cover in
‘narrow valleys. Nearer the sea however these wadis are gorge
like and cut through the Miocene and ancient alluvial fans.

In genéral, 510pé-development is controlled by the action
of wadis working towards the two base levels in the Jefara and
Ghible with the degradation of the Jebel and the gradual
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sugmentation by deposition of the plains. This actlon is:
Mpartlcularly pronounced in the northern edge of: the Jebel

. where, the greater humidity; and the: rapid descent ¢f the wadis
from the scarp. and the high level. surfaces determines a strong
vertical erosion on the. less resistant beds. exposed beneath the
Garian limestone. This process is relatively mature in the
Jebél t0 the east of Wadi Zaret and especially in Msellata.

By contrast the wadis of later imposition located in the more
arid west without the same regressive powers o0f erosion. only
incise the Jebel a comparatively short distance from the scarp.

On. the other hand the fall to the Ghibla of the south
flowing wadis is gradual and the capture of their heads by the
_qoxth;flowing wadis has inevitably reduced their powers of
vértical erosion. Thus the absolute and econtinuous dissection
of the southern slopes is less intense than that of the Jebel
front.

South of the scarp occurs the most rugged terrain in the
Jebel: WVWadi incision is.profound with narrcw almost I shaped
valleys. The plateau dissected by the wadis consists of
twisting narrow ridges which are swollen towards the front to
form peninsular spurs. In the more humid 2zones of Cussabat
.'ggngciagran the advanced fluviel erosion has given rise to.
‘more rounded interfluves with gentler slopes and wider V shaped
wadis chammels.

The whole of the northern edge ofthe Jebel is an area of



:ﬁ;;iethéﬁgéin:and'éoillerosion is advanced espééiéily-ih the
denuded areas whére run off is high and lesds to gullying.
This process is sugmented by the sgricultural practiseés of
=clese grazzng pulling of Esparto grass and “the ‘cutting of
numérous ‘chinrels to ‘feed trees and ‘cistérnss v

The utility of these wadis end their secticns és'ﬁégafds
‘accessibility, water supply and soil fertility varies considere
ably. | -

. 'fhe Uppér Basins, for example-easr“néga;-have“tne:aavdnts
age'éf’being-mocated in the humid northern edge of the Jebél.
In addition they are easily accessible from main cdncordant
ﬁdﬁﬁeé-aléng'the'back of the Jebel. :Thé'area§'aré‘9mall but
watér is assured from shallow wells. In order to be successs
:fuiiy-cultivated'terrécing'anﬂ conservatidn'féchniques'wduld'

The middle basins appeareminently suitable for sedéntary
agriculture because théy are situated in aress where the
amplitude of relief is great.

There it considerable scope for agricultural development
in the séarp zome basins provided that run off water from the
Jebel can be controlled and utilised efficiently. Otherwise
the-iar@e*fl&t‘@r'geﬁtly undulating areas covered with deep
Quaternary deposits form attraétive sites for cﬂlti&ation and
settlement. _

Some of the largest areas of flat land in the 3ébéi are
found in the faulted basins. They are well sheltered by steep
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,wallsaahd=soils are deep but settlement depends om a fluct<

vating water supply found in shallow wells in the wadi beds-
Areas of the Dahar most susceptible to cultivation are

the upper parts of the southerm and eéastern thalwegs which

!

aré surrounded by denuded interfluves. They f£orm regions -of
hﬁmidixy and deep scils.

The lower basins of these wadis are broad but their

agricultural value is limited by the aridity and low rainfali

o0f adjacent areas.

The wadis of the northern plains contain fertile alluvial
soils but their use depends on the means employed to control
their flash floods and to dispesrse the water eéithér by draine
ing in the lower reaches or by spreading in the Piedmont zone.

| The area of flat land lies in restricted zones to the
south of the Jebel front but is discontinuous. Being incised
by wadis the slope from the main level surfaces is generally
steep moyre espeeially in the area surrounding Garians The
large accessible flat wadi bottoms therefore assume greater
importance. In the proper utilisation ¢f these northern
slopes lies the solution to the continuocus degradation of soil
resources.. o

,mhé'eiementsAthat determine slopeé are primarily the wadis
and mountain forms which are dependent on the structure and
stage é%'erosian-

In the light of the preceding discussion it is possible
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to identify several phySiog;aphié.zegipns. These are defined

-

8ge-

(1) Jetars. |
.Qihe;Jeiara:zepresents & plain of erosion and subseguent

ingilling. It is defined by the sea to the north and by the

~ Jebel Scsrp in thé souths - The plain is relatively wniform

and 1ittle:disgqcted by wadis. There are ;hxeewa;ggiﬁicant

divisionsis |

(1) A narrow cozstal plain no more than 50 metres in height

~end backed by a cardon of,maripe and continentel dumes.

(1i) The Unduleting Jefara constitutes an area of continentel

dunessy Proceeding from the coastal belt the southern bound-

ary is defined by the approximate line of the¢furthést Miqeene;

ingression running East Forth East « West South West; through

Agizias

(111) ﬂhe Plain Jefara was formerly the sub plain of the Jebel,

In this region the; calcareous .crust is. predomlnant and- part;aily

~accounts for the neerly unbroken level surfsce. It merges

gradually into the :Biequnt Plain of the Jebel. The Pre-

Jebel Hills stand out above. the general_;qyel§;(gla#e XV1)q;ﬂ“

II. Misuratino JTowlands.

This .area .regembles the Jefara as regards the general
unifprmity-of relief but it .is much smallér. Unlike the
Jefara the Jebel forms the hinterland only in the east to the
south of Homs. - Eldewhere
dissectggfhill lend which allows maximum penetration of_suuﬁh#
. e?n.é1imétic influeﬁcesu However, the dunes, calecareous cfust
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and Setkas are features comion to both plain ardés.
IIT. Jebel |
| ‘Within the Jebel thére ave five distinct morphological
zonegis’ o |
‘(i) Piedmont Zome.

| 0¥ zore 45 regarded as &n extension of wadi conditions
‘in tHe scarp zone. Theé slope is roughly 135% in this area
an&VEf”héé’beehﬂccloniged by the indigenous Jebel tribes.
(i1) ‘Scarp Zones | -
T thé scarp zone is composed of steep ‘slopes and déeply
incised wadi charnels of the Jebel fromt as well as the area
imbediately to the scuth: Settlément in this extiremely
'ﬁugéqd zoﬁé’is-éonfinéd to the 1arger-Spuré and Quaternary
;térfaCesq
(iii)Inner Basins:

With 'a thick cover of Quaternary loess and more undulate
ing relief these arcas are soms of the most fertile in the
Jeébel but as yet they havé only been partially utilised since
théy formed in the past traditional graszing grounds foi nomad
herdsa
(iv) Plateaux.

The platean surfaces of the Jebél are compomd’ of gentle
slopééﬁaﬂd‘étrétches of flat or un&uléting‘terraih. They are
covered with acolian sends. Wadi incision is low eince this
gone iies.bn’a,dip'slope- It is defined roughly by the 200mm-
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(v) : Dihars |
. .The greater aridity combined with the thin and mainly

discontinucus cover of acclian sand have led to-the formation
of large, flat mesa-like plateaux broken by the wide end deep
wadi depressions: - Whilst the interfluve areas are largely
devoid of soil the wadis form regions of fertility amd Enmidityg

As well as these divisions of the Jebel there are three
larger lateral divisionsi-
(I). ¥esterm Jebel

The ¥estern Jebel extends from the Tunisian border to the
Wedi Zaret. The region lies on the dip slope=to'ihe south
west of the zone of tectonic culmination. . Horizontally bedded
strata has been litile altered by North West » South East
faulting. The sinple hydrographic pattern of north end south .
flowing wadis has given the mountains a tabular aspect.
(2) Central Jdebel

Bastwards the Central Jebel is defined by thq'igcision

of the Wadi CGherraias This region-coincides'withithg area of

orographic culmination and the zone of éruptioem. '

(3) Eastern Jebel _
The Eastern Jebel is distinguished from the other wo ™

regions by the following featuress- _ |

() A%ignment - it liés to the north east of the main tectonic

axiss | . .

(b) Compgéifion - The Turonian end Jurassic béds are hardly

representéd in this region.
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(¢) “Surfaces are much lower.
(@) ' Pluvial erosion is more advanced. |

_Prom the point of view of land. settlement and cultivation,
the Jefara plain represents the most important physiographic
wnit, in Nerthern Tripelitania..  Topographically theé plain
‘allows freedom of movement end access to maritime eclimatic
condifionsa The largest acquifers with the best quality
waters are located in this region. It is also the natural
focus fo;'the Jebel and interior plateaux, Settlement is
more difficult in the Jebel where topgraphic.units are smaller,
the amplitude of relief greater; and where water supplies are
inferior to those of the Jefara or east. coastal plain.

" Although the Jebel scerp appears to divide sharply the
uplands from the plains the wadis tend to unite the different.
physical wnits. , If they are to be fully utilised it is
essential that the problems of soll and watér comservation.
be considered throughout the entire watershed areas. This
means the prevention of run off in the catchment areas of the
Jebel so that the danger of flooding and destruction can be

reduced on the plains.



~ CHAPTER III

Soils o

No comprehensive -empirical .study ofﬂthé;ppéncipal soils
‘of ‘Tripolitania appesrs to bave been.publisﬁéd-énd-a.soil map
5till awaits compilations  The sreaterspartfof thg-Ifalign
results of soil and groundwater investigation which appeared.
‘between 1912 and 1942 remain unpublished in Italy,

Fortunatély the suitability of soils for the olive, in
terms of yields, has been investigated in other Mediterranean
countries; in particular Tunisia and ltaly.
pgfivation,

Since Northern Tripolitania lies with an arid and semi-
arid climatic zone the soils of Northern Tripolitania have
been derived primarily from the physical and to a lesser
extent chemical weathering of perent materisl arising from
two sources: the Mesozoic formatione of the Jebel and the
aéolian deposits from the desert regions south of the ﬁahar.

- The soil types belong to two distinet regions. In
contrast to the Jefara and Misuratino-loﬁlands-where the
soils have neen derived mainly from the alluvial erosion of
%he-Jebei and marine sedimentation the soils of the Jebel are
not independant froom the underlying Cretaceous strata (lime-
stones, marls sandstones and shales).

SOIL TYPES.
(1) Coastal Belt.

Brown Pedocalic Regosdls.

There is no clear distinction beiween soil of coastal
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belt and'auééeeding Steppe areas exbeptwthaﬁ induced by greater
'humidity and more c¢ontinuous cultivations

A great proporticn of the soils of the coastal belt,
including most of those under -euilt_-'.-ivafionw,- f2ll within this
_%ategary(;AIb On the whole these sgils are deep, but in the
-Misturata area they become increaSiﬁgiy;shallewfand nore compact.
They are loose,; friable and permeable. They are immature
soils and show littlé or no profile development: Typieally
'they have & PH grester than 8 snd contcin free calcium
carbonate both as fragments and small nodules. Ususally
-'ﬁéy do not contain stone or gravel, and are largely confineéd
to szndy aress. Unless the surface is protected-by vegetation
- these soils are susceptible to. wind erosionj  the effects of
wind ere evident everywhere and-ékemplifiéd‘bm-rippie markings
on soil surfade of olive and slmond groves in this region
(Plate XVI)':  -Although with sound irrigeticn technigques, the
availabiiity of plant nutrients soon becomes limiting; in
general, meisture is the controlling faétbr for crop production.

In order to study this soil type in more detail & soil
pit was dug within the precincis of the experimental agricults
ural station of Sidi Yeari, situated a few kilometres to the |
east of Tripoli City: |
Profile I  (Deep ploughed land in close proximity to the Wadi
Megenin.)

Here the surface was covered by large clods to a depth of
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2 feets _The surface horigon appeared to be a.résult of an
overflqw,from the neighbouring Wadi Megenin. In years of
highifISOding the area affected may be considerebly increased.
The alluvial deposits accumilating on the surface can be
consideratle. .

Al. 0=35 cms:

: ‘Phe surface soil was grey. buff in colour in.contrast to
the orange brown-of the succeeding horizon. The soil was
dry; frieble end. free draining and clode were found td break
down to single grains with little preéssure. Grey bute
fragments of indurated clays about 2 cms: in diameter; together
with occasional fragments of calcium carbonate, were observed
throughout this herizon. The horizon was sharp and even
somewhat compacted towards the base. Rootlets were- seen to
be present -throughout.

B‘ 1. -.

=105 cmss:

- Orange brown fine sandy soil; mostly single grain
structure; with a few small fragments of calcium ecarbonates
No roots were found to be present. _ .

B2, 105 cms: to depth

Light brown coloured sand with numerous particles of
calcium carbonate.

The phyéi—cal and chemical analysis of this soil (Sample 1,
Table 13.0) reveale thets=
(a) The sample is classified as sand or loamy send reflecting
its ameolian origin. The content of organic matterﬁwas.low
end this was associated with low carbon and nitrogen percent-
ages.
(v) A,notabie feature is the low total of exchange capacity
although this could be expected for extremély sandy soils low

in organic status. The distritﬁtiOn'ofleXchdﬁgeable cations
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exphasises +thé high sediun percentages The level of available

' phosphate ‘is low and the absolute aswmount of .exchengeable

potassium is also low: Water holdéing capacities are inevits .
ebly low but & compensating factor is the good depth. and . -
uniform textures The extremely light texture makes them
higﬁly susceptible to wind erosion.

2. Shifling and Fixed Dunes

| The extensive areas of sand occurrlng parts of the coast,,

1nueiLor steppe and Jebel has been noteu and mapped. {v.
(Fig; 5). These form Azonal soilsof the genetie e}assificationa
Two .types of sand are present, marine and ccntinental'éhd
different combinations of these gi#e rise to a variéty of
intermediate soils.

e distribution of the Marine sands is 1imitéa'to'the
coaztal belts Robb(15) estimates thet moving and barrén dunes
cover an area of approximately ilE,GOO'hee%arés in ¥erthern
Tripolitania; These sands are kuown to have engulfed the
gncient Roman city of Sabrétha which i& situateé sbout 15
kilometres to the west of Zavias The dunes hére are associated
with a westward spit and lagoon typé shoreline. As a result

of the presence of fragments of sea shells, mélluscs, and
Toraminifera the colour of the marine sands is g grey'ﬁhite
though sometimes with bYlack and orange particles: Qhéy
contain much more carbonate than the eéntinentéi dunes. The

particle size can.vary ané although there is an appreciable
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#mué?oportion of coarse ssnd mest of the-rgrains are less than
O:.2mn's in: diameter. '-Gambi(lsl‘givesva complete chemical
annlysis of thé marine sands close to Homss. - -

Ewen in' the coastel belt aeolien sands of continental
origin are of greater importance than the marine sands as
parent material. Ushaily‘%he-fofﬁéf are very fine graimed;

" the majority of particles being less than 0.2mm's in diameter.
The colouxr: cf the aeolian sands shaééé'frdﬁ réd to brown -
dependingﬂ8n=the-degree of hydration ol iron compounds. The 1
cantentfof érganic-mattér is low. |

Associated with the dominant quartsz fraction are various
minerals and felspars together with a little carbohates tut
niéa is usually absents Profile developument is virtually

' non=existent and the soil formed is immature, homogéﬁeous and un-
consclidated.

.The clay fraction is in the order of 6% and Theré is
cbnSequehtly;littlg cohésion or adhesive properties; - the
sands are therefore unsteble and comstanily moved by winds
and readily eroded by watera

Sané duné euncroachment on cultivable s0ils has long been |
‘g problem in Tibya. Sir Je Russell(%?o as & result of his’
visit in 19%9; drew attention to the'm;thad adopted by the |
Iteliens of planting eénclosures. These wére about 2 metres
apsrt and were made by driving stems of dead speargrass

. (Impérata cylindrica) into the soil, and then planting a young
sapling in this céntre. This highly effective though costly
method has been developed successfully by the Foresiry
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- Department. With the technique of ‘dissing' shifting dunes

may be fixed and made to produce Acacia. Euecalyptus and
Pine, though in sparse stand. There is sufficient intermal
water available in the sand dunes to support this degree of
rank vegetation.

Most continental dunes exhibit varying degrees of
calcification in their lower horizone and when §he"water
table remains constant, over a long re riod, fheéé sénds_ﬁay
become highly cemented by the calcium carbonate or sulphate
present, into an almost solid formation., Such a formation,
kmown as Tin, was observed by the suthor and quoted by
Principi, near the Israel cemetery in Tripoi;.

Solonchaks. '

Forming a distinctive category are the saline soils
belonging to the Halomorphic sub-order of the world classifica-
tion. (Table III, Sample 2). These arée well developed along
the coast m% occur also in the Jefara and southern parts of
the Dahar. (Fig 5 ) Already we have discussed the three
main reasans for their occurrence..:. '}@

In general the Holomorphic soils ere of little significe
ance to agriculture unless they can Ee drained and the salt
concentration lowered. However, when the salt content of
the Sébkas is not excessive, as for example at Tagiira, some
salt tolerant grasses will fldurish and can be useful for

grazing purposess But where the salt content increases
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Halophiie vegetation will develop and this is of :1ittle use.
Soils of :the Interior Plain

A variety of soil types .occur in this steppe zone of
the Jefgra and Misuratino with no sbarp line of ‘demarcation
from those of the coastal belt. Thus sand dunes similar %o
those described can be found especially in the northern part
of the Jefara.: In.the same wajﬁeehkas'invade=localitiés
where conditions are conducive to their'developﬁent@ The
problems presented by these formations are essentially the.
same as ,those in the coastal belt. Moreover the greater
part of the area is mantled by an extensive cover.of, _sandy
soil, the characteristics of which indicate 1ta classifzcatzon'

eirn

Brcwn Fedocalic soils.of Interior Plain

as a Brown Pedocalic Regosol

These moils exhibit most of the characteristics of the:
regosols of the coastal belt as already described: In
part1cu1ar the profile is undifferentiated. The depthy.
though varlable, is .about 30-40 metres according to Comel™- G»
tut is often much less in Misuratino;

A more precise description of these Regosole results: from
investiéétione by the C:iO.T.H.A. organisation; in citrus grove
soils at Azizia; which they designate as an intermediate. type
oftsoilg It Is described gs a fine grey brown sandy soil
with 1ittle clay and silt and: occasionally covered by small
dunes about 1 metre in height. Here the so0il is usually about

10 metres in depth. It ie low in organic matter tut not so
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low as'in-the true sandy soils and exhibits soms ‘dégree of
.coheaioéjx'.It.presents4 in the northern part of the plain,
a featureless landscape, brokén only by the Triassic kmolls
and by sméll mounds with a eharacteristic vegetation of
Zizypbus Lotus:

' Wo' trué profile development can be distinguished but
occasionally there is u suggestion of horizons. ‘' The -grey=
brown colour i8' the result of the presence .of alluvial layers
of' ealciuin' carbonate;occurring at varying depths.

The soils of the Bir él Ghnem area are typical of the
Régoséls found in the Jefgra plain but are slighly more
compact -than those soils at Azizia or Crispi -(Table III;
Sample 3)s Théy consist of a red brown sandy loam not
markedly different from those already considered. Significant-
features are the low nitrogen content end the medium available
potash status: In most analyses the sgmple closély résembles
those alréady mades '
Cemented: Soils and Crustal soile

Attention has already beeh drawn to the presence of such
soils in Northern Tripolitania. The process of calcification
may result in the formation of calcareous layers of varying
hgrdness; extent and thickness. . These calcarecus layers may
also be deposited on the surface as a result of climatic and
_ séiilcénditians; thus formipg a hard crust.

According %o GaﬁWelI(IgD a deposit of éale¢ium éarbonate

. or mixed calcium and magnésium carbonates o€€urs at a depth
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:(iJ'WSidi Bemur
(2) Tagiura -
gs) Bir Chnem

(4) Alluvial Soil (Wadi bed below Nalut)
N _Retio

7
5
9.
8
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l”s.(Lewlands) =

Brown Pedeealie Regosels of the CGoast.

Solonchalks

. P Carbon  Nitrogen
(1;“ 8,75 0.04 0,005
(2) 8.8 0445 0 .04
(3) 84 0.17 0.01%
(4) 7.95 0.16 0.02

1l 0.14 2:90
7 02 6.89
1 0.5 595
% 0. 79 10,14

- Available Nutrient Status
(Extracted with N, Acetic Acid).

(1) 2.0 0,05 0O
(2) %.0 1:04 2,
(3) 3.4 0,101
(4) 6.4 2.12 ©
R0

(1) HMedium

(2) TLow

(3; Medium

(4) High

- After Willimot S.G.

P205
Trace
Medium
Trace
Low

Orgenic HMatter
0.07
0.78
0:29
0423

Zextural Class

Sand
Loamy Sand
Loany Sand
Loam

% of Total

e Mz Nz K

690 1.7 24.5 4.8
4335 15.1 373 4l
57-1 lo? 3201 901
63.1 20:9 8.2 7.8

Soils of the Jefara.
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- Sam gle“i - S1d1 Benur
Thls sample is classified as sand and reflects 1ts
aeollan origin. The organic matter content is low in
association with low carbon an@ nitrogen percentageé. The -
s0il is very alkalinéa A notable feature is the low total
excharnge capacity for sandy soils of low organic content.
Sodium content is high but that of magnesium is low.
Sawple 2 - Tagiura
The sample is representative of a marshy ares with a
high salinity. It is a loamy sand with a high P.H: - The
percentages of carbon and nitrogen are again low. Because of
the higher clay content the total exchange capacity is double
that of S;di Benur. The hlgh percentage of distribution of
sodium and magnesium is c}early related to the saline ground-
waters | u
Sample 3 - Blr-el—Ghnem
A 1eamy sand’ not markedly different from Sidi Benur.
Nitrogen content is low and the available potash status is
only medium eveﬁ though potassium contributed a high proportion

%0 the total exchange capacity.

- Semple 4 - Alluvial Soil - Nalut
A loam so0il of P.H.8.0. The organic matter content was

low but it had e high phosphate status.
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of-be%ﬁgéh 20 end 30 inches; throughout the Jefara. When
the. layer becomes hard and cemented it is usually termed
iCaliche' and may create adverse drainage conditionss:
Caswell found caliche deposits to be much more prevalent

in the B 4r el Ghnem area than at Azizia and states that in
the cou:se_of'drilling operation caliche was encountered at
a.depth:oﬁ 7 feet and found to be approximately 60:feet thick.
In the western and arid parte of the Jefaré.the'ealbareous
deposits rise gradually and eventually resch the surfaces;

8 éonsidefablé-areﬁ of the western plain is thﬁs covered by

a calcareous crust which is charactéristically associéted
with extremely lw rainfall (less than 200mm's) in the hottest
region of. the Jefara:. These areas are unsuitable for culti-
vation and are of little use for grazing. | |

Alluvial Soils

These soils have a diverse character and distribution
(Table III). Numerous wadis flow frem the Jebel, north into
the interior plain of the Jefara, east and south east to the
lowlands of Misuratino. Only a few of these reach the coast
when heavy rainfall occurs in the Jebel. These ﬁadis aré
¢losely associated with én alluvial seil resulting from the
deposition of fine and coarse material, eroded from the hills.
Soilé'thus formed vary in texture from coarse sands and gravels
in the Jebel piedmont to heavier socils in the basins and
depressions of the Jebels From year to year the wadis often

change course due to variations in flow and thus they give rise
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to.af¥ﬁriety-01-soil naterial . deposition infdiffé;ént.localé
itiess . Notable: amongst these is the Wadi Megenin.. Most of
the fertile soils of the Jefara originate from;the;alluvium
of: the Wadi Megenin derived from the Cretaceous beds:of: the
debel |

- fhe heaviest 56ils in thé morthern: parts of. the lowlands
are found at some distance from the Wadi'beds where the
éushenSionqload;has:béen depoaité@.- These deposits are :
knéwniioeaily by Arab farmers as Tin.
Table Mechanicel Anelysis of Tin

Sand. 5 » 10% -
Silt 60%

Clay up to - 30%

. The heavier texture does not respond well to dirrigation
since the water tends to lie on tkhe surface. They have a‘
pércolation rate of only 5 - é6cms. per hour. These a&lluvial
soils are of some importance in the areas of AZizia; Biy el
Ghem :and Gasr Chiar. Where they extend northwards from the
Jebel scarp, They include the Gattis (floorlands) and the
Dafnia (steppé) in Misuratino used for shifting cultivation.
In tﬁésé%areas the -land is ploughed oncée every three years
depending on reinfall, and then lies. fallow.  This allows
the wind to recomstitute the soil by aeolian-deposifiona
Biedmont Soils

Colluvial soils occur in the piedmont zone along the whole
length of the Jebel scarp in the Jefara and to a lesser ext%nt

in Misuratino. In general they become more gravelly and



-87-

develop into a ‘series of long, narrow, esker-like ‘ridges.
“Liiho§ols,

”&heéetare Azonal soils and congist of fans of stony
materiel and gravel which 4s’ brought down -when the wadis are
4in floods During the course of time the fusion of these
deposits give rise to the formation of a detrital belt.

Thesé' immature -soils are of 1ittle consequence: to ‘agriculture-.
Skeletal Soils -

These low wvalue; immature soils: are found prlnczpally
‘on the ‘erodéd hills of the Jefara but also on the interfluves
of the EBastern Jebel (Plate XVIII ). *-These¢ areas are-sd eroded
by wind and water as to be almost devoid of soils
- Soils-of. the: Jebel _
The soils of the Jebel are derived both from ‘the physical

and chemical decomposition, in situ, of the bedrocks % clays;
shales sandstones and limestones = and from the aeolian
Quaternary deposits: The admixture of these constituents
combine with the variatiens in ¢limate and morphology to
produce a variety of soil types, ranging from brown ‘Pedocolic
Regosols distributed over the high plains to the skeletal soils
 of ‘the semi>desert regions. .

‘The. soils of the humid northern zone of the Jebel are
pfevaiently aeolian, sandy calcareous and fine grained.
Becatise Of & uniform profile it is often: difficult to
distinguish soil from sub~soil although some 10531 differences

are created by the presencé of the calcaréous hardpan. In
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g@nérgl the depth. 6f the soil is only a few meitres but reaches
aem@ﬁiﬁum-depth of 20 metres at Tarhuna; it is distribute¢5.
discontinuously in Garian; Msellata and the scarp .zone.- '
Where ithe: yocky. sub+s0il. is hear. the surface: it naturally;-
influenices theyéonstixution and structure-6£;$ﬁe<over1ying
soil.  .Quaternary deposite are often profound -¢n the ‘plains
but:léSSguniformain'the.éeérp:zbnefwhere:wg&iﬁérasion;isFmest;
intense. Where the sub=soil:notably influences: the- s0il
then it beccmes.more coherent with"é:highfcontent"qf:calc;um
cgrbonate;.réflecting the prQGOminantly“cglcareous”naturelqi;
uﬁdéflying strate., On the other,hané-where the. subsoil is
deepy under the Quaternary cover;jthe QOil.béqpmeé.more?loese'
and permieable:.. Thus the physical rature of the soil ténds
to vary according to site between theasearp.and,high‘plainéi:
wadi and interfluves. '
- Praditionally, the :Libyan: farmer: recognises threé main
(cultivable) soil types: These are known as:« |
(1} Ard Hamre.
(2) Ard Hammari:
(3) Ard Ten - Tin:or Tein.
The mechanical and chemical analysis of these soils is.
shown in Table T.
A:dTHamrag
This soil is similar to the Brown Pedoecolic R%%osole of -
the Jefara and displays no profile development.excént for the
differentiation caused-by.the-calcareéusvhardpan which readily

Porme in these soile . .. Typically, this soil is developed on
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the Tar huna Central Plateau; but is: also found on the:lzrger
plains and wide wadi depressions.

- In ordigin, the sSoil is predominestly aeoliani it has a
sandy ‘texture; reddish colouration with little compactness.

Because 6f the -high calcareous content of the esoil it is
slightly more cemented than the dune types (Ar Ramle) dispersed
over ‘the 'soluthern slopes of the Jebels
* ' The Libyan farmer cultivates these soils in an extensive
ﬁgyei:'Oli?@S;ﬁnd cereals are the dominant crops:  Because:
‘of its predominantly sandy tsxture ithe seil 1s highly permeable,
with a :good rate of infiltration. Rhinwater-iSureadiLyf
‘absorbed thereby facilitating the root dévelopment of perengggf
eYopss - In several small springs=irrigated gardens of Tarhuna
thé roots of Herba Medica were observéd ‘to reach the acguifer
at érdepthfaf 6.5 metres. At Garian palm roots were aeén %0
_extend ‘dowmwards for about 7+8 metres im this soil.

Wikh“respéct t0 fertilizing elements this 60il has low
‘absorbtive powers. - The organic content is poor whilst the
available natrient status'of'pdtassﬁum-and:phoSphates-is‘léw
(Table 5). Uhless measures are taken to stabilize this soil
it ‘dessicates rapidly and may become unfavourable for cultiva= -
‘tion,
Ard-Hammari ~ _

‘The Ard Hammgri is less deep than the Hamra 'and las a more
‘Pestricted distriWition.over the Jébel: It is commenly found

in the valleéy orchards of Msellate and together with Ten



~-90-

oocggiéb the great wadi beds and terraces to the south -
Soffégin etc. Being more shallow rainfall can penetrate
throughout the soil and thus the formation of the calcafeous
crust is not so constent &e in the Hamra: The soil is

light red in colour and slightly more coherent than the Hamra,
It is regerded by the Libyem farmer as the szme value as the
Hamrsa.

The Ard Hemmeri ie & iransitional soil between the Hamra
and Ten. It differs from the Hamre in having a higher
caléium carbonete content ané lower proportion of fine sand.
Being less deep, the-underlyéhg parent rocks are rezadily mixed
with the sand. As a résult-the calcareous crust is less well
developed. In general the clay fraction is higher in this
" 801l especially where the pareat rock is formed by Jefren
Marls. In consequence it is more compact and less permeable.
The low available mutrient status end organic content is
simlar to that of the Hamra.

Ard Ten

~ The Ard Ten contains a greater propertiion of local
material as opposed to transported aeolian material and large
quantities Of marly limestoue are mixed with the sand.,

-In genéral the Ten is less red than the Hamra oy Hammari
and is found in dissected rocky areas, as soils that have been
slightly displaced or mixed. Their high limeé and clay content
is respoinsible for their greater compactuess. 6%ten the soil

is shallow where it occupies the slopes of higher elevation.
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It.ﬁs,found_also as an alluvial soil in the sddrp sone and
the great wadi area to’ the south.

The.Ten is well suited to caltivetiorn' although locel
-Parmers clsim that it is difficult to work. The soil of
thefsedimeﬁﬁaries,derived from volcarnic parent rocks are also.
¢é11e5|Ten but they are less emsily erodible, Aré Tem is .
rafely found in' the Western Jebd.

A good Tén is muck more compact, more calcereous; and
lesé;sanéy'than«the other two types; 1t is therefore the
lezst permeable: The organie content is§ higher and the:
amount of potassium is considerably greater. The clay
fraction in the Ten is tkhe highest for all Tripolitenian
g0oils owing to its lowland distribution and t¢ the marlaceous’
outcrops in the scarp zone. The Ten appears therefore as
the most fertile soil type in the Jebel.

Beyond the Jebel rainfall diminishes and vegstation
becomes sparse:énd stunted,; S0il farming processcs are there-
fore limited and slow. -The northerm part of the Dahar is
partially covered by & thin Hamra soil. In the Steppe zone,

- behind Zliten and Hisurata, Tén and Hammari occupy the valleys
and slopes but on the highest parts of the,inferfluves soils
are generally thin and akeletals

+ -South of ‘the Dahar there is a noticeable increase in stony
matérial amounting to 30% and 64%, 50kms+ south of Garian

end at Mizda respectively. The clay fraction on the whole
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_is-higﬁer but ‘because of the high temperatu;gs and earidity,
whaérorganic'material there is, remains dry on the surface.
‘Beyond Mizda and Nalut the climate is .deecisively arid

end the :gromth ‘of natural vegetation is severely limited to
¢he?§adi“beds; Culiivation is virtuslly impbasible:on these
immature soils constituted primarily by roék fraguents
'(Haﬁmada);-gravei (Se?ir),'and mobile sand dunes (Ramlg).
Soloncheks occur in small basins south .of the Jebel whilst
1ithosols and skeletal .soils are common on most of the -
dnterior areas.

s+ ‘Prom the above analysis several conclusions can be made
regarding - the soils 'of northern Tripolitemia.
(1) Over large areas of the region soils with negative:.
 physical and chemical properties occur; often in the best
‘rainfall zones. These include the solonchaks, cirust soils
of the Western Jefara, the 1ithosols and gkeletal scilse

(2) Most of the .s0ils are very calcareous, with an alkaline .
reaction, éaﬁhér poor in nitrogen, low in phosphates: and.
potassium. Howéver their physical eharacteristics, predomin=
‘antly sandy or sandy loam, mskeé thém easy to work, with the .
.exception of the Tin lands, and adaptable to dry farming and
irrigated agriculture where water is availables However,-
becsuse of their high infiltration rates they require friguent
irrigation. '

{(3) The most fertile soils are the Tin and.alluvial deposits

but they are unevenly distributed and often occur in regions
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Wheére aétess 1o physically diffioult 6rﬁé§;e'away from the
best rainfall areas. _Théée'seils'are the most intensively
cultivated in the Jevel’ whereas the seat of cultivation in
the northemm plains aré the bréanPédcéplie“Regoaois-which
are only transfomied steppe soils.

(4) The fine sandy soils - Bfown Pédoe@lic'ﬂegbsols of the
interior plain and Ard Hamra of the Jebel « are the most widely
distributed of the cultivable scils. They occupy the pleins
and uniform plateaux areas. They appear 1o be least'apprec-
iated vy the Libyan farmer who utilises them mainly for shift-
ing cultivation of cereals with scattered gro e of olives: ™
In contrast the Italians, by sdopting successful conservation
‘techniques use these s6ils intensively and cultivate 'dry land
" tree crops in specialised and mixed orchards.

(5) ﬁhﬁoub%edly the low fertility of soils is responsible in
part-for alternating productior of the olive tree. |

,Soil.Réfuirements;of_the.Olive

It is widely accepted that the olive is adaptable to a
great variety of soils but thrives best on deep limestone
soils of moderete fertility with a sandy loam texture.s
'éarusoczob holds that the olive doés not prosper on extremely
sendy or clay soils. If the winter rainfall is low then
fructification is seriously affected on the former. On clay
s0ils depending on the rainfall the olive may suffer from an

eéxcess o0f humidity. Evean though rainfall msy be éxcessive
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?f the topbgrabhy allows free draihage theén the tree can grow
énd produce wéli on éompact soils. Morrettihi(21) recalls
that the olive can'gfow well, on the clay soils of the:hill
zone and even on thé chalk and plioceme clays of Serese and
Valterano. Therefore in any classification of soils one caﬁ
say that, depending on the rainfall, the3§iﬁwe iSﬂfouﬁd1bn
most soils. However, in soils homogeneous from the point of
view of clirate considerasble differences arise to influence

thé planting of the olive on one rather than the other:

| In marginal moisture regions such as Northern Triboiiﬁania
where rainfall is seasonal and often torrential ané where
summer aridity is prolonged the soil should be considered as

& storage basin for perennial crops such as the olive that

utilise the greater part of the year in their cycle of gréwth

The main problem of water in the soil is in 1ts-conseﬁ§ati6n-

This relation between soil and rainfall is partieularlfl
strict where the olive is cultivated as a dryland crop. In
Tunisia where rainfall is between 5s600mm’s. the olive grows
equally well on'ail types of soil pfovided they are not too
compact. PBut in the zone 200+400mm*s. olive cultivation is
subordinated to the physical constitﬁtion of the soil.

The availability of soil moisture, especially during the
critical periods of eérly growth and fruetification, is essent§§
ial for the productivity of the tree. In arid regions sanﬁy-ﬁ
s0ils are rated as physiologically moist. They enable tree

crops, with low water requirements; t0 exist in regions of
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Although no information exists regarding water hold-
..ing capacity of soils in Northern Tripolltania general inform-
atfon 1s available(21),

Zable 6

: inches er foot
Sand Sandy: Loam Loam Light Clay Loam Clay

1.0 = 2.0 3.2 3.7 3.9

In general soils in this region, predominantly Brown

Beﬁ6calic Regosols, have a sendy or loamy sand texture with °
low water holding capacities. However these occupy the
fplains and plateau areas where run off is comparatively slow.
;Furthermore their depth compensates for this low capacity.
'Because of the torrential nature of the rainfall the rate of
Tpermeability aqd efficiency of water use are critical factors
. which must be considered in relation to soil texture.
| Touxn;eraux(az) has shown that a high clay content

. diminishes the permeability of soils. Water does not pene-
. trate the soil but stays on the surface and is readily evap-
.orated. Water becomes absorbed in greater quantities by
-dsilicious soils. Sandy soils also have a lower coefficient

_of water retention than clay soils (Table 7).

& U.S. Dept: Agrie. Yearbook 1955 19.20.
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'Quaﬁtiéz of watég"'

Xhat o plant may - in soil when- plant
dispose of. perishes. !
% Wilting point
‘Cogrse  sand 26 2
Sandy ‘earth 44 5
* 5ilico - Hud . . 43 _ .8
Huddy 38 10

Thus with a deep sandy textured soil aﬁd,cpirespbnd;ng
increase in water storage capaeity it beccmes-bossibie for
one years rainfall to mske good any déficit £e:_épzeaglié;
Year. .- As surfece water affects the regulaf recharge 6f
‘water reserves in the soil the alluvial and Tin soils, with
a notably high clay content, cen be suitable for the olive
if provision is made tq reduce this run off.

Sandy soils are generally poor in chemical eléments and
@0 not support a luxuriant vegetation throughduf the year.
In consequence the loss of moisturée through transpiration is
reduced. These also allow a deep root penetration becguse
of théir déptkh and uniform profile. Therefore under seni
‘ardd conditione the olive appears to'floﬁrish best on
'si;iceaus S0ils rather than those with & high clay fraqtian,
because the formey are mére efficient - users of soill moisture.

Brac(24)

. emphasises ‘Strongly that in the evaluation of
the textural.gua;;ty'of a soil everything refers to rainfall.
In Tunisia experimental work has enabled certain generalisation

4t0 be made.
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Average annua l ralnfall 200mn*s best soils contain 8=10% clay
~Average anmual rainfall 380mm's best soils contain 10% clay
 Average amual rainfall 450mm*s best soils contain 24% clay
¥hilst the clay content 1s-lpw for most of the coastal
plain being generally less than 5% it rises to over 10 in the
»wédis'of the Jefara and Piedmont gzone where rainfall in the
west is below 200mm‘'s. | o
The Bamra soils of the Jebel, situated south of the scarp
and in the lower rainfall zones and also the Hammari seem well
adapted with clay content less than 5% but the Ten soils,
qotéb}y those in the wadis; have a clay content . varying .
between 2.5 and 31% which inarcas of low rainfall would be
unsuitable for olive cultivation, without irrigztion.

Further investigation by Tourniesasd 23)

. on the precportion
of pand_and clay in a soil, places in. evidence the influence
exercised by the size of the sand grains and the quantity of
‘calcareous material (calcium carbonate) in the soils Coarse
grained éands diminish the compaciness and impermeability in
the soil whilst the caleium carbonate determines the floccula-
tion of clay colloids . He established that the best soil
ccame between 8. sand and clay according to the rainfall

required.

Soil fertility. re‘uirements of Olive o,
The principal elements contained.in the. 'dry. substance of,
the tree = the branches; leaves and fruit - and which the:

olive will utilise during growth and fructification, are
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fpotassium,'céioiumf nitrogen and phosphates in this order. 21).

The amount of these mutrients used by the tree will of course
_vary according to the age of the'tree;zdensity of plantings,
imethod of cultivation, pruning ard productivity. Olives
prosper on soils with Alkaline reaction. Thus arid southern
regions of cultivation are more rich in €CaCo3 then in the
northern humid areas. The tree has also a substantial

tolerance to alkali salts (Tﬁble 8), -

Tolerance of the olive to Alkalis (Bilgard)

Pounds per amcre 8t 4-fit. depth

Sulphates Carbonates Phosphates Total

Alkali
40,160
Olive 30,640 2,880 6,640 26 ;400
Fig 24,480 1,120 800 25,560
-Almond 22,720 1,440 2,400 26,400
Oranges. 18,600 3,840 3,306 8,328

Date Palm 5;280 2,800

These nutrients are required in the early and late stages
of the tree's growth, but an excess of nitrogen vhen the tree
is in_full production can retard maturation. An excess of
phosphates promotes root development and confers upon the
tree a greater resistance to parasites.

Potassium is a major nutritive element in branches,
leaves and fruit and favours the formation of glueoﬁé and
protein.

Norﬁally, during the amual cycle of fructification,
mgximum protein éontent is observed when the tree iS'fIQWBring.

This declines to the end of October with the fall of the leaf
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but increases again with the growth of new fruiting branbﬁea
to the'ﬁéxt spring. The phosphate and potassium content’
display 2 similar tremnd: I

According to Pantanelli?#) the 4 content of nutritive
elements utilised by the branches; leaves and fruits is the

following:=
Calcium - 4.815
Phosphates 1.940
Potassium 5.680
Nitrogen 4.029

Only the Tin soils appear rich in Potassium although most of
soils are rich in calcium. |

In .arid and sub=arid regions similar to the one in
question, in which water normally constitutes the principal
factor limiting cultivation, the use of fertilisers is
generally limited, except in the irrigated lands of the
coastal plain.  With fertilisation of arid soils an excesss
ive concentration of circulating soluble salts can sometimes
cause & physiological aridity harmful to the tree crops.

The exact relation between the textural qualities of
soil, its inherent fertility to the olive, in terms of yields;
periods of bearing is difficult to determine. It depends on
the age of the tree and cultural techniques: Nor is the
fact that the crop grows well on a certain soil sufficiént
grOunde.for rggarding it as suitable forthat soil.

On the b;ais&_primarily of the physical nature of the

soils in Northern Tripolitania; a tentative classification of



-100-

the suitability of the soils witﬁ}fegard to olive cultivation
can be made. The_soils may be divided into 4 groups:-

(1) Well adapted

'(2) Intermediate soils

(3) Little adapted

(4) Absolutely negative
Well adapted soils
(1) Brown Pedocalic Regosols of the coastal plain and Jefara
and the Ard Hamra of the Jebel where rainfall does not fall
below 200mm's are eﬁinently suited to olive cultivation.
Intermediate soils
2) In.low'rainfall,afeag Tin and heavy alluvial soils are
too compact but the tree growé well in the higher réinfall
zones or, where irrigation can be applied, prtificially or
naturdglly. Ard Hammari soils have a similar value where
they are not too thin.

Little adapted soils

(3) Saline soils - although where rainfell is high enough
or irrigation water applied, which can leach the soils then
the tree can grow and produce.

Cemented and crustal soils hinder root developmeﬁt where
their formation is thick and superficlal; bdut when thin i¢
can be broken through. At depth these soils can act as use-
ful reservoirs for soil moisture.

Negative Soils

(4) These soils comprise those which are immature, super-

ficialg'Sebkés and shifting sands or where the land gradient

is too steepy’ . Skeletal and Lithosols.
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| Analysis of Jebel Soils

-Mééhadiéal Analysis

Sample Sample % Class
nge : Tocation Sand® Silt' Clay
B . Terbuna Plain  91.7. 3.0 5.3.  Samd
(2) '
Hammari Assaba " 60,6 27.6  11.7° Sandy Loanm
(3) Wadi Ghelil | )
(4) Dahar (25 kas. . ,
() Dahar»(so kms. ' .
Chemical Analysis
, %
Moisture Crganic PH K20 Nitro- P205
Content Matter - gen.
2 arhuna Plain 0.8 0.6 2 = 0.05 -
(2) _ :
Hammari Assaba Plain 0.7 0.3 ? 0.1% 0,06 0.06
(%) Wadi Chelil T ) ‘
(4) - Dahar = 1.68 2 - - -

(5) " - 2.4% ? - - -



CHAPTER 1V

Climste gd-and Use -and: Water Resources

It will be relevant at this stege to examine the
sigﬁificancevof the fruit tree—(and especially that of the
olive) in the agriculture and land use of Northern Tripolitania,
with particular regard to the Zoisture factor which, as will
be déﬁenstrat§d, exerts the main physical .control over
agricuitural:ﬁractise and production not only in this region
but in all arid regions and their margins. |

\ The moisture factor can be considered a function of
precipitation, irrigation, evaporation and transpiration.

In terms of a minimum of precipitation and a maximum of
'heét end aridity the greater part of the region belongs to an
arid climztic zone or at least is marginal to one. Nowhere
does the méén"rainfali approach the 500mms. ischyet used by
Tixeront (%§§ to delimit the arid regions of ﬁunisia; and it
is not without significance that the higheggzigéggiature on
earth of 13¢°F was recorded in the Jefara at Azizia in 1932 (28).
This figure has sinee been disputed. - Purther-more only about
0.2% of the whole province receives a mean rainfall higher
than 200mm. considered by Fantoli snd others to be the minimum
moisture requirements for dryland cereasl crops and bnly then
if the rainfall is suitebly distributed; it is also the minif
mum at which tree crops can vegetate rather than produce.(2®

A cursory examination of the synoptic meteorology of the

Egstern Mediterranean, and therefore Northern Tripolitania,
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will serve to illustrate that the prevalent climatic types,
as measured by seasonal features, are trangitional between a
dry Mediterranean type (Sub#tropical mesothermal) and an arid
desert Africa type (ﬁac;othermall, with- the latter becédming
increasingly dominant i;ll_axhd from the coast.

Air messes.

Over-ﬁorthern Tripolitania there is an almost censtant
discontinuity between the air masses of Mediterranean origin
and those of the desert or even Equatorial origin. ~ This '
discontinuity Idicates a front, sometimes known as the ;;
Méditerranean front, but which alvays forms part of'thef
TropicaI ?ront and - sometimes becomes the main front when the
1atter'is drlven to lower latitudes in North Africa by .ah:
intense 1nvasion of cold gir. When the normal balance_
preveils, the hotter Tropical air almost always remains above
the colder air from the lHediterranean which comes in from the
northerh sector and is the predominant current for mos€ of the
year.

It is the variation in this front ard in the size,
frequency and inténsity of the Tropieczl air masses which gives
t6 the seasons their particular-characteristics.(???

Minter. ,

In winter, (Octobef-March), the Meditefranean region
appears as sn area of low pressure between the seml-permanent
Azores anticyclone and the continental high pressure of

Eastern Europe and Asia. Air is drawn into the region from
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videly separated areas: Polar air from Europe and the North
Atlantic and Tropical air from the Sahara. Temperature con-
trasts are marked between the Tropical and Polar air masses
and fronts often exist between them. Most of the depressions
deVelop‘in the Western Mediterranean and subsequently move
eastwards. However, Northern Tripolitania lies to the south
of the main tracks of the depressions (ﬁig; i, snd, in |
consequence, is affected mainly by rainfall wﬁich is somewhat
unrelisble in distribution and smount. Between. unsettled
conditions, associated with the various depressions, spells
of fine weather are common.

In summer (April-September) the circulation of air masses -
is less active for the region lies on the eastern margins of
the seml-permanent "Azores anticyclone. The mean pressure .
over Central Asia is lou at this season and North or North
West winds are prevalent over the Mediterranean. ~ But the
contrasts between the Pblar and Tropigal air masses is far
less than in_uinter. ' Settled conditions and constant wind
directionsvare eeuai. Hewever, when the relstively high
preesgre over Cy:enaica is intensified southerly'winde counter~
ing the sea breezes, produce very high temperatures in»the
exposed and low lying areas of Northern Tripolitania.'

Autumn and spring are periods of transition when weather
conditions of either summer or winter may occur.

These weather conditions vhich recur in a similar pattern
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each year are responsible for thé outstanding seasonal
features of the Mediterranean type of climate; mild moist
winters and hot dry summers with a relatively uniform annual
temperature sequence. In Northern Tripolitania this seasonal
rhythm applies in only a very gemeral way beczuse of the
following facts:

(a) The position of the country in the Sonthern.Mediterranean
and its enormous extension southwards means that it 4s
narginal to the main cyclonic activity.

(b) The situstion of the region in the lee of Tunisia and the
High Atlas shelters much of the area, except for the doastal
£ringe anﬂ the seaward facing edge of the Jebel, from the rain
bearing northwesterlies.

(c) Tropical air has a relatively free access from the Sahara
to the coast. Therefore summer temperatures tend to be
accentuated gnd the period of su#ﬁer drought is normally
extended frém April to September in contstst te aress in the
northern Heaiterranean where the summer drought period is
usiually not more than 3 months.

On the basis of the effect of this characteristic air
ﬁasseS'on the elements of climate = mean rainfsll, temperature
range, and relative humidity - which are influenced in turn
by the morphology of the region, Fantoli identified five
climatic regions which represent transitional stages between
Mediterranean and Desert climatic-types(ass(Fig; 7). Table (9)

shows average climatic data for selected gtations. Appendix
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I. Coastsl Zone
II. Steppe Zone
IJ1. The Jebel

IV, Semi-desert
V. Desert

I. Coastal Zone.

The coastal zone comprises an area 6-8km's wide extending
frow the Tuhisian border in the west to Misurata in the east.
It bears-2ll the essential characteristics of the Mediterranean
climatic regime. Rainfall, which occurs almost entirely in
the period from October to March, reaches a meen maximum of
371lmm's ih the vicinity of Tripoli, but decreases to the éast
and.ﬁest-being,259ghmm‘swand.216¢8 at Misurats and Zuaras
respectively. Along the coast temperature ranges from a mean
minimurn of 7é8°Q-in-January to 309C in the hot summer-monﬁhs
of July snd August. . The moderating influence of theisea is
particularly welcome, inhthé‘sumier and is maniﬂested in the
relatively. hlgh humldlties which average 55% st mldday and
mitigate the intense evaporation and extreme d9551cating
effects of the seutherly winds although these constltute only
16 of the total winds throughout the year. (26

II. Steppe &ng. S AL DI s

This zone includes the Central and Esstern Jefars and.anu
area extending 30-50km!'s behind the coastal zone of Zliten and
Homs which dispiay ﬁgmogeneous-Mediterranéén steppe flora. In
this area the influence. of theﬂdgsert:§égins~to-prevail_over‘
tbe.seavbut:the'1atterpdées:noﬁiiéée ifs.genéral characteristics

vhich are reflected in the behaviour of the.ﬁemﬁefature:during
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spring and autumn spring mean %emperaﬁures.are-lower and
autumn means are accéentuated which is the reverse of the more
continental climetes. The contrast between summer and winter
is greater. At Agigia the mean minimum is 5°€ in winter with
the mean maximum reaching nearly 40°C infsummér; However,
the annual isotherm is only one degree higher than that at the
coast being 21°C. The relative humidity is lowest in summer
in contrast to the coast. Except during times of Ghibli the
prevailing winds are from the north east.

EVaporatian intensity is greater than that-ohfthe'goast
and-FahtOli(QEg indicates, from indirect estimates, fhat
evaporation iéthéB timés.greater thsn the annual rainfall.

11I. Jebel.

'Owing to the height, orientation and néarness to the sea,
the Jebel, especially east of Garian, is g elimatically
favoured zoné and one in which Mediterranean climatic
characteristics reassert themselves. -In general the Jebel
has s climate intermediate between the steppe snd ‘the coast.
Méan maximum temperatures are lower because of the height,

" on the other hand mean mihimumttemperatnres-of =5°C. are -
experienced in the higher parts. The'ahnﬁal treﬁdidf "".
huriidity comes between that of the coast andfthe'étebpe5 '
Howeéver, variations in the humidity when the wind shifts
between the two most typical winds - north west end south east -
are much less than on the coast.

The mean annual precipitation. i's geherally lower than on
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the coast but riseés to more than 300mm's in restricted areas
sround Cussabat and Gerian with a marked decline towards the
Punisian border as the distance and shelter from'fhe sea ‘
increases.

IV. Semi-degert.

Hych of the western Jefara and the area succeeding the
steppe and Jebel Dahar south of Garian and Homs ig sémi-desert:
Maximum temperatures are lower than the steppe betause of the
incressed altitude lying at 4-500mm's. On the other hand the
intenée ioss of heat during the night by radiation means that
winter temperatures drop below zero. Relative humidity is
usually low though variable, depending on the change of winds
which are-prevaléntly north east.

V. Desert.

Beyond Sinauen, Mizda snd Beni Ulid the climate becomes
definitely desert and Saharen. |

On the basis of average climatic conditions the distribu-
tion of elimate, approximsting to the Mediterranean type, is
scen to be rgstricted to the northern edge of the Jefara, the
lowlands of Misuratino and the Jebel. Interposed is a stéppe
regime which becomes increasingly continental and semisdesert
weat of Azizia. '”Sbuth:from the Dahar corresponds alSQ.to the
senk-désert. Thus, the area undey which the olive thrives is
discontinueus'énd restricted-and forms only a-émall‘part of
the region 6f northern Tripolktania. However, average condi-

tions hardly express the true. nature or significsnce of the -
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climate of the region for these conditions Vary both in time
and spece as is shown by the following snalysis of precipite-
tion.

Precipitation. Precipitation is singularly variable in time _
and space as a resilt of the low latitude of the region and
its situation on the margins of the main cyclonic tracks which
pass throtgh the Mediterrsnean in winter. Yét the 'seasonal
rhythm is alwvays merked: wet winters are invariably followed
by dry summers. Wide variations do occur in the degree of
dryness and more particularly wetness. Thé?importaﬁtufécfbrs
of relevance to farming are therefore the extremes and how
often they occur.  But the analysis and the corollary of
prediction is difficult owing to the sparsity, discontinuity
and frequently the unreliability of climastic dsta. For the
purpose of illustrating the time distribution of rainfall it
is proposed to use mainly the records of the Central:
Meteorological Office in Tripoli where rainfsll records have
been taken continuocusly since 1879. (Table 10 Aﬁpéﬁdiz. Y.

Periodicity of Rainfall.

Table-lﬁ.}}, : Rainfgll b aecades. Trlpoli City.
Year . Totsl amount Mean ennual
1879/80-1888/9 3 670. % 367.0
1889/90-1898/99 9707+ g
1899/00-1908/9 39 7943 g
1909/10-1918/19 3,385.0

1919/20-1928/9 3,919, 1 391
19297/30-19 85&9 3,62648 362.6
133 /40-1 3,482.% 48,2
194:9/50-1958/59 : Incomplete, 8 years only.

2,649:7 331.2
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Histerically there are no clear signs of a trend towards
increasing rainfall or decreasing aridity as shown by the
march of decade totals: Although nda total trend is apparent,
fig. 8 illustrates that annual totals for the earlier period
were more variable than for the current period.

The periecdicity of the rainfall which is truly a
characteristic feasture is confirmed by the § year moving
averages and the accumulated deficits for Tripoli over z 35
year period. The 5 year running mean 1915:45 shows that only
5 years out of 31 have an average rainfall, 1% are below and’
12 are good (fige. 9). Thus apart from the annual and seasonal
osc¢illations the recurreénce of wet and dry years'haé particuler
significance in the plamning of a farm economy. The
accumulated defiecit for Tripeli over a 35 year period suggests
that a marked deficit of rainfall occurs every 10 years and
this is often prolonged (fig: 10). |
Mean snnnal reinfajl. Tripoli has a mesn annual rainfall of
369.8mm's (70 years). However, this figure is a composition
of both high and low figures; varying between 654mm's (1898/99)
and 141.6mn's (1947/48). From year to year the anrual
precipitation experiences wide deviations from the mean
(fig. 8). Usually a good year is succeeded by a poer rain-
fall year. The exceptional character of amountsiover-éoomm‘s
and belaﬁ 300mm's is revealed in fig. 11, vwhilst the £alls
of 250-300mm*'s snd 350-400mm's are relatively freguent. On-

the whole the prevailing character of the series tends to be
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quantitles higher than 300mm's rather than below. Tripoli
eity lies, however, in the févbured”cliﬁéﬁié'belt at the coast.
Inland the frequency of smounts below 350mm*s is sbsolute.

ontk ainfall. The most dominant periodicéity of rainfall
is the annual fluctuation of rainy winters with dry; generally
rainless summerss & distribution determined by the seaSOna;
movements of the Mid-Lstitude low pressure belt.  This
periodlclty is usually and most eonveniently expressed by the
mean monthly Tainfall.
Table 12.

8 -o'NDJFMAm-JJAIear
10 1_) 2603 65.6 9502 7’+ 3 1.'2’5 25-8 906 502 1 3 0 5 097 369 8

In terms of tbe-monthly rainfall the reglme is seen to consist
of a rapid incresse from 10mm's in September to a maximum peak
in December and Jahuarylwhence itlfalls less Sharﬁly-ﬂrom'
January to March. After April, which'reGOrds O.6mm's, there
is a_gradual'deciine to the central months éf the year, July
and Ausust; these are virtually rsinless. Fantoli‘afﬁclassia
fies this regime as continental which, although predéminant
over the 70 year period, doe= not exclude a moigt Mediterranean
type. This latter is characterized by a maximum of ralnfall
ih December and November, South of the coastal belt obsérva-
tions of the winter rainfall at Azizia, Garian and Beni Ulid,
cormééponding'to the Stéppe,'Jebel and Semi-DeSert regions,
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suggest a growing importance of 2 secondsry maximum in February

and March.
Table 13,

Oct.-Nov. | Dec.=Jdan. ?eb;aMarch
Tripoli City 30 50 - 20
Azizla 22 0 28
Garign 22 45 32
Beni Ulid 28.% 35k ~36:2

Yonthly veriocdicity. The maximum mean total oceurs in -
December, but all the months between October and March may be
considered as 'wet'; November to'February'each récei§ing'moré
than 104 of the mean annual total and October end March
slightly less. By contrast June, July and August each
contribute less than 1% and April, May and Septemberfless“than”_
3%. The fates of chenge are given in Table 13.

Table lg{f

I & s @ ® D J F M A& M J

0429 943 1641 39.3 2946 20.9 31.8 16.7 162 kil ‘2,9 0,8
Increasing | Decreasing

From this point of view November to January might be
considered as the wet months, separated on either side by a
sharp rste of change, in the two lower rainfall months of
October and February. Thus in terms of mean=monthlyLrain£all
the regime is seen to consist of an increase from virtual

éﬁidity“in July slowly at first then but. incregsing steeply:
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to an inclined platetu from November to January at bebween
60-100mm's. There is then & léss steep falling off in
February followed by a more gentle decline through April. te

ﬁhe succéediné July. DNaturally individGal seasons will differ,
but this is the average pattern.

' The extent of this seasonal divergence is seen from the
folléwing table in which the % variebility of deviation from
the mean of each month is considered. |
Table 1~5. o

AR/, Ly 0 Zonthl: 11: Iripoll City (35 yrs)
s © N§-'D J.F M A ¥ J I A
120 112 58 62 55 _5'7' g9 87 100 100 166 166

‘The high percentage for the drier months reflect the |
greater number of years in whiech these months are wholly dry ;“.
and the relatively heavy rainfall is the occasional storms,
which do occur during some of these months;

October now stands out in contrast to November, Decembef
and January. The variability of this month also eontrasts
sharply with the spring months of February and Harch.

In connection with the seasonal periodicity the frequency
of rainiess months is also 31gnificant (table 19).

Table 16

T f/O year period
S 6 ¥ B 3 F ¥ A M J T A&
28 10 6 o 0 1 3 17 21 58 85 81

This table reflects essentially the same pattern as
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Table O. (Monthly Means). In this series October is clesrly
marginal, sharing high drought frequencies with the drier
months &f the year from April to September. One feature .of
note is the number of spring menths in‘uhich-rainfall nearly
alwvays occurs but.eqmplete drought has been recorded for these
months. |

‘A more precise statement of the srmual rainfall mgy now
be made. July is the driest month of the year. The first

indieations of the rainy season ccme in September and are

intensified in October. The rainy season propef usually comes

suddenly in November, but occasionally in October, vhen fglls.

for that momth are likely to be heavy. Rains in November and

the two succeeding months are heavy and generélly religbie.
February snd March sre appreciably drier after which rainfsll
markedly diminishes with increasing unrealiabilxty to 8ugust,
which, after Zuly, is the driest month. _

Qgilx_ggig;gll. The same chgracteristic regime 4is apparent
in the monthly distributlon of rainfall days. Although the
tern rain day is a useful asmalytical concept its quantitatlve
implications are rather uncertain since the amount of rain .
falling in that period is extremely variable. However,
assugigg that 2 reinfall day is one in which the minimum
rainfall recorded is 0,01lmn’s, the rainfall records for thé
70 year period have been examined for the frequency of rainy -
days yielding certain critical amounts of rain. Unfortunately

the available data conly zllow computaticon for ecslendar years.

e
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Table 1§=

. Total J F 1 a M
Rainless
Bays

- Total
Rain .
Days &4 396 3064 173 119
Pays

with

plus

20mm's 146 79 38 17 16

% Total

.raln oceur-
ring on days
with 20mm's

plus . 2107 15.

- 1 1 13

J Jd A S 0 N D

1557 1614 1897 1927 1981 2146 2188 2192 1995 1938 1657 1538

s 13 9. 105 263 443 633

65 119 95

12:_1 8-5 12

- - 11.1 10.7 22.5 26.3 29.3

The proportion of totel rainfall in each month which falls on

days with more than 20mm's is seen to be very high in the central

months o6f the rain season and also in October falling away

. rapldly in the spring months (Féebrusry-March).

Only tweo such

rain days has been recorded for the months of.Juneg_Juiy and

August.

more comuon in the period October to January.

Thus sbsolutely and frequently heavier rainfall is

The high

'frequency of October is clearly reéelated to its varlabllity.

ividual yvesrs.

Just as there is great varia--. -

blllty in monthly and annual rainfall totals so is there

considerable diversity in the mamner in which any individual

year can be made up.

The dryness or wetness ofas ‘gear is not necessarily
indicated by the total rainfell since the distribution of



PE -116-

rainfakl throughout the wet season (Oct.-lMarch) may enhance or
depreciate its effectlveners or absalu e Jalue. A comparison
of the monthly ralnfall components durlng this period illus-
trates_tnls contention. Four rsendom years were chogen in each
- of the following categories znd the amnusl deviation of monthly

rainfall from the mean was computed for Tripeli City.

- I. ' .Years of low rainfall - 1886/7, 1914/15, 1935/6, 1947/8.

II. " ¥ ayerage " - 1883/M+, 1931/2, 1940/1, 1944/5.
III. "™ ® pigh " - 1893/%, 1906/7, 1932/3, 19%3/%.
Table 18 o ' »
; — Bic . ".-of-gZZ.,
3 fal —
: 2 . :
o N D J F M
Average 26,3 65.6 95.2 4.3 42,5 25.8
1886/7 =26.3 =616 12.8 =23,0 =19.2 21, 3
o -100% -81% 11 -318 453 874
1914/15 =15.8 4.1 «68.2 <4G.5 ~ 7.5 =18.7
-60% 21 =71% =66 =17 . =72%
19 5/6 -22.7 -280’4' ?19@5 "62'6 "'!l'o'os -2 8
3 -86 -1t3 -20 -83 -95 »9%
io47/8 =15, =56, =19:8 ~6C <41, &
+ _,55 3 853 0 -98 ’ 32“;
Aﬂgmaﬂaégﬁmﬁ. |
1883/ 2L.7 204 12,2 18.7 3‘%5 5 =« 9.8
82 31 =12 25 2" -39
19 1/2 - 2.1 -l+2.1 32 19. ."06 o,
'93j‘ Y g el + 2¢ 3 39"
1914'0/1 - 1'|'-5 9"!""96 65.5 -359_ 92996 - 562
- =17 = =70 66 ~ <47 © <60 20
1944/5 <1847 =33k =27.7 - 45 18.2 7.7
-71 -5 -29 60 L2 29

Most pears raginfall begins in this way. which is apasmodlc.

When the rainfall arrives in this frsgmental patte:n there is a
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tendency towards heavier individusl falls which to some extent
compensate for the sbsence of long rainy spells. In none of
the records hzs a confinﬁous unbroken sharply defined rainy
,sgason,been evident. All seasons, however, have occasional
'..épeils of rein free (and therefore usually warm) weather. Such
spells of fine weather are of considerable significance to the
farmer whose ploughing and sowing must be éxecuted in the
wetter two or three months of the year. |

(1893 58.2 245l 122 130.5 13 . 0.1
(1906/ 2 I B o 819 2605
1906/7 14 12,2 =124 79k =859 =6,
( 5 164 -13 106 =20 o2y
(1932/3 4.7 - 1.2 -26.3 1039 =11,3 234.6
( - | N 21 =27 % -26 909
_519431/’% 5;:.3 128.7  =74:0 135.3 25,5 =11.1

It has been shown previously that Novem-

ber, December. and January are the three cutstanding. rainfall

- months. If there is a significant failure in any of these a
‘lov snnual total would be expected (sighificanﬁ‘failurevcritical
level bekng set at-255hmm's or 1 inch representing % ﬁeviations
of -66%, -81% and -65% respectively). Thirty two such cases

- have occurred but in eight cases the mean antiual total waél

‘ exceeded due mainly to except¢onally get Decembers and
occasionally wet Octobers, Januaries and Februaries. These

| exceptiops were 1894/95 - 1898/99, 1903/4, 1908/9, 1924/5.

- Should rainfailtfail sunstantiglly in more then one ‘of thethree.
principal months then s small total seems assured. Four such

cases are marked but otherS'éémé close to it.
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I The general pattern is comparable
with thst.of previous table but the arrangement is reversed.
Normglly again, it is %the November to January totals which would
appear to be the controlling influence but 21893/4 and 1932/3

- warn of the dangers of generalisation. In thesé two years the
large total of the first is controlled by October although
December and Jenuary sre by ne meesns deficient. Ir the sécond
the lerge total is quite definitely controlled by thé Hérch=
total vhich affords s good example of z late rainfzll season
producing a fine total wihich is well abové the average.

Average Years. - Table 17 gives compareble date for foﬂr years
whose annual totals approach mcst closely to the mean value.
“hese years might be termed azverzge years. “ Therelis, however,
still abundsnt ﬁariety with months yiel&iﬁg 2 rainfall close to
the mean value. '

In the anzlysis of periodieity, although it would be
vzluable to disvense with the arbitrary_moﬁthly divisions, data
of daily rainfazll is lscking for any length of time. But the
monthly data serves to illustrate the complexity of the rainfall
distribution within the main rainfall periq# October to March.
Two types of Prainfall may be distinguished:

1. Type of gear in which there is s long wet spell lasting
2 or 3 montha, broken by short speills of fine westher.

2. Consists of shorﬁ wet spells with relatively long dry
spells.

In the mein the rainfall of northern Tripolitania is
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convectional. Precipitationﬁresults'£ro@ﬂthe-rising air currents
in turbulent air passes, the:tﬁrbulegﬁéébeing caused by heating
or by the contact of gir masses of different tenperaztures.

‘This. overheatirg of the iznd and resultant instability is '
especially a festure of the early months of the rainy -séason :and
more particiulerly in October whilst the contrezsting tempersdtures
of different dir messes is c¢losely associated with the passage

of depressions over the regionj these follow three main tracks.

Y

e : : S B o These s
depressions form wainly in the westerﬂ hed_terranean or North-
West Africa and are eQmmon at all sezsons. The cold front
usuzlly affects coastél areas.and ney bring‘showers but otherwise
fine weather. |

b. Dep: in the region of €yprus. These form

essions moyineg east
in the same ﬁay as those passing to the north. Most frequently
they follow this.track in winter ard spring. The cold fronts,
moving south and esst, affect the whole ares in sequence. They
usually cause showers or short periods of rain. The rainfgll
ané extent of cloud masses associated with these depressions
decrease with remarkable rapidity inlsnd from the coast. |

Ce The Khamsin depressions form over

desert regions of NorthAAxrica as wave depressioris on az front
separating air which has ‘been ovér Africa for some time and has
been considerably wsrred, from Polar air, which hes recently

crossed the Mediterrsnean and is much cooler. Usually they
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first sppear over Libj§z then move eastwards. They are preceded
by;iﬁrgpg”§putherly winds whieh csuse wideépread sandstorms and
exééésivéi&ﬁhigh tempergtures. The passage of the cold front

is marked by rapid change of wind to the North VWesik. Once the
cold front has passed the inecressed relative humidity of the
North West air strezm causes the formation of cumulus or
cumulonimbus cloud types and showers mgy occur nesr the coast.
These zre most common in the period Februsry-June.

Although the convectiorazl element is largely responsible
for the wide rsnge of occurrences Giscussed earlier it seenms
clesr thst the orogrepitic effects of the Jehel rising suddenly
from the.:plains at some distance from the ccast, to heights of
1,00C metres is significent 1f only in the sense that the
resultznt lifting of the sir mass may:éhcasionally trigger off
precipiﬁation in alreszdy unstable air. In summer ‘the excessive
heating of thg gir immediately above & light coloured surface
will encoursge instability end the develepment of incipient
thunderstorms.

Storm yainfall. . It is diffieult to assign precise limits to
vhat should be considered storm rainfall. ]

L However a value of cbove 20mm's falling withln 'a 24 hour
'perlod would seem to cause s1gnificant run off ua§age-and“suggest
a notabié andé intense rainfsll for this region.(ng Gihven the
convectional nature of the rainfall it is zlso unlikely‘thst &
daily resding of 4Onm's results from snything else but storm

phenomenum.
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The data for rainfgll intensity is scapty end one can only
repest the observaticng made by Fanteli.(gﬁa Of 695 monthly
observations mede in the 70 yeasr period 187§—19h7 gt Tripoli
orily .)79 cases have been recorded where rainfgll in s 24 hour
=p¢?iod is more than 20mm's., This represents only £:8% of the
totel rainfall froguency series. They occurred almost:entirely
with the period October-larch znd predominantly October to-
-January. Out of these cases, readings over WOmm*s comprised
someﬁhing.like 36% of the %otal. In the steppe; hcwever, at
AzZiziay of 1078 observotions made between the years 1919:49,
rainfall over 20mu's constituted only 51% of the totsl and rain-
fall over LOmm's only 0.74. On the other hand in the Jebel at
Gafisan falls of over 20mm's comprised 21% of the total observa-
tions tsken between the years 1924-42 and 45% over LOmm's.

Thus the two major centres for storm »ainfall sppear to be
Tripoli end the environs cf Garisn seperated by zn srea of less
intensive reinfall at Azizis. In terms of rain days rélative
to totel rainfall The greatest intensity of rainfzil would
appear to be in the Jebel (table 19). .+ ... ..

The effects of such storms is difficult to assess over such
& large arep: they sre beneficizl agnd at the ssme time damaging.

Certain generalisations, substantiated duringithe author's
visit in 1958/9 can, hovever, be made.

These storms are responsible for filling field cisterns,
tanks and shillow acquifers whilst the rapid surface flow of the

wadis clezrs sbme of the debris accumulated in the ﬁadis so that
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Rainfall and: Randays for selected stiations..

Table 19

STATION RAINDAYS  RAINFALL

) : (miilimetres)

- £0AST : '

" TRIPOLI (Sidi Hesri) 53 378.9

 ZAVIA j 3647 267 4
TAGIURA 32 ,,

 SABRATHA | 36 . 272.5

| ZUARA | 38 223
HOMS 43.8 26847

' ZLITEN 38 215.7
MISURATA © 46.8 27N

STEFPPE o =
AZIZIA 37 2144

. CASTEL. BENITO Ly 296.6 .

- GARIAW Who5 . 322.6
JEFREN 32:% 267.3
GIADO 25.7 226
NALUT 2.2 138.2
TARAUNA | kg o 259
CUSSABAT : 48,3 32142

BENI ULID | | 16:8 . 58.6
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they function to better effect later in the yesr. But these
benefits are extremely loczl and great difficulties are often
experienced in the lower parts ofifhe wedis where much of the
mud, stones end rubble accumulates. The heavy rains are useful
for leaching down the sccumulated saits.qf'succéssive summer
irrigations. In réstricted places the fioodwéters bring

about a redistribution of soil resources éo that the lowlands
benefit from a remewed fertile soil coverj; but the uplands
obviously suffer from soil erosiom. ;

When the rains f£all heavily damage=c§n-be caused in several
ways: damage tc the crops by direct impact: damage by'lubiica-
tion, as vhen walls are weakened or underground seepage effects
deep rpoted plants. Hegvy run off can cruse damage to 'such
structures as dams, walls, roads. A point in case is provided
by the Wadi Megenin, notorious for its flash flooding and one
of the nmost probiematic of Tripolitanis's wadis. It flows from
the Central Jebel to the coas? at Tripoli;'a distance of 75
miles. The spread south of Tripolit's suburbs and the extension
of agriculturszl land has accentuszted the problem of controlling
the intermittent floods. Deep diversion channels running
through the ares have been built but in heavy storms the wadi
gseeks its old channels which are wide and flat. Consequently,
this impoitant agriculgural srea suffers. In October 1957/8
(Ghibli).a'heavY storm on the Jebel precipitated-a £lood in the
Megenin. Bstweén Castel Benito to the coast road: land was
flooded from a few inches to - 3ft. The silting up of the
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Megenin in its lover reaches involved work on dsm sites and
road clearance (PlateXlX).

Portungtely few standing crops are gffected by the impact
of these storms although vines suffer. ‘Those fermers with flat
land ¢tributary to large catchment areas generally suffer most.

Flood waters czuse much dsmsge where slopes give them s
rapid ran off. These vieclent effects afe most startling in
the field of soll erosicn, especially in the escarpment zone of
the Jebel where the presence of steep denuded slopes, frequently
without terracihg, accentuatesithese-effects. Whilst many

attenpts have been made to control the wadis in their lower

reaches it is,obvious the work of soil and water conservation

musgﬁbe carried out in the upper Peaches. Revegetation of the
céﬁéﬁmgﬁt basins, terracing, demming and water spreading are
techniques.ﬂhich mast be applied extensively if the deteriors-
tion of ﬁhe gplends is to be halted. The praétiees by the
Libyzm: farmers of esparto pulling, grazing and.trée cutfing
must also be controlled. | | _

In the brief discussion of storm rainfall it has beeﬁ'shown

that there is much variation of precipitation from place to

.. place. This suggests that the rate of cccurrence of heavy

storms is higher in some areas tham in others. Fig. 12 shows
that this is slso true for annusl rainfall distribution.
Although individual storms or less intensive daily':ain'may be
centred in various parté of the region the totsl fall teken

throughout & number of years is concentrzted in certain well
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defined zones. Most of the rainfszll is borne on the North West
gir stream which may cause heavy rainfall. -~ Basically, much of
that rainfall is conventionasl but the sudden uplift of the
Jebel front from the plsin is sufficient to increasse the yield
from & precipitsting eloud and %o stimulate rainfall in one that
is becoming stable.

Rainfall reaches a mesn maximum at Tripoli on the coast but
the distribution is rapidly modified depending on height and
aspect to the North West rainbearing winds. DMuch of the east
coast aﬁpears to lie in the true Pain shadow area of the
Ezstern Jebel except near Misurata where the Western Jefara
gppears to lie completely off the .track. The profound
infiluencé of the Jebel uplifst is clearly established. . From the
scarp and piedmont area there is a rapid increase gréster in: the
¢entre and west where searp is higher. It is succceded 5y an
area of little iéohyetal gradient in which the highest means are
found over restricted areas of Cussabat and Garian. Rainfall
decreases gradually frorm the east to the west with the increas<
ing distance from the sea. The southern slopes of the Jebel
are defined by s rapid decline kn rainfall and mark a true rain
ahadaw area in vhich the annual falls are below 250mm‘s. _
| ' iability. The variability of the mean annual, as

we have seen, is a result of the nsture and dlstrlbution of gir
masses. o

Previously we hsve considered the rainfall varistion in
time, but the spatial ‘distribution of wariasbility from yesr to
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year and between months is of some important significance.

Fig. 13 incicates the variszbility of mean snnual rainfall. At
once it is evident that the distribution of lov variabilities
coineides with the highest mean rainfall hotals .4ith the
exception'of the northern edge of the Jebel.. The coastal area
between Tripoli and Garabulli records the lowest wrisbility
and there is a fairly compact group of stations in the Central
and Eastern Jefars with 25-30% variabilities. OCutstanding
variabilities are recorded in the Western Jefara and the rain

shadow Ghibls syncline area: sress which are marginal to and

sheltered from the main rain yielding masses.
D.' -

ibution of dry =nd wet vesrs. The gpatial changes in good
and bad years is elearly shown by comparing the distribution of

arnusl rainfall during two four year pericds, ome very dry
(1946/7) and the otkher very humid (1931/4). If one assumes
that the desert begins where there is less than 200mm's then
betveen these two periods the isohyet méved some considerable
distance Bast « West partiecvlarly in the marginael rainfall sreas
of the vest coast; Central Jefara and Western Jebel from Assaba
to €abao. The northesouth movement of drought was in contrast
less merked, being centrolled by the alignment of the country
(fig. 1%). |

In coﬁéarison to Turisia, which was also'affected by the
drought o£'19¥7, northern Tripolitania woul@ appear %o defive
some benefit from its generally E-W wave alignment, since in
Tunisis the 200mm's isobyet moved north sbout 200km's to effect
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some of the best farming land znd mgjor,oliVe cultivation aress.
In Tripolitania, however, the negligible hsrvests in the Jebel
were compensated to some extent by fair harvests in the eastern
Jefara and Coagtai plain.

In 21l years there is localised drought which in exception-
a;ly.dry years may become generalised. The probability of
occurrence of rainfall below 200mm's over periods varying .
between 10 and 35 years is illustrated in f£ig.l5 and it broadly
reflects the mean annual pattern. Again the southern slopes

of the Jebel, the west and western Jefara are the areas of most

probable drought.

| ] T &C Snowv is very uncommon in
Northerr Tripolitanis, but coverings have been witnessed, as in
1949 when 1 metre accumulated in three days. A thin covering
occurred during 1958. Hail occurs frequently and generally in
associgtion with convectional storms. In 19%5 newspapers
recorded that crops were destroyed and enimals killed by heil-
stones of considerable size. These catastrophies are, howevér,
fortunately rare. Apart from rainfall, however, dew is the
only significant form of precipitation and it has not been
measured by modern technigues.

Dey. The contribution of dew to the total moisture is frequently
overlooked in arid regions. Although perhsps:not'meaégfable
ovér the dry season, it is not inappreciable and probsbly
contributes a significant quota to available moisture for crops

and'yegetation?_ ‘During Bugust and September very heavy dew
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falls weére observed by the author at Sidi Mesri lying a few km's
to the east of the town of Tripoli. The probiem is one for
further investigation.
Evanoration. The meteorological factor of evaporation, togsther
with the more hydrological considerations of run off, percolstion
and sub-surface drainage snd soil moisture conditions, enter
into the whole problem of wzter availability for erop growth.
The climatic water balance is essentislly & comparison of water
-requirenent (potential evapotranspiration) with water availabi-
-lity-&precipipation)(agp. Unfortunetely measurements of
- evaporation sre totall?xlacking and the metecorologicsl data is
'insufficﬁehtly detziled to allow the computation from empirical
Pormulas, such as Thernthwaites, of the rates of "evaporstion and
the syailsbility of meisture. It is possible, however, to use
the monthly wmeans of P.E. calculated for Msltacég? and compayre
them with the montihly mean of preeipitation for northern
Tripelitanis which is obtzined by averaging the figures for four
stations « Tripoli, Azizia, Garien and Bgnilvlid. The contra~
diction of site between Maltz and the stéﬁions-bf—Tripolitania
‘means of course that the P.E. ratés for Tripolitanis will, in
fact, be markedly_nighér oving to the eéxtended period of summer
drought in the latter and the lower znd more veriable rsinfall.
The mean computed P.E. for Malta is compared with the mean
precipitetion for northern Tripolitania in Tabie 19. It should
be noted that the P:E. is less werisgble than precipitation in
summér,'being'dependgntlon less varisble phy$i§al forces. During
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winter its grester variability is due to the lower temperatures-

and insulation, and inereased humidity is likely to be assoc¢iated
th thé unsettled conditions in whiéh sbove averasge precipita-

tion will occur.

Table 20. .

: Crude Water Balance = Tripolitsnia. (Millimetres)

s 0o N D J

_ F M A M J J & Year
Precipi- B ' :
tation 89 1643 M6 53.5 %60 33.9 27.3 10.6 5.7 11 5 ol 249.4
P.E. 120 75 45 355 32¢5 13(0"-'_:0_'1-&7»‘5 §2:5'9" sl 12’7 5 367.5175 1602, 5
Moisture - X | .
surplus . 18.0 13,5 3.9 | 35
Moisture: o | |

deficien-

cy  lnas8.7 10:4 | 20.2 31.9 89.l+ 1261 ¥7 1672 753.

These facts of ‘the water balance are essentzally facts of
elimate._ 'As it is seen annual P.E. exceéds annual P. by about
400%. | In the. three monﬁhs'Deéember to January thefe is=a total
moisture surplus of 35.hmm*s .but in the remaining months there .
is a total moishure deficit of 753 kmm' 3 a value whlch 1s three
times the mean precipitatien. | | _ E '

In practical terms if an herbaceous vegetatlon was requlred
to be maintained throughnut the year and ‘alloved to grow at its
'maximum rate of grovth it would need to be provaded w1th a total

amount of vater eqguivalent to 40 inches (1 ,000mm* s) dlstributed
according to the appropriaste values of P"E. On the average,
only a quarter of the water would be available and the remainder
would have to be collected from other sources. Such is vhat
happens in irrigated erees vhere water is'imported to supplement
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the natural supply,'ﬁhough it need only be provided during the
‘limited growing season. But the application of water at the
Potential rate is harmful as the soil will not be properly
aerated. Hoveyer, cumulative P.E. can cnly be reduced by
25-50mm's without inhibiting the full development of the plant.
Again some water will be stored in the seil from surplus months
" into deficiency months which can be used by plants. ' The amount
of storsge moisture available to the plants will depend on a
number of factors including the type and depth of séiig'and.the
nature of the crop. '

The capscity of the soil to hpld moisture will influence
the run eff maﬁer, for gust as at the end of the rain season
plants draw stored moisture frem the soil .so at the beginning
of the rains, moisture surplus to current plant requirements
- will be needed to restore this moisture. Unfortunstely there
- are as yet 1o measured values of moisture holdzng capacities of
Tripolitanian soils (cf. p.O5 ). |

The moisture surplus does not take_into account, however,

' the amount iost by run off, which in the Jébel;is'eonsideraﬁle,
from the zrezs Qf Tock ouberop. This loss is eompensat§d to
 some extent by the relatively high water holding reteéntive soils
in the sedinentary lowlands of the Jefsra and Misuretino, snd
slso by the fzet that many of the wadis fail to dischargé into
the sea. On the basis that 2 quarter of the shnusl prééipita-
tion is lost by“evapératién and transpiration (P:E.) and allowing
a further loss 6f & third through run off the totsl available

-5 S S S
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'moisture amounts to about 25mm's which over an area of 67,390
km2 would total 1,687 million m's 3. This figure is to be
compared with the estimates of 80 million M3 used znnually for
irrigation in the Jefara and at least 13 million K3 for
industrisl aﬁd'urban,uﬁgge at Tripoii,‘Zuara and"ﬁiSurata(QCﬂ.

The implications of the above for sgriculture is that at
the present the fraction of moisturefevaporated and recoverable
for drylsnd farming represents a much greater volume than that
‘'which is recovered by irrigation, but that there is sufficient
water for irrigation. However, supplies of undergﬁound.water
available for irrigation sre extremely localised. In faet; the
greater part o? available moisture (1,032 million M3), gcéording
to estimates mzde by Fantoli(3g), is concentrated in a zone
which includes only the northern edge of the iebel and the
Jefgra.

From this caleulation the water budget would appear to be
sound but there sgre significant regional variations. An
attempt has therefore been msde to define briefly the water
supply zonés,on the basis of mean rainfall, distributien of
acquifers and their potentialities as regards sedentary
agripulture. It will be necessary to reeépitulate and‘expand
the observations made in Chapter Il where the distributien of
water resources was considered. As was noted om p.25 the
greater part of the water availlable for agricultural purposes
" is drawm from wvells tapping underground acquifegsiv The most

_prolific ylelding areas now under exploitation and likely to be
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increasingly utilised are situated the length of the coastal
- plein end in parts of the adjacent steppe. In the Jebel and
the Dahar recomnaissance surveys in the past by Italians, more
recently by U,5:0:%.% have falled to produce evidence of the
existence of accessible acquifers which could be tapped to
‘support an irrigated zgrarisn economy. Thus throughout the
Jebel and in the adjacent lowlands vhere ground water is salty
at a depth of frgm 60-80 metres, there sre many tanks and |
~ ¢isterns {fig._léﬁ. The egpacity of these tanks is generally
a few cubie metréé; The use of these tarks and cisterns is e
palliative measure absoluiely necessary where the population is
dispersed and wells sre inadequate. The cisterns are generally
situsted near rocky slopes where absorption of rainfsll by the
scil is low and a large proportion runs off. This Qater is
collected by means of small earth or store walls and is tun into-
a sedimentation'ﬁit; and on to an underground-ciStern; .In
genersl hheif capacity is smell znd they ére ufilised mzinly by
Libyans. |

Water suppiy from the cisterns is more subject to drought
influence than aré wells since they depend con heavy réinfall and
an adequate run off;: However, the cistern is of value in
extending lsnd development %o a greater distance from wells then
ﬁould othervise béjéossible. The well may be expected to give
a smill, buﬁ'canstaht, supply of water at sil seasonsji the

cistern preovides water for most of the year. This is 2ll that

x United Stateé}@bexseas Mission.
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is required, however, for the pianting of trees. Whereas the
mobile nomed can migrate when cisterns dry up the settled farmer
is tied to a certain radius from a more permgnent well or

spring vater supply. - Where the netural impluvium is rocky and

bare iy lends itself to the colleetion of run off waters but in .

such cases the construction of underground reservoirs is .
difficult end costly. The distribution of wells in the Ghiblg,
largely defined by the drsinsge basin of the wadi Soffegin, is
Tépaice slthough s systematic survey of the potentialities of the

acquifers has yet to be undertaken. Water is more then %0
-metres below the surface over much of the avez end yields are
generally low even though the soils of the wadi bed are sﬁédep?
tible to agriculturzl development. Cederstfom(32; suspects
that, in the lower regions of the basins, walter may occur at a
noderéte depth towards the coast but its use depends on further
test drilling. |

Suzface jpters.  As s rule in North Afeics surface water dischar-
ges almost always starts violently, sometimes evén with such
suddenness es o cause loss of life. In the Jebel, where there
is an spprecizble rainfall over steep slopes with only a sparse
vegetation cover, the run off could amount to as much as half
the rainfell, dépending upon the dryness of the catehment area,
soil depth, and the intensity and duration of the precipitstion.
Elthough no recérds are aveileble for the rate of run off from
any of these wadis, fed by their catehments, it is éertain that

those in theé Central and Ezstern Jebhel gre, at times, heavily

G
IEd
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flooded by reason of the fact that in their lower reaches they
have to be bridged by large spens. The wadi Ramle draining
north from Tarhuna bad a bridge with & single span of 20 metres
obviously designed for msximum fleood periods.

Uncontrelled, these fiash floods of the yadils are a threat
to soil and moisture conservationh not only in the Jebel but glso
in the plains where they reach the coast (Plate ¥¥). The only
systeratic attempt t6 harness rein water disposal snd prevent
soil erosion seems to have been made by the Romans who betwgen
tbe zndland 6th centuries extensively cclonised the more-humid
perts of the Central and Esstern Jebel. Their techniﬁuas-were
mainly desighed to reduce the flovw of wadi water by dams across
the valleys in thermountain tract, diversion dams in the pied—'
mont zopeé, thus creating hurid svess famning out from the foot
of the scarp, and the reduction of surface and soll ercsion by
terraciﬁg-of steep’ slopss end wadis sides. Aligned with
hydrological practises gs the extension of arboricultuge on the .
vatersheds and sleopes wihere the extensive raotiﬂgjgystems=of,pﬁe
trees held the soil and reduced surfece run offy - This rationél
systeg was.allowed to decay during the occupation by alien Arab
pastoralists, and being accompanied by the destruction of the
plantations, the processes of erésion wefe rejuvenzted. Similar
technkques gre still gppligd in restricted areas by the Libyan -
fermer today, but his gbility tc promote such schenes, ss we shall
see later,; is limited by his attitudes snd economic position.

This seens evident from the contribution made by the state
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towards schemes for restoring some of this lost fertility to
these areas of the Jebel. Sinee 1954 development agencies
have been engaged on the canstructién of earth and rock dikes in
several wadis flowing south to the Ghibla-Tsraglat Tmasla, and
Hazmein covering en areé of 3,800 hectares (Plztex@l). The .
control of the Megenin, perhsps the most precécioﬁs of Tripoii—
taniz's wedis, is 2lso being plamned to deVelqp an area of
some 650,000 hecteres. Emphasis is elso being laid on self
help programmes which demonstrate to farmers the importance of
terracing.
Wells. -The.greatest concentration of wells is seen in f1g¢-;E§f ’
to be in the coastal plain and adjacent stepre areas. Theé |
majority of these wells (18,000) tap the £wo superfieial water
layers vhilst g further 958 exploit the desp artesian and semi-
artesian-:dquifers. These artesian wells sre situsbed at
intervals aioqg-the cozst from Psids in the west $6 Gioda in the
east. There are 7 in the Tripoli zone and alclusfef of 15 and |
6 at Crispi and Gioda. A further 19 sub-srtesian weélls (these
ere sunk to the depth of the srtesian wells but thé water does
not rise to ground level thrnugh its own pressure) are diétribu-
ted in the Eastern Jefars and the cosst with a concentrated
- group of 8 wélls at Garibsldi. These wells at Garibzldi are,
however, not in use.

The totel irrigeble zrea commanded by théée 7ells amounts
to about 70,000 hectzres.

First Shallow ﬁggggfgg. This source of'water:is found. of
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varying depths sccording to the height sbove sea level and the
distance from th; coast. It is thé source of water for the
numeéous Libysr wells which have contributed grestly to farming
gince.ancient tines. The fze%t that it ﬂ;s the only water table
in use prior to the Italian arrival is proof of its accessibility.
The greater abundance of water snd higher density of walls in

the cosstal depression is explained by the fact that the aversge
slope o? #he scquifer from the cozst is zhout 251,000, 1I%-is

due also to the fact that the inclination of th: . aguifer is

not uniformﬁ.being steep at the base of the Jebel énd elmost Tlst
- nesy the coest. At Tripoli the water table lies between 5 gnd
15 metres but towerds the east its depth increases to 20 metres.
West of Tripoli the acquifer is mear the surface as evidenced

by the.pxesenqe3cf,$alt msrshes and springs. At Azigziz the water
table isfhﬂfﬁﬁiﬁés'below the surface end 92 metres at Bir el

_ Ghnég,,i The movement of water is fast in the east but in the
west, where the water table is near thé surface, the £low is slow
and not su?prisingly saline. This phreatie weter table either
exisﬁs gs one sclid mass of waterbesring strats or as seversl
thinner layers depending on the deposits, but lies above the -
Tyrrenh;an clay .at Aéizia. North of Azizis the second acquifer
-paéSes beneath thﬁs clay layer.

gnggg;ig;iggénggnggﬁg;gggﬁ. The indigenous Libyan farmer makes

- good use of this shallov weter lsyer and explclts it by means of
the 'Dzlu’ systém-(i.e. z pulley system opereted by animals)@ﬁdtexxﬂ

From .the high concentrztion of wells in the Tripoli-Teagilurs ajes
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yields of from 4.5-13.5 m3 per hour are obtained but generally
the farmer is content to draw 3-8 m3/hr., sufficient to irrigate
an area of from §-1 hectare. Whilst this supply 1s inadequate
for large scele irrigetion to replace the Dslu by eleetrie
pumbs, without first reducing the number of wells, would soon
result in s depletion of the weter resources.

In certain parts yields from this acquifer are as high as
those obteined from the 2nd. A% Bl Maia (west of Tripoli City)
water is only 2<6 m's below the surface and yields of 20 m3/hr.
are possible. Inliand at Castel Benito water is'at'19§25 m*s and
yields of 30-40 m3/hr. allow the irprigation of citrus,; peanuts,
lucerne and potatoes.

_In the extreme east of the Jefara at Garsbulli the 1st water:
' ‘table is rarely used for irrigation.” At Corradini the water
table is deép'énd yields fremwwindﬁumpsf;re low.(ééh m3/hr.).
The low capacity of these wells is due to their inaccessibility
'Irather'than their paucity. In the WQStefn Jdefeara aﬁlfhe foot |
 of the Jebel the 1st écquifer appesrs as a line of springs, being'
notable at Tigl and Giosc. The flow of thé spring at Tigi is
cnly m3/hr. and could be made to yield higher by digging tumnels
or trenches fuither inte thé bregk of slope along the sﬁring
line and thus tapping water even in summer. 'The springs fron
‘Seeckshuik-Gasr el Hag have a higher discharge and support
numerous palm trees, but. at Falut there are only = few springs,
little more than sufficient for domestic water ﬁeqdiremenﬁs.
A few tree crops and terraces are found on the lower part of the
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escarpment. Although there is a flow of 152 m3/hr. from the
Scierscisrias spring - north of Tarhuna - it disappears on
veaeching the plain. '

~ Only at the coast and inland at Suani Ben'Aﬁem and Ben
Gascir is the 1st water table sufficient to allow irrigation.
égg_gégg;gggi Because of the higher yiéidé this-ucqﬁifer is
of tremendous importance. Theodoroa 33 clearly establishes the
relative importance of the various saquifers in thé region of
Zavia (Teble 2U).

Table™aff.

. Number of Iibyan and Italian wells exploiting the 1st
and 2nd acquifers snd aktesian supplies in the Zavia

area.
o Iibyan Italian
1st Acquifer 174 26
ond " e . 129

Artesian | 0 | 2

Water is abundant in this sqquifer; it has formed the basis
of Italién egricultural expsnsion. Along the coast, farmers
with large holdings favour the use of this acguifer. It is
exploited by large scale commereial farming entérprises, Italien
demographic settlements and the town of Tripoli for domestic
water supplies. ' Today there are probably sbout 2,000 wells
drawving on its supply.(3%)

The first and seé@ng saquifers are recharged continuallj
b rainfall at the rate of ébout 15-20mm's per smnum (Cederstfom,

33, for the Uripoli area). Where the reinfall is over 250mm* s
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and groundwater is continually on the move (i.e; Central and
Eastern Jefsra), the quality of the water is good and not likely
to deterioraste but in western parts of the Jefara and lowlands
of Misurstino the first water table is 6f-dqubtfai.quaiity:where-
" the water is slow moving and rainfall is low..

The early exploitation of the second »@quifer was ¢arried
out by driliing boreholes in the bottom of ancient shallow wells
* .and pumping apperatus was placed at tite bottom of the ﬁeli to
raise the water to the surface. But later the technique was to
sink to a depth of I metre sbove the shallow water tsble; end - .
then to bore s tube well dowm to the semibarﬁgsiaﬁ level and
use the first well as a reservoir for the pure water. The water
wss then distributed in cement or light concrete pipes for flood
irrigation or more recently by sﬁéinkleré'which»reduce the
expense of lévelling ond increase the irrigable'érea.

The abundance of'Water in the second water table has been
questioned as a result of recent observations of water levels
in wells distributed in the Jefara between Tripoli, Bianchi,
Buani Ben Adem and Castel Benito. The history of this ares
after Itslian occupaﬁiQn has been one of new wells being
constructed each year and pumps being replaced by 1a¥geé'pum§s
from time to time. From the fall in static levels noted through-
out the eras it seems that a drop in static level has exceeded |
recharge. - In 20 years water levels have fallen as much as 15
metres near Casitel Benito, 5 metres east of Tripoii City. The,
drop in level is convineing at Bianehi snd Giordani. (Table i22mw)
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Table 22. o
Depth of ya%e below ground level
| metres . s
1938 1947 1950  Sept. 1951.
Bianchi Farm 150 © 11,10 13420 13;90 © 1450
1939 1948 |
Giordani Farm 59 14450 17:50 17.90

It is reusonable to assume that the 750 pumped wells in
this area are robbing adjacent areas of supplies. Consequently
this area, whlch has fostered an intensive development of
culﬁlvation, may be near the limit of sustzined development, and
locally sustained development is being exceeded.
A;ﬁggiag_yanggga As vas noted in Chapter I there are three zones
of artesian waters yielding from 20-350 m3/br. under natural
flow. | | |

The development of their artesien waters has only beén
partial and ééVeral.of the deep artesian wells have gone out of
use as a result of corrosion of the tubes. Others are found
to be in need of repair. ©  Most of the subéartesiaﬁ wells in
the third water table have been left undeveloped owing to lack
of funds.

The high water yields of the artesisn :aquifers.end their
16ﬁﬂ¥unning costs for irrigation are overshadowed by the 10#
quélity of thege Waters which have hindered development. In
paitiéﬁlar these waters are noted for their high cqhtent of

sodium chloride.
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The most salt tolerant c¢rop is the date palm which can with-
stand up to 10 grams. per litre 1,000 of NaCL, although it
prefers 3. The olive and almond can resist 3 grams. per litre,
vines 2 and f£igs 2-3.

The effect of irrigation on crops in certain aveas depends
also on the type of soil ané soil solptiony large numbers of
soils, particularly in the Jefara, aré sandy, permeable snd well
Grained, Gevoid of chloride, rich in Ca Co3 theéfeby alloving
the use-bf some poor quality weler for successful ivrigation.
ﬁggggmgggggg Regions eof the Jefara. Along the coast and as
far dnlend gs Aziziz there is water in sufficient quantities for
livestock, humzn coneumption agnd irrigation; but in the Western
and Eastern Jefera, end in the vieinity of Misurata water for
irrigation is limited by increasing salinity snd depth of
asequifers (i.e. Bastern Jefara).

(a) West: Cozst. - Here underground water is comstituted by the
phrestic end western artesiszn type with two ecquifeis. Pockets
of freshwster are found smidst the dunes zlong the ccast but
saline water occurs on the durface. In the western areas fresh-
water is found in areas of higher elevetion but they are limited
in flov end quality. :
(b) Cefitxal Parh of We

Jefars. This area eontains the -

spring line zone, and despite the low rainfall, numerous. cisterns
$o. collect and store surfacé yater flow. In the sandy area to
the south of Sormsn:: Zanzur wells are-evenly'ﬂistfiputéd at

intervals of approximately 2 miles.  Water is of regsohable
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gallity and geﬁerally at a depth of 20 metres below the=éuf£ace.
(c) Inner Jefara. Water is at 30-40 metres and wells are

' absent. ' The quality of water is low but may be availeble in
‘reasonable quantities. | '

'(d) ' Eastern Dune Jefera. This region is similar to the Western

Dune Jefara. It is the zone of the deep phreatic water and -
wells are Sparse.

Although certain underground water could be developed
(eig. Western Bianchi and dune south of Tripoli), the develop-~
ment elsewhere dépénds largely on finding chesp means of
réising deep quaternary water. Huch depends also on the better
use of brackish water. The Italian settlement of Crispi
provides an example of such utilisation of saline aiﬁésian
waters. The initial scheme was for the semi-irrigation of salt
tolerant crops excluding those with their whole life cycle in
the sunmer. : On a 10 heetare holding olives were planted 15 x
. 30 netres (aimost dry cultivation spacing), leaving space for
4 hectares of ceréals, 4 hectares of pulses, 0.5 hectare lucerne
and 0.5 hectare of spring-summer graeses and a small area for’ |
industrial and -horticul tural cropn.' With only one £ifth of
the area irrigsated and the land resting for 1l-3 years the results
hgve been encouraging. Olives and dates have done well but
fruit trees (citrus) have given disappointing yields. Wheat,
barley, pﬁlses and sorghum seem te1hri§e but tobacco, pofatoes
and groundﬁg#slhave“hot done well. This example demonstrates

clearly thé_vaiue of the olive under semi-irrigation in a2n area
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of marginal rainfall and where irrigetion waters are fairly
“saline.. T

The use of saline water on permeable well drained soils
is not as dangerous as in heavy soil areas, since there is less
chance of waterlogging end consequently more leaching of the
soils.. Vhen a celcium soil is irrigated with water of a high
sodium content the sodium tends to replace the calcium and the
s0il becomes saline, .but this can be corrected by,the.aﬁpliea-~
tion of gypsum (Cz So04) which is plentiful in Northern‘Tripoli--
tania.. Therefore there are distincet possibilities in the
Misurata area.. |

The problems of water use and supply are complex.. The
physical limitations of the Dalu, although inexpensive and
adapted to meagre supplies of water from the shallow water,
are obvious.. Italian developments of artesian and semi-artesian.
waters called for high capital investment but made possitle  the
expansion. of sedentary agriculture. Ultimately one must
consider costs, .and since land is relatively plentiful and water
scarce and expensive there is much to he said for the develob—
ment of relstively cheap water (artesian) for drylend cropping
developnents. This has been successful at Crispi whére a
rational rotation and limited use of brackish water was applied.

Thus in areas where water is brackish and techniques of
water irrigation limited or costly there is much to be said for
the development of dryland cropping in combination with fully

irrigated crop 2areas. Even in the best water supply areas the
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problen of depletion of watér resoufces can be mitigated by
intensification of ecrops with low water requirements and suited
to dryland eultivation. - Furthermére, since 1945 the increased
production of summer cash crops grown under irrigation, e.g.
groundnuts, even by formerly subsistence Arab farmers has
inevitably produced a strain on water suppliés.as has been noted
at Bianchi.

Water costs. It is to be egpected that in a country which has
no flowing rivers costs of water will be high although varying
with methods of drawing water and applieation. This iS'dne
Téason why every effort should be mede to profit as much as
possible from the rainfall and employ cropping systems in which
water requirements are at a minimum.

Considerable efforts were made by the Italiag Goverrniment
to develop irrigated farming and a schedule of water costs
obtained on four different types of settlenent indicates the
pattern (Tables 22z end 22b) T Bmevlgl_eri is a dryland settle-
ment in the eastern Jebel where water is not easily found.
While the capital cost of water per hectaré is lower by far than
on any other settlemént, the capitdl costs per cubic metre and
runihing costs per cubic metre are very much greater.

Olivetti is situated on the west coastal plain where water
is easily obtained. Ferms are smaller and the proportion of
irrigable land on each farm is 10%. As might be expeeted, the
c¢apital cost of watér development per hectare is higher, in

probortion to the increased amount needed for iryrigetion, but
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the capital cost per cubic metre per annum is very much lower
than at Breviglieri. Running snd maintenance charges are also
less. '

On the Crispi settlement, owing to the fact that the water
contains impirities, the Wwhole farmférea had to be developed
with pipes and farrows to allow some rotation in the irrigated
area each year. o

‘That the irrigation of land in the sémi-srid aress of
Tripolitania is costly compared with dry farming on the Jebel
is shown by the ‘capital outlay on water developments in
reldtion to thé whole farm areas; that is £3.3. per héctare

for dryland farming on the Jebel, compared with £22.2. and
Dkl elsevhere. -

' Amongst the most important of eéxtreme

¢limatic phenomena affecting crop growth and production is the
occurrence of ‘the southerly winds (Ar. Ghibli). ‘Snow is very
uncommon: but has been witnessed ‘in the Jébel in T949 when

1 metre aceumulated in three days and covered most of the area. |
Hail occurs more frequently, ahd generally in association with
cohvectional storms. In 1955’1%'13 recorded fhat crops’ were
destroyed and animals killed by hailstones of considerable size.
Extreme minimum témperatures of 0% aré rarely exceeded along
the coast whilst 5% in the Jebel and semi-desert regions sre
nbfmal,'bqt such temperatures are rarely piélonged‘as'té inhibit
érop growth. Yet Broc recalls the injudy 6§ﬁyouﬂg trées by
frdst in the J ebel valleys at 8«900 'm'e'tre'sw'(%@
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The Ghibli Wind. The Ghibli wind (the direction from which it
blows supplies its name in Arabie) is a manifestation of the
varisbility of climatic conditioms in the region. It consti-
tutes a hot dry current of Tfopical air moving south and south
vest to the noyrth across the country:With its source in the
Szhara. Usually it moves north ovér the east side of a .
depression over thé Western Mediterranean or North West Africs.
The size of the area affected depends largely on the synoptic
situation modified by the local factors of relief, aspect and
position; but whether z deep depression in the northern
Mediteiranean or a minor one over Tunisia almost the vhole of
the region comes under its infiluence with pronounced.effects on
the southern slopes of the Dahar and the continental parts of
the Jéfara lying to the north of the piedmont zone of the Jebel.
Here, as a katabatic current coming down the sca¥p, it is
associated with exceséiVe tenperatures experienced during the
summey months.

Characteristically, the Ghibla is a hot dry wind and it is
directly responsible for a sharp reduction in atmospheric
hunidity with rapid inereases in temperature. It may raise
temperatures to a maximim of 50% and changes in humidity from
90—1Q%Lare-not uncommon. Its dryness catises an increased
transpiretion fpom plants and a more immediate evaporation from
the soil. Amongst other thihgs the Ghibla would appear to be
responsible for the eye disease Trachoma which is prévalent

gmongst the rursl Arsb pgpulation.
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During 1998+59, the author observed the onset of a Ghibli
of which a sﬁort_description follovs. It was preceded by a
lull ip thé prevailing (generally north west wind) lasting some
15 minutes. The onset of the Ghibli was accomplished in a
métter of minutes. Wind force rose to 6 or 7 on the Beaufort
scale and quantities of sand dust carried by blasts reduced
visibillity to ten ysrds snd less. On average the first hour
vas smﬁrmy'and hot; thereafter wind was less intense and
visibility improved, but the temperature remalned high. The
end of the Ghibli came just as quickly w1th a sharp reversal in
w1nd dlrectlon to the North and influx of cooler air.

During Ghibli out of door activity was virtually 1mpossible
for the whole duration of the wind. Buropeans are less adapted
than Arabs to high temperature and dryness during Ghibli. If
thé winds are strong then the heat haze is ofteh ac¢companied by
sandstorms and wherever the vegetative cover is disturbed by the
misyse of soil (e.g. grubbing of plants for fuel or overgrazing)
the winds tend to produce dunes.

._On the othar hand the Ghibla is essential for the maturing
of the date harvest in the late summer. Along the coast the
Ghibli are most frequent in the early and late summer, periods
of criﬁigal rainfall, but they may arrive in November or early
Spring; qumaliy; the duration of the Ghibli iS'no_longer than
three,days-but it may blow up to five and in rare csses eleﬁen
days: A similar pattern of occurreénce prevails in the Jebel

and steppe except that the winds are more freépent and less
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easily_%gﬁérrupted than at the coast by temperature inversions
b;oughﬁiébdut'by'thé-Sea winds. The wind is modified in the
Jebel Ey locel variastions in relief emd éxposure.
Temperatures. The thermal régime tends to show Mediterranean
chargecteristics in winter and Ssheran in summer. Overall, the
region reflects the position of the Mediterrsneasn as z climatic
contact zone. o

There are notéble differences in mean temperatures in time
and space 0wing to the interactions of vsrious ciimatic elements
including distance from the ses, local relief, and_diﬂférence_in
the eonstiéﬁtion' of the gfound sﬁrface. As ve have seen the
seasonél change of méan'monthly temperatures are most equable
at the coast and in the Jebel with'the greatest rangeé in the
steppe and semi-~desert regions. The extremes of température
are of some significence. Summer meximums are recorded for the-
steppe whilst wintér'minimum‘are highest in the Jébeluanduggmi—;
desert. MNore important still, as regards crop growth, are fbé -
variaticns in déily‘@gmperatures whose lggge range is a magrked
feature of the climéﬁe5ﬁ“10wé$%night.and day temperatures might
be ezpected in the dunose and sand areas relative to the |
temperatures on the cdmpacted wadi cultivable areas and sebkas.
'At'thé Eéésﬁuihe déiiy range is moderated in summér by the \
cooling influence of the Mediterranesn during the day and the
réiatié&-wﬁrmth at gight. Inland, however, this_influende-
‘declines. High day temperatures and low night temperatures

cause intense damege- to maturing wheat and barley. Also the
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extremg diurnaliva:iation in temperatures during the flowering
phase can affect olives. |
Eggg&, It is common knowledge that frost occurs along the coast,
'but more frequently in the high valleys of the Jebel, with
highest mncidence in Jenuary. In the oases on coastal margin
’tney are likely to be less frequent than inland. Similarly hill
foot and hill top sites have reverse relationship. On the
higher slopes - f:osts will be due to low temperatures of free
éir.father.than the pondering up of cold air dréining'into wadi
chollovs and 1owland basins.

GiaVity flow of sir would seem to tzke place in the evening.
More equaﬁle ﬁemperatures on hill slopes may account for the
fact that settlement is scattered aslong the hill slopes,
surrounding the farming land.

| The libyan farming areas appear well adapted to the thermal

regime at thé coast. A dense cover of pslms and other tree
Crops, ihcluding the olive, exists. Cultivation is carried on
over restricted areas and a high percentage of the lsnd in the
oases is in constant use. Fallow land is invariably left with
a weed cover after harvest. These practices give an insulating
effect, especially on still nights when radiation is most intense.

In congrast Italian ggriculture is characterised by the
wvide spacing of trees and dispersed cultivation strips scattered
over large areas. Clean weeding is a common prectice. The
result of the_EurOpeaq approach to land use is that the areas
suffer badly from theféffects of dimrnal changes in temperature.
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The humagn impact of these extremes is relatively small
amongst pastoralists. In the coastal oases and steppe, however,
less marked daily ranges have an immediate inpact on the settled
farmer to his bemefit snd detriment.

The scarcity of rainfall is

not the only inconvenience to agriculture; if the quantity of
regin is repested from one year to another with s certain
J;egularity and with a good seasonal distribution then it is.
convenient for cereal cultivation. Instead, the totallrainfall
varies from place to place and with marked seasonal variability
and contrary to the needs of herbaceous crops - scarce rainfall
in autumn. | But tree crops possess a notable resistangg to
climatic varistions, and the technigues of drylend cultivation,
rationally applied, can mgintain the humidity in the soil.
Since tree cropping in this form must be exténsive it incurs
'certain limiting economic factors; the long waiting period
before the olive fruits and the inherent dangers of’mOnbéuiture
may provide serious hendicaps to arboriculture. The risks znd
delay can be smeliorated by irrigation and the dévelopment of
intensive polyculture as opposed to extensive monoculture forms
of cultivation. |
The gradient of variability falls steeply inland from the
 coast. Even on the coastlthé reliability is such that irriga-
tion is necesgary everywhere if the quantity and quelity of
harvests are not to suffer and fluctuate violently. In this

context the stabilisation of crop yields is as much a problen in



-152-

Tripolitenia as the development of new lands. In spite of
violent fluctuation in annual rainfall cheap irrigation from a
shelloﬁ‘pbreatic water table has enabled the‘growth of reasonably
secure settlement in the nsrrow and diseontinueus oases of the
.ceast whilst the abundance of cisterns and tanks on the Jebel;
.whiist-helping_this stabilisation, have not eompleﬁely assured
:stabiiity, Where irrigstion water is not available then the
‘dryland’ farming of tree crops 2nd the shifting cultivation of

céreals becomes important.

In all areas other

than the coest and Jebel the indigenous population hss beén able
to adapt itself to a preponderance of bad seasons over good by
a pﬁecarious nomad economy. Intense varigbility of insuffi-
eiént rainfall has been, and will continue to be, a tremendous
retarding elehent in sgricultural develcpment.

DeVelophent and stabilisation aré complementary in. Libyz -
eech absorbing an equal share of mational and foreign capital
resources, e

1, LeP.D.S:A. in 1055 spent £L200,000 on STABILISATION™
£L) 10,706 in Agricultural

Development. :
‘2. 1956=7 comparable figures were £L124,000 and £1227,496
respectively.
_Effgg; og Agg;g lture. Several conclusions can be madé regard-

1ng the effect on agrlculture of the aridity and 1nstability of
Trlpolltania S'01imat§ and the limited distributional quality
of water for irrigatiom.

(1) The climate of Tripolitanie produces rein when there is
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least demand for it. Conseguently there is an accent on winter
crops. On the other hand, in the season of greatest potential
growth, summer, rainfall is absent. Such-a situation puts a
high premium on moisture storage, s1d irrigationf@ﬁndéﬁfdry Ty
ferming... For crops dependent on the winter iains tnélgrOWing
season extends from October to March but is generglly ore month
behind the Jebel. Activity is halted during the summer months
for all crops except those that are able to withstand the
drought by radicular development or alternatively those which
re¢éive irrigation water.

(2) Thermgl climastic conditions in winter allow, on the whole,

a wide range of crops but the rapidity in the change of ﬁempera-_
ture from summer to winter, wvhich may be accelerated by a Ghibli,
is a limiting factor. Thus crops with é,abggt»cycie~bf growth
and which mature in early spring are favoured. Even during

the winter months wind and temperature conditions can be ﬁarginal
for such crops as tomatoes, melons and potatoes:

(3) The Ghibli, as the rainfall, but in a contrary sense, consti-
tutes a climatic'factoré regulating production and even distribu-
tion of c¢rop plents. This infernsl wind, whilst it may be
essential-for the ripening of the date palm in late summer and
can be,begefieial gs regards phytosanitary conditions, has alsoc
a detrimentasl effect. By reducing humidity it increases trans-
piration snd accentﬁates evaporation from the soil. Thus
indueing drought conditions. Such action is slso harmful tb

the reproductive organs of those plants vhich flower in spring
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at a time when ghibli conditions are most frequent. Leone(26)

observed this phenomens in several herbaceous plants and tree
crops which flowered late. Therefore the cultivation of crops
which flower before the peried of strong ghiblis is most
convenient. Barley is growm as the major dryland crop and it
matures at the end of March. However, should the early rains
be late then even this short eycle crop is exposed tb‘the
ghibli. In the seue way the late rains in spring are valuable
for the flowering of such tree crops as the olive. If these
are absent then fecundation is negligible. |
Through the centuries the farming calendar has been adapted
to these natural phenomena, with the result that'eertaiﬁ'typeé
of crop msnagement can be distinguished (Table éép.
A Rainyetered crops. |
(1) Autumn-Winter and Winter-Spring crops. These are
planted at the beginning of the rains or midway
through the wet seagon and are often given supple-
mentary watering until adeguate moisture is available.
These inelude Broad an& Climbing beans, Lucerne, Herba
medica, potatoes, tobacco.
(ii) Sowm planted at the beginning of the rains. In
all except drought yesrs the moisture is sufficient
to sustain the plant, i.e. barley and herba medica
(forsge crop). ”
B. Crops dependent on the soil moisture. They aie.planted
.1ate in the wet scason znd includé several tree erops:
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olive, almond, Vine.

C¢ Irrigated crops are thosé which receive irrigaticns at
regular inteivals during the period of growth. Three
crops are possible in a year but the wet season erop
is less dependent on imported water than the other
two. However, since most of the summér crops are
planted in spring or early summer they do not rely
on full irrigation: millet, groundnuts, tomatoes.

D: Planted late in the rainy season vwhen available rain-
£all will be adequate for growth. However, the land
has normally been empty of crops during the winter
and constant surface ploughing has kept the soil free
from wéeds, thus reducing to a minimim wateér loss.
Utilising these reserves the plant will develop
during the drying summer, supplementary watering may
benefit such crops where possibie eépeeially during

a2 partieularly dry surcnmer.



Table'zg.'
.l’

Seasonal Rhythm of the

Growing Season:tin Northern

Tripolitanig.

Jan. F M A %X J J &

S 0 ® D

5. , MiTlet (forege)

a #illet
a Broad Beans
& Beans (climbing)
a/d I I a II Potatoes
a ] a 'bniQnS‘
2/d  Tomatoes
7 a Lucerne
—_— .
= S b Barley
a/d 3 ~ Herba medica
¥ ——> Tgbacco Sbwn
in Dec.~Jan.
¢ 01lives (Fair prod. July, Aug.,'
¢ R Almond
- Groundnuts:
a. Planted at beginning or midwsy through wet season - given
- drrigation water until moisture adequate.
b. Sown planted at beginning of seasonj in sll except dropght
‘ .year molsture adequate.
c. Those dependent on soil moisture.
de. I_’r;r-igated .
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III. Groundnuts aie the exception and réquiie regular watering.
Other high water requiring crops are tomatoes, tobacco, mnlons,
alfa-21fa and pepper, and eitrus crops (Table Eﬁﬂq ' kore
briefly there are i. nglggghgzgge '

1. iggted

o, did.
The pattern of husbandry is largely controlled by the

moisture regime and the crop systen which 1ﬁ<sl1ovs. Even
vhere irrigation facilities sre available the cropping system
is arranged to tske as full advantage as p0351b1e of the
winter rains. Shallowv ploughing with the native ard type
plough drzun by animals is only possible after the onset of
“the rains vhen the haprd crusts and soil ¢lumps prodﬂced in
' summer are weakened. The need for moist soils is not so
importent for mechanised cultivation and deep ploughing may
be carried out in high summer. ; '

- The unceftainty of the timing end vielenee.ef the onset
_of the wet season has induced farmers to aim at some conserva-
tion of soil and water resources especially in the Jebel,
vhere run=-off- rates are sccentuated and gully end sheet erosion
.19 common. Damming and channeling are a feature 9£g§hé wadis
and hill slopes. Exceptionally wet seasons'een-perE"hazardeas,
Attention must £irst be given to the fields scheduled for
cropﬁiﬁé:eﬁd the conscientious preparaztions needea_SQr
irtigated crops and the work required in comservation may mean

that the dryland'creps are sometimes neglected.‘ The timing
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Table @5.

Irrigation requirenents. of crops during the summer,
per hectdre (CBAST) (1

Toe frrlgations Freqﬂency ' Amount 'Esﬁa ~amount

CROP 3;‘Tlme M3 per irr. per yesr.
15am. 10416 3415 . 110416 3 15 10.16 Cus metres
to to to to . .to.
10,15am. 3s14pm, 10, 15 3.1% 10415 .3, 1h
olive 7. 1 1 Nov. 300 300 égkoo
Aifalfs 30 6 7 25 800 500 27,000
10c.~No, -
Orange = 18 4 12 1Feb-Hy 800 500 16,400
Peanut 18 Z 600 104800
Wheat '3 3 20 500~300 2,400
- Potatoes
Septe.~Jan. g 3600
Febs-June 4750
Tomatoes ‘
Octe=ligr. 13, 609

Apr.-Jduly 1H.k00

Thus oclives are given one irrigation of 300 cubic¢c metres on
March 1st then 7 irrigations of 300 M3 every 30 days thereafteér.
The total required per hedtare = 2,400 #3 of water

' - 2%0 mms . rainfall

(1) From L.A.T2AS. Report (Reported by Dr. Casadio, Sidi Mesri).
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of the early'ggins may glso result in the sowing season
cleshing with the harvest of such crops as the olive.

The summner heat does have its advantagescl.'hlthough
plant growth terminates for herbsceous crops it facilitates
the ripehing of the olive, vine and dste palm: The drying
spring and early sumner cereal ripening is iess subject to
the vaguaries of climate experienced in more northerly
latitudes.

Hotation. The rainfall and its irregularity'in tige and space
does not permit the adoption of a common rotation practice.

As well, the rotation system varies with the inherent differ-
ences between the Libyan and Italian farming economies which
have evolved under different circumstances and exnibit differ-
‘ences in location, size and menagenent. Even so, the moisture
regime and the availability of irrigastion water in- certein
areas kave induced & generslly similar attitude to farming
nractice.

The following rotations are common:

(i) 2 year. Barley followed by fallow or in better rein- .
f£all areas legumes. This prevails in dryfarming areas. In
{he more marginal areaé of the steppe and semi-desert sevéral
years of bare fallow often succeed a barley crop. The barley
crop is sometimés grown together with peremmnial tree crops of
vhich the most wide~-sprezd is the olive.

(ii) 3 year. The more extensive rotation of fodder-cfops,

fruit trees, vegetables and industrial crops, groundnuts,
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tobacco is nermslly practised on irrigated land.

Cerezls and more particularly barley are the main crops
on non-irrigated land followed by olives, almonds and figs.
I% must be emphasized that in the case of dryfsrmed crops,
especially barley, no systematic rotation is possibla, since
a field is sown with barley whenever it rains. Consequent
on the irregulsr rains barley mazy be sown for 2 or 3 years in
succession or the ficld mey be left fallow for severallyearss

From an ecological point of view, current ferming practices
seem adjusted to the generalities of the season, but s#Scepe
tible to departures from mean conditions. The amount and

regularity of rainfell seem to be the decisive factors deter-

mining the agricultural possibilities.

... The human

approaches to the environment of Northern Tripolitania are
therefore limited by poor rainfell and climatic extremes.
Even on the coast much of the land is unsuitable for sedentary
agriculture unless irrigation is possibie. In the steppe zZone
except where the I%slians exploited undergiound wester resources
climgtic limitations have restricted agriculture to primifive
shiﬁﬁing cultivation and stock rearing. o
The essential pattern that appears is the integration of
dryland and irrigated agriculture; it tekes meny forms
depen&ing on the abundance of water for irrigation and the
proximity of'urban nmarkets. There are several types of
cultivation according to water availability. They range from
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the traditional ILibyan practice of integrating shifting and
cultivation in the wadi beds and hamid zones of the steppe
and éemi;deqert, vith intensive partial or full irrigation
ér:annuals end tree crops in the cases of the coast and Jebel
uaazs, to the intercultivation of drylsnd tree crops with
1rrigateu herbaceous erops. This form of cultivation 1n y #
'contiguous plots has been developed in the most ratlonal manner
by Itaiian armers. ' '
gagg;ﬁgg. Since much of the land owned by Libyéns remains
janegistered or only worked occasionzlly the distribution amnd
e;tent of land use types can only be roughly estimated. More
precise is the size and location of Italian farming‘seﬁtlements,
although the total ares is not cultivated entirely. Some
remaing uncultivable or awaiting development.
Therefore both the statistical summary (Tsble 25) and
areas marked-&g the map (Pig. 17) are agpproximate.
The most reliable estimates of lsnd use are those msde

by the British Militery Administrative Survey in 19#5(15) It

was based on research work asnd Italian meps. From these the

totai‘productive land in the teérritory was estimated to be 10

rmillion hectares, comprisings:

1, 60g g%%lion hectares gf gii%%?%glzggtzvétien
hee 000 ® 1. " gedentary agriculture.

The greater proportion of thé stqtic farming area helonggd to

Italisn farmers in 1945 (Table é??.
(1) Extensive Grazing Ares. Totaliing some 8 million hectdres
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the area devoted to extensive grazing is malnly flat. In
general the ¢limate and solls are too dry te permit cereal
cultivation save in the wadi beds and small locelly favoured
places. '

The natural herbage is grazed by wandering Libyan tribes
and their animals sre moved from place to place according to
the dictates of the elimate.

The Ghivla is traversed by lsrge wadis and these are'used .
peinly for shifting cereal cultivation. A% present t@é'v
watering places are barely sufficlent to meet ﬁequireﬁéﬁtéiof
the snimals and as a result the ares is graZed-for-cﬁly two to
three montis during the rainy sesson.

(2) shifti

_ : The area devoted bo shifting cereal
cultivation apounts to approximately 1,600,000 hectares: it
is by no means homogeneous and is certainly not all ploughed
either in one season or over the vhole ares. The demaréaﬁion
of this area on the map merely indicates the distribution of
land with g ¢limate and soil which would permit cereals to

be grown. Cereal production is confined to the céast, the
Jefara and a narrovw strip of the Dahar. It lies adjacent

to the perennially cultivated lend.

(3) Esparto Gpass. The area shaded on the map indicates where
halfa end esparto grow in some gbundance in the Jebel. The
tépdgraﬁhy is very varied an&.comprises both flat ahd steeply
sloping facets. It provides valuable grazing &s well as a

harvest for paper manufacture.
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Table ﬁ@.
Land..Use in. Jripolitanig .

;gndﬂUgg.

Ares (Hectares)

Cogstal ozses 50,000 ) _
Jdebel Gsrdens 127,000 ) 177,000
Italian Concessions 127,000) '
Demogrsphic settle- )

pentg ) '
ENTEY - 42,635) 206,188
INPS 36,593)

Forestry 3,050)
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() Afforeststion. Following sgricultural development s
comnendable effort of tree plamting has been mede particularly
in the asrea sround Tripoli. This, on most of the sizable
farmsy has consisted of small plantations, heﬁ%es and wingg

- breaks. During the latter years of Italian oeéupation the
concern of the Government in reforestation rééulﬁed in -scme
measure of success. Since 1952 a considerable expansion in
forestry activities has teken place. Albogéther, particularly
since 1952, an estimeted arez of 14,220 hectares of Government
‘forest has been established, including 5,728 hectares on
stabilised sand dunes. 3®  Wnilst this is a crediteble
effort it 1s a bare begiﬁning. In the maritime gone. alone,
there are at least 4 million hectares of sand dunes which
‘ought to be stebilised st the earliest opportunity.

On April lst, 1957 the Government Forest Bgtate was
estimsted at 10,700 hectares of estsblished forest,.including
34800 hectares of fixed and plsnted sand dunes. Of this
total area a2 considerable part was planted during the Italian
regime. The most successful species planted are chiefly
Bucalyptus and Acazcia. It is assumed that the srea of private
forests is smaller than that planted by the State. Much of

' tne'priVate planting consists of windbreaks and shelterbglts,
vhich are admirably suited to the climate and topographic
conditions of the country.

Only asbout five per cent of the total

produgﬁive{ignéﬂis“dQVOtedutb settled farming. This erea is
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by to means fully developed and the greater part belongs to
Italian farmers.

Although the choice of crops is large the azres suitable
for sedentary sgriculture wibhout irrigation is limited
theoretically to regions where the mean rainfal} does not fall
below 200 mililmetres. However, in the Steppe and semi-desert
areas, the presence of accessible acquifers and humid wadi
beds allow some cultlivationj these factors compensate for the
nediocre rainfall distribution.

The development of dry farming in zll its phsses,
ineluding the cultivation of crops requiring only a little
. water at one stage or another as well as water cdnservatiog
work of terrscing, snd the controlied devélopment and
officlent use of ground water seem to be fundemental modes
of land use in¥such'an erid region,ss Northern Tripolitania.
The best of the coastal lehds are already developed and‘neéd
ohly smali.scale help. Because the potential irrigable area
is in’thelhoﬁ Jefars costs of extending fully irrigated
agriculture will bte high. The dryland development areas are
lsrge snd situated mailnly in the Jebel, where rainfall qoml
pensates for the higher costs of water. Robb estimated that
30,000 hectsres of land could be brought under ifrigationland
a further 350,000 heetares of dryland development along the
Jebel and better watered portions of the countzry.

It is not surpriging, therefcre, that the olive occupies

almost forty-fivenper cent of the total area of settled
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farming. In genersl trée crops have two special virtuess

they can be planted on broken terrain end they are efficient
extractors of groundwater. Sown crops, on the other hand,

are influenced by the need for recurrent fallowing. The olive
tree can also play sn lmportant part in reforestatlion since

it grows well in arid and semi~arid soils where shade is so
essentials moreover an olive grove provides an excellent wind-
break.

' Since the growing season of the olive corresponds to the
dormant period for Grylsnd amnuals, the tree extends the erop
range and economic activities throughout the year.  The
longevity of growth snd production plays an'importént part as

& stabilising element lending continuity to an agrarian society.



CHAPTER ¥
Ecology of the Olive .
-mhe 6live (OLEA EUROFEA) belongs to the family OLEACEE
(GENUS OLEA) which comprises 35 species diffused throughout

the eountries bordering the Mediterranean snd those countries.
with analogous subtropical mesothermal climatlc regions,
namely, South Africa, South VWest Australia,-North'and South
América. The Mediterranean remains the heaftland whilst
these satellites owe the diffusion of the olive particularly
%o Duropean colonising efforts in the. late 19th and 20th
centuries.

The olive is cultivated mainly for the edible oil derived -
from its fruit which is widely used for domestic purposes
throughout the Mediterranean. The residue after oil extract-
ion (SANSA) may be used as a fuel for burning, as & concens
trateffbr livestock, or as a fertiliser: The sansa may be
further subjected to extraction for egible oil, but more oftep
it is used for industrial purposes@'ehiefly in soap making.

In addition the wood of the olive tree makes good charcoal.

A mature olive tree produces about l¥ tons of wood above ground
and 2% tons below ground which yields approximately a ton of
charcoal when the time comes for replacement ‘- :

Within the Mediterranezn olive oil largely replaces
enimal fats. In Tripolitania itself the consumption of ell
edible fats and oils averaged 8 kiiogrammes-per hgad in 1958
of which 6,0 kilogrammes comprised olive oil.(?zy
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DISTRIBUTION

. In Northern Tripolitania the tree is widely diffused and
although the' culture is predominantly concentrated north of
the 32nd parsllel, small stands and individual trees (all
irrigated) -are kriown to exist in the oases of Peézzan as far
south as the 24th parallel. - Small groves of stunted 6lives
were observéd by the author at Ghadames and Sebha but their
yilelds were reported to be negligible: = Many of thesé trees
were introduced, in the past, by merchante from thé coast.
They consist mainly of edible varieties, noﬁeﬁ'fb? their
size of fruit and scarcity of fatty substance.

In terms of longitude the tree is grown from the shores
of Sirte to the Ouezzen on the Tunisian border. This
distribution takes in climatic conditions ranging from the
Mediterranean type on the coast to an extreme:desert élimate,
%ypified at Ghadames; i.e., from a mean  annual temperature of
19.6% 'to 21% &nd a mean rainfall of 368 mm's:to less than
50 mm's.

The ‘distribution of the olive has therefd%e tended %o
expand@outside the true radius of Méditerranean climatic
conditions (undeér which the olive thrives)'where-the-minigum
conditions- for the tree's adaptation and growth are encouﬁfereda

North ofthe %2nd parallel the tree is unevenly distributed
(Pig. 18[, 'i'able 27 Appendix ). Centres of major importance
tend to be separated by areas of sparse cultivation or else

by undeveloped, sometimes barren, tracts of land.
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_Approximately 31 million treesy distributed over an area
efE;BO;OOO hectares, in mixed ox specialised orchards plus
th&éé'séattered stands; are grown in the region at the present
tigék The majority (61% in 1944) are cultivated in the coast-
al bélt“from'ﬂﬁara to Misurata; with important_nuelei'at_Zavia,
Sabratha and Tripoli, the Central and Easternviéfara; the
plains of Msellata; Tarhuna, Gariah'and the Westerﬁ ngeli
Thus the map of the olive's distribution coincides for the
most part with that of rainfall, the ares enclosed by the.
200mm's isohyet; and major centres of rural settlement. Since
the olive is predominantly a dryland crop this is a netural
relationship. Although (Fig. 19s&) 1é cnly an approximation,
and the area of cultivated.land is not xnown; the déngity of
olivé plantings noticeably increase in the best reinfall
areés.ﬂviza Tripoli 368mm's,; Cussabat 320mm's, Garién 340mnt s,

In contrast where settliement is sparse; water supply

poor, and rainfall below 200mm's, there is generally a
diminmition or corplete lack of olive cultivation. -f0£ course
mach of the Western Jefara and semi#deﬁért area remsins suba
marginal for sedentary agriculture. The areas of Sebkha and
shifting dune are likewise negative areas for the olives
Eveﬁ within the best rainfsll areas there are some ancmalies
in thé distribution of the olive. The oasis of Misurata
compares favourably with that of Zliten as regards mean rain-
fall yet olive cultivation is much less predominent. In the

% Includes 8ll trees; productive, immature, demaged wild.
(Agrice Dept. 0fficial Estimate).
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former area compact'and:thin_sbils.eombined with the salinity
cf:therwater éupplyqaceount for this anomaly..

. On. the other hand, in the steppe areas of Azizia and
Crispi, whére rainfall is no more favourable than at Homs,
thé:olive is abundanily distributed. owing to. the: excelient
water supply which has:encouraged lemd settlémentw . -Large
gaps appear. . in the.plain areas of the Eastern Jefara.dn&
Parhuna where Tainfall is above the. critical level. . These
can only: be explained by the traditional pastoral economies
of the areas. . . Therefore, the distribution of the olive is
a function not only of rainfall but also groundwater,
economic. system and morphology. |

. - Areas of densest distribution are not always those in
which the olive predominates amongst tree crops. Along the
¢oast. the olive.invariably takes seeond place.to the date
pelm and citrus fruit. . For example, in the districts of
Tripoli and Suk El Giuma olives comprise only 9.3% of the
total tree crops. = At Zavia the percentage rises to 10.8.
Even in the low rainfall areas of the coast the olive forms.
only a relatively smell proportion. of total tree crops -
8:2% at Zuara and 6.0% at Misurata: (Fig. 19}.

On the Jebel, however, the olive is 'thel- tree par

excellence.
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- In addition there exists a nucleus of some economic
1mportance enclosed in the depth of the Wad;Beni Ulid
constituted by some 13,000 trees of which about 11, OOO are
bearing (Plates XXIIIa :b)s This nucléus has & particular
impor@anee,s;ncg 1t.demonstrates-préctiqally the ease of . .
adaptation é{ tgishéﬁlture in a region situated on the e€xtreme -
limits-of agricultural possibility. It is also proof of thé '
éfficacy of ¢ompensating elements in the environsents At
théiéame time the groves remain as evidence of a former local=
isation ef'the-cﬁltqre@ where only archideclogical traces of
an ancient floridescence exist today. The olives a£ Beni
viid_fbrm one of the largest and most southern aggregetes of
thgjdultnrey-existiﬁg in the Mediterranéan. Their existence
depends essentially on the flooding 6f the wadi (generally
every 3-4 years) and the receipt of an enormous quantity of
water and alluvium whieh is trapped by stone walls and barrages
traversing the wadi bed. Something of an analogy is found
~at Nalut on the éxt?epe west of the Jebel Nefousa where raine-
£a1%.is practically insufficient for the olive, although the
altitude.constitutes-é élimatic corrective of some impodtance:
Here, there is a compromise between dryland fasiing and
irrigation; in the sense that the moisture factor is enhanced -
by the particular method of erecting large soil barriers
surrounding the foot of each tree. Thus the tree; which is

gituated in the centre of this wnpluvium, benefits from
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moisture over an é‘r‘e'a ‘of 100-300m°. "~ This wide distribution
of the oliveé is in the first plaee due to the nhysiological
adaptab:lity of the tree to a variety of rainfall, soil and
topographic condltlons.' Secondly to the economic system and
stablllty of” settlement. ' |
' 'fhé demands of the tree are small. '1t.grows well on

limestone soil of'moderete fertility, suffers from cold winds
and frosts; and fleurishes in reglons with relatlvely mild,
m01st winters and hot dry summera. _

Whereas in the No¥thern Mediterrenean lands tﬁeihatural
limits of the olive are defined by low winter tempefetures,
as for example, in Greeceg where the limits of the culture
coincide with the - 8% minimun isothern>®) in the Southern
Mediterranean countries; the limiting factor is summer aridity.

‘Phus, the natural limits of the clive; under dry farhing,
mark the definite.iransition from those areas typically '
lMediterranean to others decisively Saharan. Usually this
limit is taken as the 200 mm's isohyet, though, as we have seen
this boundary is veéry arbitrary. Beyond this limit, however; |
‘only the assurance ef_irrigation from surface or underground "
water cen meintain the tree's growth and productivity. The
50p£hern slopes of the Jebel and the steppe zone behind Zliten
and Misurata, as'yet. utilised extensively, are by no means
wnsuitable for the olive. Whilst the Daha:'sifes are eXboeed
to't@e'seutheriy Windethealight Hamra soils et the heads of

southern thalwege, especially, compensate forthe marginality
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of rainfall. The cang\tgtumn of cisterns and tanks would
facilitate the extension of arboriculture but only by the.
cb§$truction of wells and the stabilisation of the population
could any long term achie’véments be gained. Behind Zliten
the middle wadi basins are well protected and offer more |
_:attfactiva sites for the extension of arboriculture.
sl The altitudinal limits for the olive are generslly much
highérvin North Africa than the Europema countries by virtue
of; the fact that gn increase in altitude, depending on proxim-
ity and brienta%i§ﬁ5ﬁb‘theﬁéea, compensates for the greater
aridity. In Europe the greatest altitude reached is 1,000
metres on the Sierra Nevada in Spain, but most of the groves
are found below 500 metres. Olives spresd up to 1;500 metres
in Africa, and in Tripolitenia the highest levels at which
olives are growvn is about 800 metres c39)(GAF TIGRINNA = 837 .
netres).

Most of the trees are found below 300 metres, on the well
aerated hillsides and plains' of Meellata, and the lowland
plains of the Jefara and Misuratino. Prom the pointof view 1.
of natural 0il quality the most favourable locations are the
protected hillesides and plains of the Jebel where the lower
buamidity prevents the development of harmful insects and
di;aaseéL'- These sites are also less exposed 1o the enervating
Ghibli whose progress over the interior of the Jefara and the

Misurata is unhindered.

Productive Cycles of the Tree

. ‘The biological cycle of the olive consists of four phasess
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(1) unproductive; (ii) productive,. (iii) maturity,(iv) decline.

' The length 6f;the'ﬁhasesfand:raﬁidiﬁy of change have
obvious economic consequences to themféfmér end ultimately
nafionai-productiona . A long unproductive phase inevitably'
préﬁuées g strain on capital resources whilst production can
only be maintained by an equilibrium being éstablished between
the number of potentially bearing trees and those going out
of prddﬁctions

At the iatést gensus .1 i - 0 . vy 0f tree. crops-
in 1957, 66% of olive trees wexre in preductionkcdmpareduto
50% in 1955. Whilst the gap betwéen productive and total
trees is stila.wiag_an&=énhances further production, this is
likely to come £rcam the Italian section of the farming
communi‘ty, who own 66% of all the trees. - The majérity 0f
Libyan owned trées were. in full preduction (72%) but the
productive Italian trees Pormed only 33% of the total (rlg.18b).'

Throughout the year the olive has fogr-prlncipal phases

of vegetative growth. (1) Rest in winter, (ii) Buddiné and
flowering - end of winter,' beginning of spring, (iii) Develop-
ment of fruit during summer, (iv) Metwstion’ of the fruit at
.ftﬁéiéna of autiim = béginning of wintér.

" In Northern Tripolitania the olivéﬁu§u511y~flbwers,1n
March; fruifs in April and matures in October;' This cycle .
'ié;géheraiiy’a'month later on the Jebel than the coaét because
the onset of ‘summer is retarded.

" The '¢live grows well in & thermic regime in which
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ealcrific-factor$~gradually augment from spring to summer,
diminishing in autumn. In Northern Tripolitanie, especially
on the coast end Jefara the useful period of development is
proionged whilst in more northerly latitudes this perioﬁ |
diminishes because of low winter temperatures. In conseéquence
the dimensions of the tree decreases and the capacity for
using soil and water resources is lower. On the other hand
the cycle of fructification is more brief. In Tripolitania
the high summer temperatures and summer drought prolong the
development of the fruit, Since the tree lacks a pronounced
rest in &inter, except in the higher surfaceSjofthe'Jebél. it
becomes particularly susceptible to the vagéries of rainfall
and sustained drought.

In e particular way the olive is exposed to brusque
changes in temperature which can cause the greater expansion
in the movement of cellular liquid. This results in a higher
transpiratiorn and concentration of sugar and this can profound-
ly alter the equilibrium of the plant. V¥hen the reénge of
temperatures reaches an extreme character, &s in the desert
oases, the plant continues to live but cannot yield a crop of
fruit.

. Temperature equivalents for the olive are difficult to
establish because of the intervention of such factors as
relative humidity, winds, soil moisture and the quration of
temperatures. It is generally held that the plant suffers

if maximum temperatures exceed 36-380c or fall below <7 or -ég%'
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But gaximum temperatures for the_élive would éppear to be
“high. The olive groves of Beni ﬁlid have already been

cited i Y Here maximum temperatures of 50% are
normé;. Another outstanding example, typical of the olive's
resistance tc high temperatures is offered by the plantations
in the Jefsara at Aéizia; During summer maximum temperatures
oscillafe around §O°c and in 1932 an extreme temperature of

56 % was recorded.

Briccoli(4a?states quite categorically, however, that.
where average tgﬁperatures exceed 529c and 369e duriné the
months éf flowering and fruit development them the tree's
physiolqéical,balance.can be disturbed. Thrgughout.mosﬁ.
of the olive growing areas in Northern Tripolitsnie these
temperatures are rarely exceeded except when a GHIBLI blows,
Thé cqnseguences.of this wind have already bVeen discussed in
some detail (5. pa In the coastal areas the olives are
sheltered from its full effects by the density of the tree
crops but in the level steppe areas where the density of plant-
ing is lower, unless measures are taken in the form of wind

breaks, the effects are deleteriouse.

( ivia_39;

-
7,

-;IF the opinion_of Caruso n.2%% /the lowest temperature
in winter, in order not to produce serious démage tc the tree,
should not fall below =7 or -8% and not to be prolonged for
nore than 8 days.

%hilst minimum temperatures are rarely s¢ low or

prolonged, in thé growing areas;. so. as to ¢ause the mortality
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of the tree, the upper velleys infthé Céntral Jebel and hill
floor areas obviously suffer from-diurnallchangés in tempera-~
ture.{“ Young -trees are especially vulnerabdble. ~ During the
harvesf, which may extend from: Cctober to Februsry, temperafﬁres_
below freezing. point are dangerous,té the: fruits; +the pulp
loses its netural colour and oil content is lowered. If only
for this rezson it would be advisabie, especiglly in the-Jebel-
for harvesis to be completed before the lowest winter tempera-
tures in December and Januery are experienced.

Fundamental amongst the climatic factors;@hich condition
the culture of the olive is rainfall, the most variable and .
precocious of climatic elements-in this region.

The rainfall most suitable for the o;ive rarely surpasses
l,OOOﬁm’s in the Mediterranean basin: mere often it oscillstes
between 3-600mm93~in-the western climaticlsectcr (Spanish
coast); 4-800mm's in Morocco and Algeria; beiween 6-900mm's
on the French and Italian olive growing areas; and between
2-500mn's in Tunisia and Iibyalibid 40). |
On the basis of annual rainfall in relation to olive erop
expectation, -the following results were.oftained.(Fig.ZO}

Table 2831 |
TABLE 28.77

YIELDS OF DRY FARMED MATURE TREES ACCORDING TO RAINFALL

Over 300mm‘'s Good crop ms_kgg;_per blaﬁf
" 250 " Fair. crop ' 25—50 kgs_, per plant )
150 « 200 mm's Poor crop 25 " " ir

150 mn's No crop - N -
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:ﬁﬁch;thefsamg results were obtained by & gtuﬁy.QOne:;n
Tunisia (Table -29) 7 for mature and healthy 6lives grown upder

optimum sSoil conditions..

TABLE ... 20. .

' 0live o0il yield ~ Anmual rainfall/or ' 041 prod.((Kgs.

- irrigation = . - per. ba.)
Irrigated lands®™ @ 800 mm's ‘1 . v . 1,200,
¥. Tunisia . 600«400 mn's .., 800=-400
Sfak 200 m's | 300

If average rainfall conditions;prevailyoniy a small
proportion of the total olive growing area produces a good
erép»(Figaéﬁﬁ): . Three centres of production.stand out, Zavia -
Tripoli. - Susni Ben Aden, Msellata and Garien.

| The relationship between labour costs:and:requiremgnts
has been worked out by Morgentini (ibid,1€» From the lst - 6th
‘yeéar after planting, animal and men days labour are low.
-After establishment the tree. requires little maintenance uptil
4the Tth: years . But after the 14tk year, when it is assumed.
that the tree has rgaehed an economic bearing stege, man labour
fay requirements incfease rapidly, as a'result of the high
1aboux éemands at harvest. times. Therefore the tree becomes
increéasingly lghouz intensive during pericd of full produetioﬁ
although the labour units required for the perennial tasks of
cultivation remain relatively stable. .

One cannot estimete aQCurately the ages at which a tree

passes thrdugh;these produptive phases since even old trees

# Under irrigation oil yiéid is increase&-regafdless of olive
CIrop.
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'ﬁyieldlng littie, cah be reconstituted by prunlng and '
Pertilisation. Especlally unéertain are the perlods when
'thé-olive“ﬁegins to produce-fully and when it declines since
"they dre influenced by ‘cultural teciniques; the suitsbility
 of s1t= ‘and “the care in cultivation. . However some'comparative

(1b1d 39)
_ Aceording to Morettini in central Italy

data ex1sts
'this'cycle for dryland olives is dlv1ded into:=-

(a3 1-12 years unproductive. - |

(b) 12-50 years increased production.

(c) 50-150-200 years maturity: '

(a) 150-200 years declining production.

Thus the production of the olives grows until the 50th
year, then remgxns stationary between 150 and 200 years, and
finally declines with the ageing of the tree.

In comparison to the almond and eltrus fruit treea whlch
?only yield for & period of 20 years the olive has an intrinsic
qdvantage._ 4 rough ind;eation of the yields of oilvea to be
expected during the productivg.phaée is given by data-cbfained
from observations made at Sfag in Tunisia.. Rainfall (200mn‘s)

and soil conditions are very similar to those found on the

.JEfarg,p
ZABIE 30..
'Averageﬂ BHurng fr6m~01iveutrees”at:sgai 1898-99.
10th year 40 1itres.olives
15th 3 70 " o
20th " 100 ™ e

25th . ® 120 ® -
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‘The productive éﬁéses.of_;gcal olive varieties was
estimated by Morettini in 1914 to be as followss~

ldt fruit - 3~4<5 years after- plantlng.

Full fruits - 10 years w

Up to 60th year full production.

Deeclining production 60«100 years.

It would appéaf that'the olive derives somelbenéfit :Ii"‘:r.-'am‘E
the thermic regime of Tripolltania 51nce it enters into full
productlon at an earlier age than Central Italy.. The
productive period is also longgr@ Many of the olives found
today in the Jebel are reputed to have been planted by the
Romans.: This in itself ds testimony of the faﬁourable
conditions for the olive. | Under irrigation of course the
tree can begin economic production as early as the 7th or 8th
year after planting. |

_ Rainfall is ‘best distributed with the greater part during
the period of development of the fruit and diminishing towards
the end of fructification. Briccoli(41) has established
certain rainfall equivalents forthe olive. His computation
is based on the vegetative periods of the olive amd equivalent
Mefeorclogical elements. In his opinion it gives an idea of
the metgdrOlcgical values corresponding to the empirical
phenomena defined by the terms, drought, humidity, excessive
cold and excessive heat. |
(1) From February - April the lack of moiéture comes to be
felt if precipitation falls below 60 mm's for the 3 months.

~ Briccoli determined an optimum value of from 90-120 mm's.
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(2) Hay - June. DProught pheriomens is experienced when rain-
fall is below 15 mm;s; monthly.
(3) July - August are the critical months for the olive when
rainfall is hégligible°
(4) Septémber =~ October. Two phases'can be distinguished =- .
waiting and recovery. In the period of weiting 30mm's raih
is the ninimum and 50 mm*s is the peried of recovery. |

Thg period of rainfall deficiency is well ﬁarked in

' Q:ipoliéania and extends from March to October. Since the

éainfall'season is later on the steppe and Jebel (p. 7 the
impact.of drought conditions during spring is néﬁ no:maliy

so greaf as on the coast. The olive appears to'bé well
adapted t0 winds and dreught - the leaves are small and
leathery and have a.comparatively thick cuticle on the upper
surface that tends to restrict the loss of moisture. On the
under surface the leaves are protected by a maés of peltate
hairs, and are apparently.uniﬁjured by long periode of hot -
weather and dry soil conditions. .But under drought conditions
in the critical spring period of growth the subsequent crop
can be seriously impaired. If the drought is prolonged the
trees may be damaged. W¥hilet the conditions of drought
cannot be controll%& they can Be alleviéted by the choice of
soils with high infiltration rates and storage capacities,
and frequent cultivations of the soil; =8l1so by the siting of
trees where irrigaﬁion from surface or underground water cén

be applied.
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Thé héavy raing in November and Técember, the months of
high pf%gipitation in Tripclitania, tend to lower the oil -
yield and £ill the fruit with water. Out of season winter
rairs can cause premature blossoming and falling of the fruit
before it reaches maturity.

_ The incfeased_olive planting cerried out by the Italiansg
has failed to eliminate the charscteristic Bnpuai fluctuations
in the productior of olives. (Compare Figs. 23 and é&);
During the 30 years 1928/9 - 1956/7 annual,productién]only'
exceeded the mean on 10 occasions. Generally é‘éood crop is
succeeded by & poor year and occasionally a succéasibn_of
poor years. The variability in the olive érop is a well
marked feature in all MNediterranean countries especially in
the areas where olives are a dryland crop and thus exposed to
a highly varisble rainfall both in time and space. About 77%
of the total area devoted to olives i§idry farmed (140,000
hectares).(ﬁg)

It is generally agreed that the ceuses of slternating .
production are manifold being a function of the intrinsic .
physiological end biologiczl character of the tree in relation
to the external factors of the environment under which the
tree is cultivated - climatic, edaphic and biotie.(ibid~3g)
In a high féihfall &ear the production of & good crop,seéms
tc exhaust the reserves of the tree. The failure of the
flowers to grow is normally attributed. to deficient rainfall

or-interspersed winds, whilst drought summers &and parasite
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Production of Olives and 041:1927-28 %o . 1957=58 in relation

Year Erods Ollves Prod;i
Metrie Tons @etrn

1927-28 84000 . 900 202 16 11.25
1928=29 8,000 1,000 85:7 16 12.5
1929=30 35,000 3,000 27543 70 3745
1930-31 4,000 500 29841 8 6.25
1931-32 25,000 2,500 3597 50 31425
19%2-33 25;000 800 589.1 46 "10
. 1933=34 8,333(Es%) 1,500 32543 16:6  18.75
1934+35 14, OOG(Est) 2,800 404 .0 28 " %5
193536 4,500(Est) 900 182.,8 9 - 11425
1936=37 11 500 . 25300 276.9 23 28:75
1937-38 250 - 468.3 > -
1938=39 19,700 2,700 47943 39.4 33
1939-40 5,000 800 207.3 10 10
1940-41 9,000 1,600 3574 18 33475
1941+42 12,000 1,800 235.3 24 . 22.50
1942~43 25,000 %400 265:1 50 42:5
-1943=44 10,000 1,200 594:6 20 15
1944-45 20,000 34300 368.4 40 41.2%
1945-46 . 13,000 1,800 430.2 26 22.50
1946+47 5500 616 3767 11 TeT
1947<48 6,500 9%6 141.6 13 11.7
1948=49 16,000 1;500 511.8 20 18,75
1949=50 50,000 8,000 400;1 100 100
1950-51 40,000 Ts 000 273.7 80 87.5
195152 30,000 5,000 314.9 60 62.5
1952<53 5,000 1,000 260.7 10 125
1953554 40,000 6,500 379.1 80 81.25
1954=55.. 10,000 1,800 402.2 20 22.5
1955-56 11,000 24500 263.2 22 31.25
195657 10,000 2, 2000 - 355.8 20 25
Average 14,340 2,288.4
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Table '52.

-Production. of Olr_lve 01l by Provinces

: Year Tripoli ~Western Eastern Central Total
1944 80 740 1,000 180 2,000
1945 600 700 500 200 2,000
1946 300 150 200 42.4. 692

Iripoli & Western
1947 8ll 125 - 936
1950 3,000 4,000 700 7,700
300 500 200

‘1952

1,000
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attacks cause the fall of the fruit: '

It is rare also that the same conditions prevail in the
same year throughout Tripolitania. The contrast between good
an@ bad years -throughout Tripolitania is seeh_in years 1947/8 -
1949/50., Severe drought occurs when rainfall at Tripolitania
is only l4l.6mm's. This ﬁisturbed the production of the
following year even though rainfall was high. But in 1949-50 -
with high rainfall production was exceptional (Table 3ﬂ).
Although p:o&uetlon in the west coast and Jefara is relatively
constant, a good rainfall year brings high yield from olives
in Jebel and east coast (Table 325;

It 18 not easy to eliminate this phenomena, which of
course has repercussions on the stébility of the whole oil
1ﬁdustrya By increased plantings or the reduction of the dry
cultivated olives and the increased attention to the tree this
can be ameliorated.

Climaetic conditions noticeably influence the chemical
content and commercial suitability of oil in the olive.
Although this can be modified by the selection of appropriate

: iarieties, and by rational cultural and harvesting operations.

The oils of the southern Mediterranean regions are generally
more fatty, more rich in solid glucerides whilst in the colder
northern areés are less greasy and more rich in liquid
&lucerides. Ags a result the oil of the southern Mediterr-
anean countries requires considerable demargarinisation before

it becomes acceptable to consumers in the Northern
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:Méditerrénéan who are not accustdmed to thiS“type of oll.

The damage caused to the trees by sﬁch'phenomeﬁa as-
frost, hail, mist, diseases and insect pests influence
ultimately crop production. The effects are not easy to-

measure accurately. On the basis of random samples a rough

.;estimgte of trees injured, on an average, each year have been

made by the Department of Agriculture in Tripolitania.

© TABLE 33,

'Iﬁjury to olive trees caused by climate, pests, diseases.

 Climatic dgmage Region
Frost : Jebel, 10% each year. :
Hail Rare in all areas, 2% each year.
Mist In all regions 15% each year.

Diseases: Fungi Nil

Bacteria) . Central and Western Jebel)
) 10% each year
| Virue ) and Tripoli zone )
Insects: Fuphyllura Olliuina, everywhere 50% every 5 yeers.
Dacus oleae - Under irrigation 20% esch year

Coast 5% © "
Jebel 1 © "

Rodents Everywhere 15 0

The damage caused to the trees by climatic phenomena is
not congiderable and affects mainly the young non-bearing
trees. Tbe development of. diseases and parasites is depend-

ant pximarily on climatic conditions(44) but also on the

“gﬁltural conditiong; some varieties are particularly subjected
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. to attacks of cancer. The absence of cere in cultivation

s et

and pruning also.favqﬁ;s the development of these diseases.

The care of_ﬁhe trees and pruning tends to decrease in isolated
areas and génerally amongst Libyan farmers. Even in some of
phe besf agricultural areas of the coast there is meglect.
In:the Zavia area of TO0 selected Libyan farms only 22 asserted
that they pruned their trees and then only every 3-4 years.
Bushy plants are particularly susceptible tothe attack of |

'Psilla; cochineal and cancer, becguse of having trapped excess

humidity in their crown. ©Physiological deficienciés fesult '
from a lack of cafe, non adaptable varieties or rainfall |
deficiency.

The .dryland cultivation of the olive is siwst perfect
where the mean rainfall is 200-300 mm's and the major factor
in the failure of-the olive to blossom is one of nutritional
deficiency. '

The most dangerous ;nsect in Northern Tripclitania
affecting the olive is the Dacus Oleme, which attacks the
fruit and c¢auses it to fall prematurely. It was widely known
in- the Mediterranean in antiquity, as Pliny mentions it in his

writings. Depending on the region and the year it may

destroy the total harvest. It also diminishes the gqueantity
and'quality of 0il extract. The olive fly is & species which
develops when climetic conditions permit. Usually in regions
with cold winters the larva hibernates in the ground. This
1é.ph¢ case in the Jebel and semi=-desert, but the mild winter

ahd high hunidity in the coastal area permits the rapid
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development of the £ly; it is generslly hatched in Maieh-
and spreads through the orc‘h‘ards from May to July. - In the
eoastal belt- there are usually two perleds of £light; '
February'- June, and: August - December. Winter born' flies -
gare:less importent because of the summer heat and drought.
mhe'oz_lset'df the Chibli also effectively combats their
activit&'during'theee'periods. ‘Because of climatié conditions
and density of ¢ rops. the fly is endeémic on the coast hut can
rarely malntain itself for several succesbive Seéebns in the -
steppe or Jebel. (Fig. 21). - o -

- Measures to protect the tree involve the appllcatlon of
DDT to~ the trees but the scattered distribution of the culture;
the lack of knowledge and inspection amongst Libyan farmers
prevent any systematic campaign being.barried 6ut4' " Teking
once more the evidence obtained in the Zavia area of 70 Libyan
farmers Oniy 1 farmer reported the control of insects and plant
diseases. Of 70 Italian farmers 20 replied in theé affirmative.
Olive treehvar;eties;

The essential problem of the most suitable olive
varieties to be grown in Northern Tripolitania is still
under discussion and investigation. The length of time,it
takes an olive to come into production is a great handicap
in experimental work. HMoreover until recently there was
iittle control placed upon.methods of reconstituting and
rlanting orchards. In fact the choice generally lay with
#thé individual farmer and his assessment of the quality of the
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diverse varietiea. .0f great 1mportance 1s +the suitability

-

of introduced Itallan varietles wder . uhe prevalllng eco-
'loglcal .conditions 1n Northern Tr1p011t;nia. . It seems.
-evident«that many of them are unsuited to dryland. cropping.
. The olive varieties may be classified according to
origins
(1) -
'T'Ofithese the most important are Enduri, Gargasci,
Zabbugi, Krusi and Chemkli. (Plate XXI¥). These are dominant
in ‘the traditional Libyan gardens. They have g small fruit,

'al.varieties,

T
u.

aré*late maturing and apparently very productive. BRasli is
the pievailing_yariety in the Eastern Jebel; 1t gives a mediunm
sized fruit and is late maturing. Some of thée Zarrasi variety
is found in all Iibyan gardens but yields best results and a
medium sized fruit in the Eastern Jebél. . Rughiani is common
to the Tripoli District and Zavia area.
—(Ziw,Varietieéwintro&uced.from_Tunisia,
... .Since 19267 when Italien farmeps brought Chemlali
cuf%ings,from Sfax this variety has become increasingly
popular and utilised meinly to graft‘unpfoduptive trees.
Not umnaturally it is most widely diffused. in the west coastal
zone where culturasl contacts with Tunisia have been strong
(Plate XXV).

The Italian varieties were imported during the Italian
administratlon; they -éomprise FPrantoio; moraiolo and Leccino-

from Tuscany, Plangente and Coratima from: Apuglia and Sicily.

(Plote XYXVYTIQ % XXVv1Db) o
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Frantoio and Coratine are most common in the coastal belt but
thehf;rmer has been so successfully adapted'to conditioms in
the Jebel arcund Parhune that farmers muliiply it themselves.

'In addition to these cultivated am unknown number of
wild trees are scattered over the Jebél:  Very little use is
made ‘of these trees except for firewood &s they yield a small
Pruit with little pulps _

In commercisl olive cultivation the main' emphasis is -
placeéd on economic returns of thé'variéty-whichtdepend’th'
three factors;

(lg Quantity and quality of the production.

(2) 0il yield of olives.

(3) Organié¢ qualities of the extracted oil.
| - As well, the sizé of the drupe and the relativeé ease with-
whichjit ¢an be detached from the peduncle must be considered.

_ Of the 2<% million olive trees' planted by Italians

Marreni(45?'estimates half should be grafted. He regaids
the questian of variety one of the mosi decisive faeton;of

econonic ylelds.

TABLE 34ii:1
Variety 0Oil Weight or size Yield Resistance Product—
of one fruit % by to flyy ivity
weight
Enduri 1-1:5 grm's 18=25 5 5
' Rasli l1-2.6 " 20=-25 4 4
Rughiani =52 " 15-20 3. 2
Frantoio 292.5 " 20-28 2 2
Chemlali (Sfax) 1-5.2 . 18-25. 4 . 4

'-5-very hlgh. 4—high, 3-med1um, 2-poor. l—very poor. .
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Zable 35
Variety Region Syst.of Age % o0il extracted, by
: cult. Tree weight
Italian Varieties
Frantoio Tarhuna(J) Dry cult. ? D 24.56 - 1956-7

" Coast(C) " n " D21.3 - 1957-8

" Azizia(S) " " " D 25.65 - "nn

" Suk es Sebt(S) " " 10 D 21.98 - 1937

" El Maie (coast) » 9 D 23.34 -

" COIIina Verde(C) Irrig. 9 I124.23 - "
G.Garribvulli Semi Irrig.9 I 29.10 - ®
Coratina A21z1a(S) Irrig. 2 I 15.67 - 1956-7.
.» Saiad (Coast) Dry cult. ® D 19.90 - 1957-8

" Azizia (S) " " ®» D26.72 -« " ®

" Collina Verde(C) Irrig. 9 I 22.62 - 1937
Piangente Azizia (S) n ? D 19.82 = 1956=T

" " Dry culto ? D 10.24 - 1957-8

" Saiad (Coast) w n ® D 24.30 - "

n Suk es Sebt " " 10 D 17.50 = 1937

B El Maia(Coast) " w 10 D 20.4% - %
Moraiolo Azizia Irrig. ? I 7.77 - 1956=-7

n Parhuna Dry cult. ® D %0.8, - ® "®

n Azizia " " ® D 20.56 -« 1957=-8

n Saiad(Coast) " " " D20.80 - " ®

n El Majia " n " 10 D 24.73 - 1937

" Collina Verde Irrig. 9 I129.,0. =« ®
Leccino Tarhuna Dry cult. ? D 23.16 - 1956-7

" Azizia " " " D 19.28 - 1957-8

: Saiad(Coaet) : : " Dl6.26 - " "

" %uﬁli?laa p_mlrz Trrig 1% % 22:.6-.'(7)% : 1927

Local Varieties
Enduri Tarhuna Dry cult. ? D 27.29 - 1957-8
" S5idi Mesri " » 29 D 16.56 -~ 1937
Rasgli Tarhuna w " ? D 24.82 -« 1956-7
" Azizgip " " ® D 19.86 - 1957=-8
" Cussabat " " " D28.46 -~ " "
n Sidi Mesri " " 29 D 19.85 - 1937
" Cussabat " n - D 13.19 =~
Zarresi " " " = D 22.79 = 1956-7

" Tarhuna n " - D 32,91 - "

" Cussabat " " - D 3%0.25 - 1957-8

" " n " - D 23.55 - 1937
Krusi 5idi Mesri " " = D 19.79 - 1956-7

" Guassem " " - D 19.49 - 1957-8

" Garian n " = D27.84 - " "
Gargasci Cussebat " n « D 29.40 - 1956-=7
" ] " 1] P D 28.90 - 1957_8
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Italian varietles are, on:the whole, largexr and esasier
to pick. They compare favourably with the local varieties. ...
aéqregards'yield-in 0il but their resistance to the:DACU3
OILEAE and productivity is considerably lower. Whilst the
Chemlali=£rom Sfax is only & medium sized fruit it contains
a{relatively-high:yield-of 0il and is highly resistant to
ingect attack. |

L

Table 3%

Although the data is admittedly very inadequate; in dura-
. tion .of éxperimental results, and is dependent on several
varieties certain useful facts emerge.

Thé highest yields in oil are obtained in the Bastern
&ebel:ﬁith local varieties (Rasli) Most Italian varieties
seem adapted to conditions in the Eastern Jebel and yield well
uhder dry :cultivation. Local vafieties yield less well in
the steppe and coastal areass However, Frantoio undex
irrigation; ylelde exceptionally well at the coast.

In general local varieties are more adapted to climatic'
conditions and produce more regularly but the size of drupe.
is small and adds to the difficulty of harvesting. = They
encourage the malpractice of beating the tree at ha;vest-timea

‘The Prantofic variety constitutes something like 60% of
the .plantations in the Jefara and coast but seems to require
irrigation to be truly successful.

In terms of o0il quality  the Itelien varietiesnhave a
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lower value of solid fatty mcids, whilst the higher values
. for Enduri anﬂ Rughiani makes them less adaptable from a
eommeidial point of view. , o

Another aspect of the differing importance of varieties
is that recent research has shown the existence offallogamons
(which cannot fructify without the pollen from other varieties),
and autogamons (which are self fecundateé)‘@lthoggh.théy may
benefit from cross fecundation.,

On the authority of S. Bresciani (Dept. Agric.-Cyrenaiea)
the fbllowing,table was compiled:-.

Variety Self fertile F Suitable (Prantoio t

" " sterile S pollinator. (Pendoline p

, (Moraiolo m
Frantoio P , (x-any of
Coxrregiolo S + varieties quoted
Leccino S ntp .
Moraiolo S ntp
Piangente: S. . t
Coratina P
Chemlali P

Re jons .of olive cultivation

Since annual rainfall is highly variable in quantity and
‘distribution it would be &an oversimplification to define the
olive cultivation regions by means of isohyets. HMoreover
the effectivéeness of rainfall is influenced by topography,
soils and evaporation; - Therefore; in an attempt to-obtain
a more accurate definition of the climatic exigencies of the

olive it is proposed to ‘subdivide* the region according to the
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iﬂténgity of existing olive éﬁlfivation-and-the poténtialitiés
of plénting areas for the growth and fructification of the
'treea“-Vﬂhusi:such factors as number of trees, dénsity of
plantation, health of trees; type of cultivaetion (mixed or
spéeialised cultivation) end yields are relevant to the
exposition. But, it is impossible in meny areas to. treat
the ‘analysis statistically. The statistics department of
Pripolitania 18 in its infancy and has to conténd with such
problémg-és-aﬂ unresponsive rurgl population, .confused land
rights and approximate administrative boundaries. In
.consequence much reliance has had to be placed on personsl
_'obsérvation and on the spot enquiry, in an attempt to supple-
ment‘énd biing up;to date the existing-literatu;e thch
remains unco-ordinated and somatimes inaccurate.
Owing to the vast size of the territory and the lack of
'/good ggédndary roads several areas-werg-traversed-only
superficially by the suthor. These included the Westerm
Jéfara, interior paris of the Bastern Jefara, and the steppe
zone of Misuratino. Vith these exceptions most of the olive
growing'area was inspected. Traverses were made the whole
length of ‘the coastal plain, from the Tunisian border to
Giodaﬁ.acrbss the Jefare from Tripoli,; through Azizia and .
Gari;n to Beni Ulid, and aleng the northern edge of the .Jebel
from Homs to Nalut and south to Ghadames. It is significant
to note that Libyan farmers in the Homs -~ Misurata zone and

Garien were less hospitable and reluctant to impart
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informat1on then those of Cussabat and the western coastal
plain. Broc(23) found the same at Cussabat and he says
Tithe inhabitants are very pleasant and if is eurpfieing-tq
notice their evolution and. agrlcultural knowledge. - They
only wish to learn and are very keen.' Italian occupat;on
and a Berber heritage WGuid appear to be responsible for the
reticence of the people in the former sreas. |

Coastal Belt (Pig. 22 ‘

The coastal plain is homogenous from the point of view
of c¢limate which approaches most closely the Hediterranean
type of climate; the optimum environment for the olive.

_ But the distribution of olive cultivatzon, altheugh the most
continuous in the region, is netably irregular. Rainfall is
génerally adequate although it approaches the limit of 200mm® s
for.dryiand cropping on the eeetern end western extremities.
Minimum and maximum temperatures are rarely so high or low as
to produce a'strain on the vegetative growth of thé olive
except in times of Ghibli. Farmers in the coastal plainl
attributed the long unproductive period of their trees o
salty maritime winds (Farm Sample8l But the effect of the
winds only extends a few kilometres inland. Rarely are
Rolives plented.near the shore even though soil conditibﬁs
are favourable. Usually the cultivableé lands are devoted

to salt tolerant palms or herbaceous crops.

The low lying nature of the land, combined with the high
humidity and density of crops; especially in the Pripoli-
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Zavia-stretch noticeably affects the heslth of the olive..

As we. have :seen the f£1ly DACUS OLEAE is endemic to this area.
' Topographically thé region presents. few problems for
the 6live, except where the encroachment of sand dunes is
extensive. The saline»expanseé also' limit the area suitable
for cultivétionw' Where, however, these harmfuliséltShare
leached by irrigation orﬁseasonal“fainfall,:the tree is not

seriously affected.

The otherwise favourable soil and climatic conditions
are enhanced by the presence of underground agquifers;

- superficial ahd artesien but the best quality‘oil and .crop -
yields are generally obtained-in'tﬁe high.rainfall zones
(Fig: 20), Thus in the.marginal rainfall areas available
irrigation water is commonly reserved for the herbaceous
crope and palms even though the olive requires little water.
and'has,a relatively high degree of tolerance to harmful
elkalis:

h The olive is cultivated ubiquitously in the east and
west coastal plains by both Italien and Libyans. Tree
densities per hectare of cultivéted land range from more than
50 in the Itelian plantations to less than .20 in many of the .
Iibyean gardens. Nevertheless these densities are generally
higher than elsewhere in the territory and in many cases'are
well ébove the average for the country. This average is
ghbut'?@ trees per hectare fOrﬁgféves:of pure stand end only

20 trees per hectare for thosé%in mixed stands. In 1944
$he east and west coastal plain accounted for 19% and 42%
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respeéctively of the 3,381,000 tpeeswexisting in Northern.
Tripolitania. . Throughout the coastal plain, with the
exceptian-éf the osses of Tripoli and Zuara; clives come
second orly o palms in total number. of tree crops cultivated
(Pig. 19)[ BEZ this pwoportion varies between Italian and.
iibyan.farms.:; On -the latter the olive, except in local
iﬁstances. is the basie¢ crop especially where irrigation is
limited.

- By far the greatest number of trees are still owmed by
Italians. In 1937 (the latest available information .on
Italian.CGneession)'thei: olive-plantings_numbered.15029.422
trees. This total amounted‘to 55% of the total trees on
Iﬁalian concession . in the west cdast plain from Gasr Chiar
.to:Zuara and less than 7% on the plain from Homs to Misurata.
Of'thet44§.967 olive trees on Italian collective farms in
1954 about 19% and 14% wem distributed in the west and east
coastal .plains respectivelys

In.the best rainfall zones; where irrigation is possible;
cropping is -interisive (Plate XXVII). In the small Libyan
gardens the oliveis cultivated alongside palms and fruit
trees Whiéh shélter the more delicate fodder end vegeteble
eropss This agricﬁltural system reflects not only the
natural fertility of the region but also.the subsistence
naturé of much of the agriculture. .

Most of the Libyan olives and those on the early .
developed Italien concessions are in full production, but
_only 60% on the Italian demographic settleménts have reached
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naturitys

Sub Regions ..

(a) ZTunisian border = Mellits
5;?r9m‘fhe,iu#isiah:fqréer.tq Mellita the area devoted to
sedéntary éultivatiap is limited and dispersed. ., Here. the
gqastal'plaip gqus_a depression mqstly,belgw 20 metres with
an ay¢ragg_wi@fh of 5 kms. between a méfine dune coastal
facade and.a broken line of continental dune formations.
The cultivated land is scattered to the north and south of
the sgbkgilowlands,lin thé oases of Zuaras, Zelten,
and E1 Argab. El Assa lies almost within the gemi=desert
area. Soils are mainly sandy and very susceptible to wind
erosion, The encroachment of the dunes is evident even in
the town of Zusra and many gardens were Seen to be abandoned
in the southern oases. The low value. of the land is
reflected in the substantial areas utilised for military
trginipg purposes. Everywhere rainfall is low, generally
about'zoo mn's. Vater supply is limited both. in distribution
and. quality. The oases amidst the dunes derive some benefit
from rainfall percolation. Por the mest part, olives are
found in dry gardens. The total number of bearing olives
is apout'17§744 concentrated mainly at Zuers and Regdaline.,
But the palm is the foremost tree crop.

.The whole area has a retrograde character and is
défin;tely marginal for olive cultivation. Crop expectation
is lpw# it is estimated that there ies one good crop in every
fdﬁf yéars and in 195?£6 the average ietuxnsupe: tree was only

18 kes., olives.
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The best arezs for the extension of tree cropping WBuld
seem to be south'of the dunes, which are now shifting cultives
tion and grezing lends - but such developments would depend
on the provision of wells. iiore could possibly be done by
-improving the existing orchards,

() Sabratha - Zanzur.

In comparison to the previous region this area hes a
more fertile aspect. The same physiographic divisions are
present except that the area of salt flats is smaller and
rarely found east of Zavia. Except in the vicinity of
Sabratha, dunes give way to a rocky cozctline. Reinfall
augments from west to east 200-~-300mm®s. The decline in
rainfell south of the coastal plain is not so rapid es at
Zuare. The undulating Jefara extends almost 50 miles south
of the cor-stal belt which is marked by the limits of cultiva-
tion. South of Zavia the cultivated area extends for S
kilometres, where.it gives way to grézing and shifting
cultivation lands.

The region comprises the Libyan oases of Zanguyr, Garguza
Tuebia, el Mattred, Sorman, Zavia and E1 Agelzat. All except
El Agelat zre situated in flat depressions surrounded by
nunerous Italian concessions and the Demozrephic settlements
of Olivetti, Hascian and Maamura (now Libyan). These occupy
the gently uwndulating terrain rising to the north and south
of the depressions. The area of rock outcrop is small.
Together with the extreme dune areas this forms the land

ler~st susceptible to cultivation. Soils are mainly sandy
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and sandy loams, but at Agelat they become increasingly
sallne. Wind erosion is somethihémhf a problem but many
areas of light sand have been colonlsed with Acacia and |
euca;yptus. These were seen to be growing well 23 kllO—
mefres soﬁfh of Zavia. The area is blessed with a good
water supply, and the construction of many new wells
exploiting the first water table was observed near Sormen.
The proportlon of olives to other tree crops increases

markedly over that of Zuara (38% of all trees olives).

Total olive trees:( 85,522 Libyan
E 64,265 Italian Demographic Farms

(351,335 1talian Private Concession
( Farms

The olive is the predominant tree crop on Itelian farms.
On 70 of the Italien farms, olives accounted for 74% of all
;tree crops but only 42% on a corresponding number of Libyan
farms, (101d.33)

Gropvexpectation is reasonably good for.the area - 2
years good, 2 pbor and 2 average. Little information exists
for crop yields; but between 1957/8 these varied from 10-25kgs.
per tree for dryland olives. The existence of abundant
water adds to the natural quality of the soil. However,
there is frequent damége to the crop fiom the Dacus Oleae.

The presence of a good water supply to the south and the
favourable rainfall would allow some expansion of olive

cultivation, where now, a precarious crop of cereals is

obtained .
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The Oases _of Tripoli

Ji'Between_Zanzur andfmagiuia thé coastal . plain widens and
a: belt of intensive eultivainn almost unbroken extends
inlend for 10 kilometres (Plate XXVIII).

' Thereafter the.cultiveble area extends in tentacles to
Suanl Ben Adem where the. surrounding dune formations are
discontinmuous. Lying twenty kilometres south of-ﬂripoli,
Suani Ben Adem can be sald to mark the boundary of tiansition
between the coastal plain and the true steppe lands.

The Libyan gsrdéns, which immediately surround the city
of Triﬁoli,”cover-an area of 5;244 he¢tares and contain over
5%,000 olives (11 trees=per“hegtare)_ A further 6903000
trees belonging_to.ltaligns ar; grown outside the-Iibyan
nucleus. | _

.. The regioﬁ,is-faVOured by a high rainfall, an irrigation
surplus and proximity to Tripolitanig{s_largest urban mayket =
Tripoli City. In consequence olives are of secondary
| importance and fruit trees, predominantly citrus, are highly
valued « '
.Extensive-colonisation.by'acacia plants of the dune &areas.
to the south have reduced the threat of wind erosion and the
suitability of the olive trees is indicated by the great
dimensions which they reach (Plate XXiX). However; the:
density o: cropping is conducive to pest attacks

Ta 1uraui,Gasr“Ghiar

This long: tract, from the Tegiura to the Poothills of
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the Jebel at the Wadi Remle; is distinguished by limited
distribution of cultivated land éven though rainfall and
humidity are not unfavourable. Morphologically, this area
j&: diverse; ‘large stretches of the coastal Selt are formed
by marine dunes, partly fized. Inlaﬂd;-eontinéﬁtal-dune-
fdrmétions'are exteﬁéive. - The area is deeply incised by
wedig gushing from the Jebel and towards the east, soils
are formed by outwash fans. HMuch of the area is undulating
énd. large flat topogresphicel units only occur around Garabulli
and Gisy¥ Chiar: Here, :soils are deep and apparently very
fértile. The area is sheltered from the full effects of
.the southerly winds by the Jebel escarpment.

. ‘Water supply is not so favourable. The water table is
deep and yields are low. Livbyan gardens and oiive groves
have sprung up at watering points along former caravan routes
whilst Itaiian farms are strung out along the main Tripoli -

Homs roades HMost of the olive plantations are dry farmed. .

Crop expectation is high ~ 9 years good, 5 fair, 1 -poor -
and damagé from pests and diseases to the trees is negligible.

Depeﬁding on water supplies there secems to be ample opportunity

for the expansion of arboriculture. A start has already
been made and several new Iibyan gardens had beén established
close “to Gagsr Chisr (Farm sample3)

Homs = Wadi Csam

The coastal plain east of Homs %o  the Wadi Caam is narrow

end comprises an area about 2,500 hectares. ”The'aféay
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settleu and cultlvated, varles in’ wiath between 50 and 2,000
metres and is concentrated predominantly in theée oases o
depressaons. At the coast, nering sands,.1im1t-culi1v5$ion.
S&ﬁ%hfﬁf‘tﬁe'oaées & featureless plaing'extensivély'utilised.
provides a sharp contrast to the oases areas; this is baékgd
by' e small searp feature (Fig. 23).

' ‘In the ocases water is of é'gOOG quality and reached 8t a
depth of T-12 metres but rainfall is low. Olive' trees; which
pumber 14,000, are mainly intercultivated. Farmers complain
of mists but at the same time réport little Dacus infestation.
Yielas were mich lower than those at Zuara (11 kgs. per plant
1957/58) .

| Fﬁrmerg inlthe'oaées area utilise’ the interior plain
largely for cereal cultivation and grazing but several olive
groves are sited at the foot of the scarp where they beneflt
from a season of inundations. - But the potentialities of this
area for tree cropping has only been realised by Italian
colonists. South-east of Homs extensive olive plantations-
(4),000 trees) are grown on the Italian Valdagno estate (Farm
Sample) (Plate XXXD.
Zliten
This Libyan oasis is situated at some distancé fromthe

coast, between the confines of Gheran oasis an&;thé:Wadi“Caam.
Thé cultivated area resembles the shape of a giant jelly £ish
" with numerous tentacles diverging into the southern hill zone

where the scarp is broken through by wadis. ~In an @rea of
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about 18<£20,000 heétéfgsg"the coaStai-dunes,-traéﬁqwgf sebka _
an%iﬁﬁperfiqial.calcareous crust zones remain{ungnitivateda
Ra£ﬁ£3111;sﬁmarginal:for,trge'crOpping.but watez:supgly for
irrigat,ion; is, found: at;depths of 10-20 metres: .The olive
is.second to the paln and is noticeably. relegated:to poor
spil'areas beyond the reach:of irrigation. facilities: S?uth
west of Zliten seversl dry gardens. have been ebardoned. : .

. Yields per tree are low (1957/8 - 2-T kgss)- =Ek¢ept;1n-
the wadi beds, of the piedmont zone 'the perlphery of the oases is
extensively utlllsed.

- ‘Esst of Zliteén, the vigorcus growth and care in cultiva-
tion of:the.trees on thé Italian demographice cdnéeséion of
Garibaldi, s%éndé;éut in marked?contrast. .Most of the 89,349
olive- trees are dry culitivated on the gently sloping and flat
1ight! 'soil areas (Plate’'KXXID.

. Misurata.

~In an area. of 9,000 hectares only zbout one fifth is
cultivated. HMarine dunes extend south and west from
to the town of Misurata. West of the town, a prolongation K
of the main sebka to the south limits cultivation. Compact. .
soils with a tuff surface and the salinity of the water supply
Iaré¥uhfavourable to the olive and palms. reprecent 90%. of ‘the
treeS;euliivateds.~.Rainfall is elightly betder than at'Zliteq‘b;
but the region ié exposed to the southerly winds. '

Some 10,131 olive trees zre cultivated at an average

dé&éity of 5 per hectare; Yields in 1957/8 were low (10 kgs.
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per plant).

‘Before reaching tlie cases of Misurata there ig a
bifﬂééatidn turning to -a large Italiar conecessions ~ This
plantation of 35,000 olives is:situsted below the broken :
scarp.-on suitable soils. Yields of 22 kgs: per plant were
obtained in:1957/8: A few hillocks have béen judiciously
plé.zitéd with pines and '.'ei.x_ealyptus . Inland good s0il extends
for iG kilometres ‘after which the high interfluve areas rapidly
becomé infertiles ' A ' o '
Igtgtiéﬁ‘?lain; | L

'*g?he interior plain comprisss the Jefarza; the hillj steppe

.. land, 'and plein of Misuratino. Unlike the coastal belt olive

c¢ultivetion in this zone is mostly & pioneer entérprise because
its development after 1920 was mainly a résult of the Italian

. expansion. of sedentary agriculture into areas formerly utilised
for grazing and ceréal cultivation. This movement was
facilitated by the discovery of the second water table and
artesidn supplies south of Misurata. =~ BExtensive olive planta«
tions, an example of the mornocultural system, characterise

the margins of eulfivation in the Jefara'(Plate-XXXIIba_;'
Iibyan olive groves are scettered throughout the: Jdebel piéds_
mont zqne-ofé¥ﬂé'héétern Jefara, on the lower slopes and upper
wadi basins in the hill zone of Misuratine. In 1935 Libyan
ovned trees in the Jefara numbered only 2;000 (0.082% of

totsl trees in Tripolitania). By 1944 Italien plantings

had increased this proportion to 18% and the number of trees :

to more than 500,000.
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'ﬁwéhe olive is the principal tree crop on Itéi;;h farms
end most of the plantations are dry farmed. Yet: where
irdigation facilities. exist, as at Bianchi; Micea, Giordani,
Suwani Ben Adem,; €. Benito, Crisp and Gioda; olives located
r;hear the wells are partially irrigeted and intercropped.

Bultivation is less intensive then omn the codast and the
planting distences of the mature trees is at least 20 metres
by 20 meires. - Ehytosanitary‘cbnditions are generally good: :-
and excellent at. Suani Ben Adem. g However,; wind erosion of
the light soile of the plain is intensive and &une*formations
in some orchards are becoming & serious hindrance (PlateXYﬂ'”'

In spite of this the olives appear to be thrlving,

Sub_Regions.
{2) .Western Jefara: - West of a line Zavia = Azizia < Jefren
the increasing aridity, the presence of crustal scils and dune
-formatiors, in addition to the poverty of water resources: are
all factors limiting land settilement and trec growth. Rain-
-fall-is<everywnere below 200mm®s and without irrigation it is
doubtful if theé. trees .could withstand the summer drought and
excessive températures. '
Apart from economic and socizl consideratioms certain -
ereas, in the opinion of Gaswell¢P1% 18ds mopntiPid 18) 4,
seem susceptible to seédentary agﬁieulturea. Theée extend in
a semiacirele'from the unduiatihg Jefara south cf Sabrathag
east to Blanchi and south<west tc Bir El CGhnem. = The soils -

are structl rely adapited to the low rainfall and water has been
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found at depth. Shiftlng sands preeent a problcm in the _
ngrth. -An experlmenual station has alresdy beén est«bllsheu
nesr Bir El:Ghnem. -
(b) . Central Jefara: ' Except for the mobilé”&wne area, the
Triassic rock outcrops, and lithesols of the Jevel piedamont,
mich of the area is intensively cultivated where the second
gcgiifer ‘has been exploited.

?E»Eaigfall-is lower them at the coast; end ‘fluctuates -
fbetWeen 150=250 mn’s; ' it decreasds rapidly to tﬁe'squth&5
‘The .lsnd rises southwards to about 200 metres: '

- Over 400,000 olive trees are cultivated in ‘this area and -
many havé yet To reach full production.  Ifi response to rain-
.£all the density of planting decreases from 30 trees per -
hectaze at .Suani Ben Adem to 25 trees per hecdtare at Azizie.
Thé §imensions of the trées noticeéably'decrease wouthwards '
as conditions bvecome‘more arid an& Wiﬁ&-expdSure“intensifieSa

From the size 0f the trees and their productivity the
southernmost cultivated parts at ‘Azizia and Suk es Sébt appear
to be a zore of challenge where thé tree can Yesist and grow
but yield poorly:s A% Suk es Scbt one farmer reports that it
has taken: 50 years for the olives to enter stonomic production
(Parm Samplel(Q). Developmient to the south of Azizia would:
~ depend on irrigaﬁiun; However, during the summer Ghiblis' -
are frequent. The summer inferno is inténse. This is !
confirmed 5y Leone P18 384y, seye that ‘the Jefara has a

very geood $cil but the Ghiblis dietate the law'. DBétween
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thngebel and Azizis no Romen ;ehains’haVeL%eén unearthed;
$his may indicate that no agricultural utilisation of the
land other than the ceréal cultivation and grazing at the
present had been effected in the pasts

' The peripheral zones of cultivetion at Bianchi, Susai
and Castel Benito could all be developed for the olive:
(¢) Eastern defara. The Bastern Jefara is & very sandy
region and Very little known since it is served only by
trackss The inaccessibility of underground water has limited
settlement and the intensity of wind erosion is very greats
(d) Hills and plain of Misurata.

Hill Zone of

.suratine. Climatically, this area
corresponds to the drier parts of the Central Jefara, but
from a morphological point of view it is less uniform.
italian influeﬂcé here has been negligible. Rising sharply
from the coastal plain e heavily dissected surface extends
for some 50 Kilometres to the south. DRainfall decreases
rapidly from the coast and ranges from 150-200 ma's.
Traditiohally,_the-hill zone is an area oFf tree cropping;
cereal cultivation and graging. Clumps of olives are
scatiered over the lower hill slopes, and wadi heads where
run off water can be concentrated (Fig. 2&). ' Most of the
highest'pafts of the interfluves are'&evaid of soil {;1ﬂ§a:$311}
Densities are low and the area of possible expansion is;
Timited,’

The coastal plain extends south of Misurata between the
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Sebka of Tauerga and the eastern flank of the hill sgone.
Rainfall is marginal for the olive, being less than 200 mm's;
but[értesian waters have permitted sedentary agriculture. |
On the two Italian demégraphic settlements of Gioda and érispi
over 75,000 olives have been planted. Most of them are semi
irrigated and intercropped. Yields are variable depending
on rainfall (average 1955/57 - 10 kgs. per plant). Weést of
the villégés the éncroachment of dunes has forced  the abandon=-
ment of several farms. However, between the villages an aréa
of 1,000 hectages is capable of being further developed.
South of Gioda conditions became extremely arid and cultivation
is limited to wadi beds: The trees suffer from the Ghibli
winds as the plains are very exposed. |

Gioda hes become almost a ghost village. ' The herbaceous
crops, on which the farmers depended until the olives came
into production, have suffered due to excessive palinity of
irrigation watei. The movement of families out of the areaénd
abandonmgnt of property has been a result'qf.suoce351Ve crop -
failures. Without careful cultivation fhese goils rapidly
revert to their natural state. The oasis of Tauorga has a
80il which is only indicated for the ﬁalm tree and no agricul-
tural development 6f the olive cen be contemplated where sea
water infiltration is certain. )
ﬁﬁﬁﬁél.?iedmoﬁtq On the actual piedmont zone of the Jebel tree
cropping is only possible where Tun off water from the scarp

can be accumilated. Rainfall is low in the west and summexr
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tempqrqturee-offér little respite for the tree. Springs are
breckish end palms are predominant in the small oases of Tigi,
Scéesiuch ‘and Giosc (Plate XXXIV). The best: arca which.
gecurs 4t the foot of the Eastern Jebel is travérsed by the
wadis Megenin end Ramle. At present only & few scattered
groves are found heres
The: Jebel. ‘Apart from a unique physical aspect the Jebel is
differentiated. from the coast and interior plains by its
traditional village society and tree culture (Plate XXXV):

" ' .Roughly 65% of the 814,787 Iibyan owned trees were.grown
in the Jebel in 1935 and were distributed as follows:=
 '270,000 in the Eastern Jebel. |

68,335 in the Central Jebel.

195,000 in the Western Jebel.

Although Italian plantings raised the number of oclive
trees.in the Eastern Jebel to 500,000, the Central and
Western Jebel has suffered a regression:. By 1944 olives .
grown in the Jebel represented only 21% of the trees in the
territory. | .

Physical conditions are guite different from those ét,
the coast. HMean annual rainfall waries between 100~325 mm‘s
and is more intense. Fifteen-twenty kilometres south of the
scarp rainfall is marginal for tree ciops except in conhection
with water conservation. A great part of the steep and
sloping land is uwnsuitable for cultivation, especially where
the top soil has been eroded:. However, the higher gently
undulating sugpfaces offer favourable sites because of their
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soii dépths and structural adaptability.

The ‘altitude &nd lowe? Humidity are unfavourable to thé
‘developméht‘of'harmfui insects @nd thus some of the best
'oliﬁéfgfdwingﬁafeas'are-foﬁnd in the'JeBel;

Eastern ‘Jebel.

(1) ‘Msellata. This region rises in steps from the coast
for a distancde of 30 kilometres to the Wedi Turgut-in the -
wests  Although theré are local variations, as a result of
thé morphological variety, this is one of the best rainfall
zones of the Jebel and temperaiures rarely £all below 0% in
wintere 'RelatiVely'disease free, this area of the Jebel is
one of the most healthy for the o;ive. Where soils are.déep
the tree' can reach large dimensions. -

The ‘olive trees, which number 344,978, 50% of all treecs
in the Jebel, are distributed predominantly over the Cussabat
plain, the low hills and wadis of Sciogran and wadis and

depressions to the south-east of Cussabat.

Seiogran 44,000
lsellata 156,644
Cussabat 114,000
El Amamra 75500
' Corradini 24,834

(2)  Cussabat Plain The plain is @dtinguished by the great
number of old olive trees (Plates X{XVIa & b). It is formed
by a wide wadi depression and covers an area of 10,000
hectares. The typical form of rural settlement is the,
village situated on the higher rock outcrop sreas., Theé

landscape i= a mosaic of olives and patches of cereal
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cultivationg _

The plain extends to the north of the-fillage of
Msindara where the terrain becomes intensely dissected
bﬁ the wpper wgdi tracts. The olive moves into the deeper
soil areas-of the wadi slopes and terraces (Fig.f255f
Heaf_the,scarﬁ, where several tributaries of the Chabbgza
epnvergéy the alluvial flats are devoted to cereals and
olivés are dotted on the hill slopes. The upper slopes
are denuded and support only poor grasses. -
L2} To the west and south of Cussabat the plain narrows. and
is heavily dissected by wadis. In general, the interfluves
are de?oid of a so0il cover and cultivation moves into the
wadis. (Plate XXXVII). The olive becomes incressingly strung
out along the wad1 beds and slopes.
larhuna West of the Wadi Turgut - Gsea (a wide flat bottomed
valley) conditions are. completely different, Rainfall is
lOQ.mm~s less than at Cussabat and wind eposion is much more
intensive. land settlement and the development of sedentary
agriculture in. the wadli itself has proved difficult, because
of. the lack of a domestic water supply. The large flat
basin and suitable soils attracted an Italisn settlemmt but
this has since been abandoned owing to water qupply deficiencies.
Over 17,000 olives were planted and cultivated with vines and
cereals (Plate XXXIX), but production of the mature trees has
been negligible. |

In the past the valley was a domein of the semi+nomad and

his livestock. Very few Libyan gardens and trees have been




laid out in the upper reaches.

| 'This valley represents an -area of transition between the
olive. growing regions of Cussabat and,the;Cenfral Tarhuna
plateau: Little appreciated in the past for olive cultiva-
tion; the plateau has been intensively developed by Italian
fermers (P;até/SXXVm) Although rginfall is low; soils are
suitably adapted to the 230mm*s rainfall; they are deep and
free draining.

The plateau is separated from Marconi by 20 kilqﬁetres
of infertile passes. The large surface, lying between 400
and 500 metres is.admirably adapted to the extensive orchard
cultivation. On its serrated northern edge the cultivable
areé is limited to the wadis and upper basins but the intefi
fluves are heavily eroded nearer the scarp.

o ‘Libyan. farming is relatively unimportant in this area‘
- (19,000 olives) and has been hindered by an unstable economic
system which prevailed ower the area in the past. |

On thé other hemnd Italian planting is prblific (184,000
trees).

Southernmost farms at Breviglieri have been encroached
- upon by shifting sands; (this phenomena is more marked nearer
Tarﬁuna“villages.

At Abbiarf%iggi the land is broken ané enters the Jefara
through a gorge;like valley where the soil is often very
shallow. Rainfall is lower and only if terracing is effected
can planting in the scarp zone take places
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Tazzoli is a former Italian settlement centre. Here

)
ek

the soil is calcareous amd shallow. A tuff subsoil is
covered with moving sands which have overrun the roads and
houses: Although some 18,000 olives were planted by the
Italian farmers they have not been sﬁccessful and since they
were taken over by the Libyan Government theéir deterioration °
haé.aeceierateda -+ Many of the trées have béen irreparably
injured by livestock.
| ?he best area is undoubtedly in the northern part of the

plate;ﬁa ‘Southwards, except in the upper wadi basins, thin
soils; shifting sahds and inaccessible water tablés are limit-
ing factors.

However, north of the platezu in the Upper and Middle
Wadil basins‘where soils are deep developments could take |
place (EFE@%*’QG Js & 150 years ago Gasr Doga was capital of |
the area. Its water supply was dérived from nearby springs.
_antrai Jebel

West of Tarhuna the first olive reappears at the head of
the Wadi Gusssem iﬂ tﬁe Central Jebel. The heavily dissected
and eroded 5-600 metres surface intervemes and offers little
séope for settlement and cultivation. Some cereal growing
in the wadis and esperto grass gathering frgm_the hillsides in
addition to livestock grazing are likely to remain the main |
' economic activities.
Although the rainfall map would signify a special climate
I}for the-Garian area; it belies the actual situation. Rainfall
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is highly varlable.

. ~The matural limits of the_cultivated'érea are soon
reacﬁéd on three sides by the Jebel. scarp and the.deeply
tnciéea'valléy of the Wadi Meginin. Winters are more severe
| beeause’of the increased altitude but phytosanitary conditions
are ﬁerfectp |

Prom information gathered oﬁ the spot olive trees produce
very little and only every 5 years. On an average érop |
expectation is about 2% kilogrammes perxr tiree.

Over 60,000 olives are grown in the aréea predominantly
on the Plains of Guassem and Tigrinna. THe plain,of:Gﬁassgm=
is composed of deep red soils. There is little damage from
winds ‘but soil erosion is a threat. The trees are cultivated
with cereals and are terraced on the wadi é;gpeSn The plain
of Tigrinna:has a similar aspect of fertility. (Plate XI::)

The plain of Assaba differs from the other two. it is
higher and more exposed to southerly wiﬁds. Soils are lighter
and rainfall lower. This plain, the soil of which rapidly
‘becomes calcareous, possesses suitable crust which:would have
t¢ be pierced to ensure tree growth = only 2;000 trees could
be developed.

El Baten is a wide wadi depression adjacent to Assaba;
and devoted to grazing and cereals. TLike Assaba it would be
possible to prepare the land for tree oropping.

Viestern Jebel

¥est of the Wadi Zaret there is practically no other
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cultivation than the olive and fig, . These together form over
#O%;of;the total tree crops.

The main centres of cultivation aré at Jefrem, Chicla .
and Giado on the high plateau surfaces, and near the scarp |
edge where llght Hamra 50115 allow dryland cultlvatlon.

(Plate Xi). . To the south and west aridity incresases and
the olives must seek wadi 1ocat10ns (Plate XLID.

In this area the llmlting factor is summer aéidity and
low winter rainfall. '"When it rains the yield 1s greater'
is a proverbial saying.amongsti local farmers. Ten kile
metresesouth of Nalut olive cultivation cecases.. '

Semi Desert _ | |

Apart from the three princlpal areas, the coast, steppe~.
and Jebel, a fourth useful planting area is constituted by
the wadis which scour the country to the south and south-east
of the Jebel., The only large planted area is that at Beni
Ulid where 10,000 mature trees gave an average yield of four
kilogrammes of olives per tree in 1958, However, in these-
areas the ecologicdal balance is easiiy disturbed and depends
on the variable flooding and systematisation of the wadi.
Even this cannot assure crop production for in April 1954 Broc
noticed that even the olives in the middle of the wadi were
withering.

Conclusion

It is apparent from the foregoing discussion that the

oliveis now cultivated in the most favourable ecological

zones, with the exception of restricted areas in the Eastern
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iJe?ararénd Egstern,Jebell There are nollargg areas awaitihg
-development, .

Im tgrmsjéf yields and oil quality the_olives of Northern
Pripolitania compare favourably with the major producers of
tbq-Nortﬁern Medite;raneén. : _ _

Moreover the olive farmers benefit from a longer product=
.ion cycle. ' L .

The optimum regions with respect to crop yields are
undoubtedly the coastal belt and Eastern Jebel where Mediterrs
anean. climatic conditions prevail. Outdde these areas there
4is a transition to a zoné of challenge where, by virtue of a
rpartibular microclimate created by; dryferming tecbniques and
1rr1gat10n. the olive cam grow and occasionally yield a heavy
crop.: The ultimate limit of the olive is the 24th parallel
but it. 18 obvious from yields and regularity of production
"that 1n these areas of. the semi desert, Western Jebei and
.even the coestal plain, the olive does not produce an economic
1crophexcept under irrlgation. These areas. by their poor
.ecological conditions lend. themaélves to subsistence cultiva=
tiom. . . oo

~ As an indication of the regional exigencies of ecological
.conditions the production of oil is revealing (Tablewséil).

In years of fair to average rainfall Tripoli and the
Western Province (including the Eastern Jefara, West Coastal
pléin and Central Jefara) accounts for approximately 30-40%
of oil production in Northerm Tripolditania. On the other
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hand in drought years (eig. 1947) about 81%.0f the o1l
produciion came from these two p:ovinceé@ " Im thefgame '
| yégr“ﬁpoduﬁﬁion"was negligible in. theé Edastern Province
(corresponding to the East Cosstal plain and Eastern J'e-‘nel'),.
‘and non-existent in the Central Pwovincé (Central and West-
ern Jebels . Production of oil in the Central and Eastern
'\PfOfihééés?ﬁﬁéréfthe*olive is mainly dry cultivated, is. -
fairly high in years of high rainfall but is less consistent -
over several years than the Tripoli and Westerni Province:

The-fluctuation'iq production which is govermed mainly-
' by the varying scological coh&itions, has inherent dis-
advantages. - The widé range of producfion has implicatiens :
for the domestic and export market. Glut anéQfahina.crdps
render the market very unstable. (Table 38 Appendix)

' Irregularity of production is less proncunced on the
cosst than elsewhere in Northern Tripolitania pfiﬁérily
because of the practice ‘of semi-irrigating the ofive; The
Frantoie variety-censtitutes 60% of the planfations-ih the
Jefara snd only does well under irrigation.

‘ As we bave seen there are no large areas awaiting
- developmient. The ares-of shifting cereal cultivation
?'eiténds-oﬁer~a rangé of c¢limatic variability bordering on the
semi désert and the well watered crop cohditions to be found
_associéted with the static faraming areas ‘ou vhe coast and

Jebel., Vhilst the major part of this laad cannot be
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con51dered suitable for the develeﬁggnt of settled farming
the better parts could:furnish some 0f- the land’ for this type
af agricul"‘ure° B
"Estimates of 1and potent1a11y sulted for’ sedentary

agrlculture and olive cultivatlo1n have varied greetly |
depending .on the criterie adopted-for the CIaSSlflC&tloﬁv
- of lag:nd'a. . De Cillis (4%) calculated that55%;000C hectares
of the total area of Northern Tripolitania was capable of
being utilised for dry farmed olives at 20 trees. per hectare,
(i.e. 1V million trees). This estimate was based=iainly'
on rainfall'an&-ﬂust also have'included'very-éxtensiﬁei
1rrigation.development@ since a more recgnt"esﬁiﬁate-diaé
agrees widely. | L

.. Robb's estimgté of land, (Table 39) '.baSed on botanical
end historical evidence, potentially suitable for sedentary
agriculture is moré'modest and amounts to 800,000 hectares.-
Since it is extremely unlikely that such a large;arean(tﬁice
the present area of settled farming) could be developed in
the near future he recommended the developmenf of 220,000
hectares of land in the Jeﬁal.and Eastern Jefara and 24 million
trees to be planted in new areas.

At the time of this repoﬁttheré were some 3%+ million
trees in the country producirng on average 3 kgs. each per
annum. Theoretically annual consumption amounted to 3,500
metric tons (750,000 x 6). Thue annual production averaged
2,000 tons below consumption levels. If these develppments

could be carrigd out if was envisaged that 5,500,000 trees
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.Robb's ro beed extension of olive ggow1ng area in 1945.

farming.

170,000 170,000

2%+ mill.

ares Total  Total ,-rgtgl, ‘Present
"ha's area trees’ Treés land use
ha's Olives '
Cereals
,,rrlg. w1th dry-z
land. agrié« by
meens of. wells & , , o
pumps ‘ag at S T E -
Oliveti . - 30,000 750,000 750,000 Shift.cult.
‘& Fonduk ' - ' o
in area west of
Blanchi
.Dryland develop~.
ment as at -
Breviglieri
Olives & Cerealg
Suk el Giuma " .
"(C. Verde) 40,000 1,000,000 - Shift.cult.
N+Breviglieri 40,000 v " "
& Marconi N
S. Zliten " o " "
S Homs 11 £} | 1] 1]
S.of Brevzglierizo 000 500,000 " "
S.B. Garian 40,000 1,000,000 Exports
Assaba~dJefren 40,000 " 120,000
Shift.cult.
20,000
exports.
Wiadi deltas
S. Jefara ¥ N.
Jefara Giosé 20,000 500,000 7,000,000 Shift.cult.
Completion of
plantings on
Italian static - :
farming. 230,000 230,000 1 mill, - Stat.farm
Arab statiec
1% mill. " "
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ccﬁld_prbduce 16,500 tons annuslly of oilj; sufficicqt for
domestié néeds and 13,000 tons for export. If there were
ﬁd'further'plaﬁtiﬁgé=then 3 miilieh trees (10% mortality)
could produce,’ at’ 3 kllograms per tree, 9;000 tons of oil
annually with an export of 5, 500 metric tons.’

Although the olive is widely distrivuted and adapted
to & variety of conditions the best yields and quality of
oi13comes from the Bastern Jdebel and”itlis'iﬁ this aréaj
particularly in the middlé basins and heads of northern
_thdIWegé,'fhat any new expansion of olive eultivétibn should
be considered first. 'The rainfall, soils and existing
orchérds;-all verify the suitability of cohditions heres

Plantations could similarly be laid out in the following
areas::’
(8) South of Sabratha and Zavia where soils aud water supply
are gimilar to that of Bianchi and Giordanis’
(b) -Zone south of Zliten - the wadi;intefildvés and slopes
form excellent sites for arboriculture.
(¢) Plaitis''of Assaba and El Baten in the Central Jebel |
remain undeveloped only because of their pastoral association
and tribal ownership of land.
(d) Apart from fa#ourable seil conditions north of Gioscy
, the hot Jefara climate is likely to impede olive growth.
West of Jefrcn.the poor yields indicate that only by placing

Qlives-ln wadis can production be assured.
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| With regard to: those areas already developed and planted
séme 1ntensificat10n could .be carried out in the Jebel end
s#eppengreas-but especially in the indigenous farming areas
:g:uthe,eoest_the density of crops is often éXQeSSiYe\
o Most of the Italien estates contained l=zmd suitable for

development. These could be most easily brought into .use.



cgie o oL 0. CHAPTER VI LT
Evolut:on of Olive Cultlvctlon

; As well as the reglonal varlatlons 1n the distrlbutlon::
of ollve cultlvatlon (resultlng fram differences in water
supply, morphology and economic systems), the culture haS -

“ther experlenced long term vicissitudes. These reflect
in part the wider changing pattern of human candltions and
‘Land uses The past history of the area provides some ‘of
fhé-re&sdné-for the present place of the olive in %hé'eGOnomy
Iand 1andscape, and further affords indications of the inherent
pess1b111t1es of the country for tree cropping."*'

~ Both the Italian and French administrations in North

Africé_deveted much time end’ interest to an analysis of
arChaeqlogical;evidepce and written recozds appertéining to
past land use, in order that the full pctentiélities Of.the
soil and water relources should be evaluated. The rapidity
with which, apparently, unfertile sand can be made %o produce
a crop.by applicatiqn of water warns agalnst land use surveys
based pﬁrely on average conditions of rainfall, De Cillis
attempted to do this but his generous éstimate of the potent-
ially cultivable area is considered excessive. { .

The éVOlution of olive cultivation and land use systems
can be'ednsidered in 4 periods:

(1) Phoenician.
(2) Ronman,

(3) Pre=Italimn. ..
(4) Italian asnd present day.
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1. Phoenician

The name Libyan (Lebu), which first appears in-Egyptian
texts of the second millénjum B.C. was originally that of éL
tribe or group of tribes inhabitiﬁg Cyrenaica, but the Greeks
extended it to all the Hamitic peoples 6f North Africa, whose
language and physical characteristies distinguished them from
thée negro and negroid Ethiopians of the Sudan. |

- The earliest account we have of the Tripolitanian‘
Libyans is that givenby Herodotus; who wrote in the S5th
century B.C. He describes the names and positions of the
chief tribea-inhabiting.Tripolitania. To the east and south
of the Gulf of Sirte the Ngsamones were dispersed. Their
western neighbours were the Macze whose terriiur# extended
as far wesf'as-théfWadi-Caam area. West of the Macae the
Jebel ‘Was inhabited by the Gindanes, the coastal plain by the
Lotophagi or lotus eaters; followed by the Machyles, who
stretched as far as the Shot el Gerid in Tunisia. In the
interiqr of the country were theé Garamantes, inhabiting the
oases 0f the Fezzan. This tribal pattern given by Herodotus
regains substentially unchanged throughout the greater pait
of antiquity.

Contrasting them with the sedentary agriculturalists
of the Aflas region; Herodotus deécribes the Libyan tribes"
of Tripoiitania and Cyrenaica,; as milk drinking and flesh
eating (i.e.pastosslnomads). No doubt this ééne:alisation

was broadly true but cultivation .was by no means unknown
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..amongst the tribes of Misuratino, emd much.of their movement

: seemsfo have been no more than seasonal migration between

U fixed areas;(4a) For example, the Hacae drove their cattle

up ‘into the Jebel every summer fer water tut Herodotus himself

remarks oxn the bumper crops harvested in.the Wedi Ceam region

éﬁiéh-surpassed even the proverbtial Babylon in its yields.

Date palms were cultivated in the southern oases to whieh

the Nasamones migrated every year lesving théir cattle on

the coast. The Caramantes; probably the lérgest-of the

tribal groupipgs, were éntirely sedentary and culitivated

their wadi beds by  'laying earth upon the salt's NHeverthes=

less in a country so near the mergin of drought es Tripolitamia,

pastoraliem and hunting and still more primitive forms of food

collecting must always have played & mzjor part in the économy.
The question has often been asked whetheralimatiec

‘conditions were easier for these peoples. in awtiquityy for

the-remaingzof fheir?ﬁarms'aré'ﬁrequentli found deep in the

semisdesert. area. of the Ghibla. The evidence is difficult

to assess Like other Mediterranean countries the northezn -

vart of the country was probably more thickiy weooded in

antiquity; Herodotus, for instancey; spesks of the Hill of

Graces (Msellata) as tree=covered end Sirabo mentions wood-

lands on the promontary of Cephalaa (Cape Misurata). In

such ereas precipitatiorn was ro doubt arlittle higher; rum

off and sc¢ll ereosion slower, than it is now. But other

pagsages in ancient writings wain against sweeping generalisas

tion. Herodotus hastens to add that it was-  the exception
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..in a8 treeless and rainless lend; Strabo,speéks of the _
interior of Iibya beyond e littoral belt ss a desert, pocky,
sandy, dry emd sterile, and Indan declares; with perhaps a .
little pqetical.exaggeratian, #fhere is not & green branch
to be found in all the stretéh of arid sand between the
burning Lepcis (Homse) and the. torrid Berenice (Benghazi)'.
However conditions in the interior seem to have been
definitely more humid, as presupposed by the rock drawings
of elephants; rhinocerous and giraffe in the Fegzzan. Pliny
nentions the *wilderméss of élephants in the hinterland of
the Western Jebel?, The main explanation for:the presence
of such animals is probably to be sought in the fact that
enornous reserves of water, accumilated under the Sshars
during the bumid Pleistocene period, had not sunk so far
beneath the surface as now. In eddition, rainfzll was
probably 50 or even 100 mm. higher than todaye (..

The Phoenicisne more then any other people were
réséonsible for the diffusion of the olive throughout the
Mediterraneans Before the Phoenicians entered Tripelitania,
shortly after 1000 BiC., the olive was ummowmn$47)*  Although
climatic conditions were similar to or slightly better than
today the socio~economic orgenisation was geared to pastoral-
ism and seasonal migratiors. By 1,000 B.C: the Phoenicians
had opened up the Western Mediterranmesn to. their trade and
were meking regular voyages to Spain from the thriving parts

 of Tyre and Sidon: It is probable thet the first vieits to
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‘the, shores of Tripoll were indvced by inclemént weather in.
the Mediterranesn. Beesuse of the straight coastline and -
lack of natural herbours places like Sabratha, Tripoli (OEA)
@nd Leptis, where coestal reefs lent themselves ‘for c¢onversien
into éven modest roddstesds; would becoms the.naturai'cﬁoice
for herbours. » f
. Tripolitanie was well placed to tap the Tessubies of the
Sudan which ‘¢éuld supply- gogds in great demand “in “the axcient
world; ‘gold; precicus stones; ivory, ebony and negro. slavesj
and- Pripolitania iteelf wes ‘rich in ostrich feathers; whose
eggs and feathéré'Were highly prized. 'Thé opportunitics -
‘for exploiting the %rade in these luxuries did not escape
the Phoenicians Pfor long. Excamvations have revealed that
an intermittently occupied Phoéniciem trading post had been
established at Sabratha in the 8th century B.C. and others
vﬁére.probabiy founded at Leptis, Oea and Sirte.

After 500 B.C. thesé stations eventually became colonised
and permanently settled. An attempt by the Greeks to
¢olonise an area near the Wadi Caam &as répulsed by e Mzcae
with the help of Carthaginian forces; as a resilt Carthage
‘¢laimed Tripolitaniz as her protectorate. This association
is of some significance with regard to the developﬁent of
olive cultivation. Whilst the wealth of these coastel
stations was based primarily on the Saharan caraven ttade .
their devotion to sedentary agriculture was by ne means

neglected.
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" With the edvent of the Carthaginian éra the primitive
ec¢ologicel balsnce between wild arnimals and man, forest.and
natural grazing lend was disturbed:. The influx of urban
eapital demanded bigger retuims from the soil. Tand was
nade- to produce more by the éxpansion of cultivetion of
cererls; fruit trees and olives.

The Phoenicians were among antiquity®s most skilful.
agriculturalists;: having been scheoled4in-intensive_garden'
cultivation on the narrow coastal plain of Syria. Iater
Carthaginian capiialists had suecessfully adopted the
Hellenistic system 6f *monoculture® or the scientific
exploitation of large estates by the exclusive eultivation
- of a particular crop for which they were best suiteds ;nl
Tripolitania this crop wes, and still is, the olive. It
was Withaht doubt Phoenician enterprise and ecapital resources
which initiated the cultivation of the olive in Tripolitens;
together with the implements for its promulgations. It is
probable a2lso thet they at least begaﬁ some of the scheémes
for water control and comservation which were later de&eloped
so well by the Romans, Strabo mentions the existence of a
Phoenician dem nesr the mouth of. the Wedi Ceam.  In entiquity
the 01l of the olive was held in highesteem and utilised for
illumination, as & condiment; as & linament - in religious and
funersl rites. Put in Tripolitania the oil was used
principally for heating and lightings -

. It seems therefore that the olive was introduced to the
coastal plaip and parts of the Jebel but slsewhere the nomad
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remained impregnable.
Romen;. ' ) '

gL;The guccesses achieved by the Phoeniciams in introducing
ﬁh;}oliveftonqrthern;Tripolitania and éncétraging_g.?re—
deminantlj-sehi.nomadic indigenous-populatiqn to participate
in the expansion of its cultivation was augmented by events
culminating in the interference and. eventual colonisation, of
Northern Tripolitania by the Romans: By occupying Messina
in 246 B.C. the Carthaginiens precipitated a struggle with’
later in the
destruxion of Carthege and the establlshment of. Romian rule
innAfrica; . After Hannibal%s,excurslonfﬁp_1ta;thad_ended
in-diaaster,.Sqipiq,,withwthe'help of a'Iibyan~ehigitain

Reme that was to end more than a cengﬁgi

Massinissa, Pinally broke the power of the Carthaginians with
a decisive victory at Zama, Carthage was forced to cede Spain
and reduce her fleet to 10 ships; but was allowed to retain
'thevTripolitanian Emperium. -The loss of coumerce benefited
ggriculture because it caused the diverting of capital inte
land development which spread ceonsiderably inland. At the
sdme tiwe Rome encourasged the territorial aspirations of
Massinissa by heanding over to him the former Fumdian Kingdom
(Algeria). |liassinissa, a man of foresight and ambition,
eaﬁfinned.to rromote Phoenician methods of agriculture and
vaexnmeht.amgngst the Iibyan tribesmen., Statesman faé well
as warrior® he turned®, says Strabo "nomads into farmers and

weélded them into a stafe-‘ Massinissa overreached himsel?f
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whqgwpe provoked Carthage into a war whiech he easily won.;
Rome retaliated and in 146 ‘razed the city to the ground.
Hoﬁevef; this Roman intervention was pencenirated only in
Tunisia and the Emporia remained in the hands of Massinassa‘e
successor who further sponsored olive cuitivatien and sedent-
ary agriculture. But after the fall of Carthage; in order
tb preserve the olive plantations; the Romans codified ‘the
normal principles relative %o their cultiﬁétion and established
for examplet
(1) +hat the tree be planted at regular intervals of 20 x
22 mu's to be practised in Sialiné soil neayr Sfax, Moreover
the fundamental caneons of dry farming were to be applied to
assure to each plant a sufficient area under the low rainfall
regime and to allow the expansion of the root system.
(2) +that plantations were to be effected between auturm and

midwinter on the hills, on clays or dry places amongst the
land devoted to pasture and cereals.

(3) Pinally, theipractice of grafting the oleaster (wild
species) which seems almost exclusive to the African countries
and proves in their regions the pre-existence of the oleaster.c»
before the diffusion of the domestic subspecies (Olem Sattive$ty
This marked the beginning of important technical improvements

in olive cultivation which were to be duplicated at & later

date in Tripolitania,

A period of instability and war followed in 118 B.C.
which resulted in the dispatching of Romen Troops and their
installment at the request of the town of Lepcis.

Until the entrg: of the Vandals in the early part of the
5th century A.D: olive cultivation seems to have expanded
generally even though oil production fell, due mainly, to
defective methods of conservation and manufacture('b"j41)
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" ""Although the Trans-<Saharan ceravan trade must have been
sjimulated by the security of communications and world wide
markets, resulting from Roﬁan Rule, the basis of the'ecenomw
. appeara'to.havé been setiled agriculturé and the export of
.olive 0il. Although African oil was generally . considered too
-coarse for culinary purposes, there was an.everegrowihg demend
for it for lighting, and use ‘in bathing establishments.
Roman emperors had the hdbit of distributing oil gratulties
'to other rulers in the world.

The anmual fine of % million pounds of oil inflicted on
Lepois by Caesar, for allying itself with Pompein forces,
gives sometiaea of the scale of olive cultivation in the pre~
Roman period. According to cee11(48) this fine would emount
to 10,678 hectolitres. Gsell infers there were 2,300,000
olive trees, of which he believes 1,000,000 were plented on
the Eastern Jebel. He presumes that the fine amounted to a
tenth of the totai production. |

This seems to be a fairly good estimate:s An average of
80 kilogrammes of eollves per tree would approximete to.18 kilo-
giammes of oil for each adult tree in good conditiom. Thus
the number of producing trees would amount to about 60,000.

On the presumption that the fine inflicted amounted to 2 tenth
.of the produetion, we reach a figure.of 600,000 producing
trees. By allowing for at least 100,000 being immature the
total ‘trees would be 700,000 which if distrlbuted regularly

at 1ntervals 20 x 20 mu's wourld eover an area of 35-40,000
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hectares. This corresponds roughlj tothe Cussabat Plain,
Marconi, Brevighlieri and.Tarhuﬁa'aréQGQ - About half this
ares has been preserved for olive cultivation.

The motives behind the Romen occupation of Tripolitania
were substantielly political end economic.

The acquisition of the coastel entrepot cities wes
undoubtedly an impertant factor:. Moreover there existed
5 settled agrarian vocdtion ‘amongst the populace of the coast
and Jebel whic¢h had been sponsored by the Phoenicians and
rulers of Numidia. The problems which fazced the Romans'
were essentially-similar to those encountered by the Italians
in the 20th century. The aridity of the territory and the
conteinment of the warlike pastoral tribes wére chief amongst
theses Like the Italians the Romans would no doubt bave
benefited from thée experience of indigenous farmers and the
éxistence of olive grovess

_The Romans offered protection, security, capital
resources and the stiflus-of an_exﬁbrt ﬁarket, They
adopted the olive as a principal crop in the light of its
already successful growth,; as a means of sedentarising
‘nomgdie peoples; expanding territorial power;, and furnishing
t#e‘imperial econoﬁﬁﬁﬁith oﬁl.(ibid 22) e

During -the first two centuries of“Roman{ruie~the
predominantly military forces of the;quanswere'preoccupied
with ihe subjugation of the desert tribes, the Nasamones and

‘Garamantes, and their activities were réstricted tc the coastal
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icdties from which they sent out expeditionary forces. But
great progress was made towards the end of the 2nd century
and a static defensive system was established in depth « the
%Limes Tripolitanus - which consisted of 3 distirnct. zones.
This system was to remain practically unchanged vuntilthe end
of Roman Rule. It was during this peridd'of-mﬁximum security
that olive cultivation prospered and its cultivation wes
-extended far south into the semi~desert éreas;

The most advanced zone was constituted by the grqat
isolated forts of Bu Hgem, el Gheria el Garbia and Cy&émae 1,
(Ghadames) situated on the three main lines of communication
between the interior and the coast (Fig. 27): They wére._
garrisoned by Roman troops. Behind these outlying forts
Alexander Severus created a zone of Limitanei settlements
in the 5rea covered by the basins of the Wadis Soffegin and
Zemgem. The innermost defensive systemwas formed by a
strategic road running along the crest 9f the Jebel and
joining Tacape (Gabes) in Tm*.usla withi Laptls.- - The road
lay well to the north of the Garian and~Tarhuna plateaui.
This decentralisation of power resulted i an expanszon of
sedentary cultivation. The defence of the aetual frontier
became increasingly in the hands of recruited peésant soldiers.

Legénd has greatly contributed to distorting the nature
and extent of olive cultivation during the period of Roman
occupation. The evidence of Gsell obviously testifies to

the importance of the Msellata region. Por the remainder
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-of the country:it is still undecided as t6 whether the
numérous Roman ruins that can be seen (rurdldwellings; oil
presses and dams) are sufficient signs for: thé re-establish=
ment of olive: plantztions from which, it would appeéar; they
resulted.

The wealth and magnificence of the coastal towns,
Sabratha,: Oea and Lepcis, ¢an hardly be con91dered as a
criterion of affluence of their hinterlands: (Plate :Hﬂﬂoeab)
Nothlng proves that their wealth did not depend ‘on commércial
actlvities other than oil export or the persénal. taste of
an emparor such as Alexander Severus. The v1v1d-eontzast-
at-Lepblsﬂbetween the marbles and sculptures -of the large
forum_attributed‘to Severus and the more modest forum of the
18t century A.D. is worth noting. The latter probably gives
a better indication of the economic status of the country
at this times | |

Accounts of two zddueducts briﬁgigg;down the oil harvest
from the Jebel from Tiéiésabratha and Tarhuﬂa=+ Lepecis bave
never been cubstantiated and must bé dismissed. However,
ancient writers acknowledge the importance of the country
with regard to cereal and oil production.

Recent archaeological investigation, . partieularly in the
Eastern Je¢bel and semi-desert areas, bhas confirmed the
correlation between the size and extent of Roman farms,; the
distrlbutlen of oil presses with the importance of olive

cultlvatlon.
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| The archaeologzcal ‘evidence of less obvious relevance,
e.g. Road Systems, types of settlement, water conservation
techniques were also taken into consideration. There is no
proof :of any Roman farms existing before the 1st century A.D.
a2lthough -there was a substantial production from indigenous
farmers; particularly in the Eastern Jebels The intensive
development of the interior was impossible without roads
cépable of earrying wheeled traffics Therefore it is likely
that'fhe first appearance of sPeeialised'olive farms in:any
nurber is éynonymous with the construction of Aelius Iamia¥s
highway in A.B: 17.

. Roman artefacts are distributed principally throughout
the coastal belt; eastern Jefara, central and eastern Jebel
snd the ‘semi-desert aress of the'Ghibla. Thus, the eastest
routes for wérring nomads from the south to ‘the coast were
effeétively-controlled. The western Jebel and the western
Jefara appeer t0 have heéld little interest for the Roman
faermer.

There was no.effective Roman éettle&éntvsouth of the::30th
parallel, . As well as the three major cities in the coastal
belt Leptis, Sabratha and Oéa (Tripoli) -and several smaller

towns the prédominant types of rural settlement ‘were.the

‘Q.Villagé,‘thé'estate and the fortified farm; - these were

d;spersed throughout the coastal plain, the eastern Jefara,
the Jebel (from Zintan to Homs) and as far ‘south as Ghirga

in the semi-desert. Road stations were sited along thé main
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highways but these were rarely permanent settlements. - These
orms of rurel settlement reflect the janner in which the
Romans.effected.agricultural exploitation of the land in
congideration of strategy amnd security, density and stability
of the indigencus population, and réquirements of the Metro-
politan. economy; :and ways of settling their own population.

the.large.urban centres and smell towns were situated
along. the ¢oast in the best water supply zones and where
routes inland focussed on natural harbour sites (Figs 26).
Gi)= Villages. - The village was extremely rare irn the
agricultural. zones. apart from the coast and reflects the
paucity .of water supplies, except from the 1st phreatic water
table. The dispersal of rural settlement a2lso irdicates the
degree of security which the Romans had. achieved: One of
" the most iﬁpbrtant villages was Mesphe (Gasr Doga) in the
Fastern Jebel where water supply was assured from a spring
flowsg
€2) Villas. These indicate a countyry reéidence or farm.
There is still some doubt existing as to whetherthese country
seats were simply residences or farn estates. Further
excavations ma& necessitate a reclassification of some known

clive farms as villascgg»a

Assuming that these estates were,
in fzct, cultivated, they formed an importent link with the
urban centres; arcund which they are clustered, since they,
were owned by weelthy citizens: In this way capital derived

from commercial enterprise was absorbed into lend improvement.
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(3) Parms. These farms, whiech had no'other function than
the productien of crops; have a wide distribut1on and are
most common in the Eastern Jebel (Plate XLTV?. They are
dlspersed over the plalns of Gussabat and Tarhuna where well
water could be supplemented frem cisterns and tanks. They
are ugually accompanied by the massive frames of Romamn olive
presses from ﬁh;ch it is assumed thet their main activity |
was.the pu;tivation pf the olive. There ié also a large
concentration of their Ffdarms in the ancient domain of the
Macomades, They were easily accessible to the markét and
port of.Leﬁtié. _
In the Central Jebel only a few farms have been discovered.,

(4) Fortified farms end towers. These are extremely abundant
in the upper basins of the southern thalwegs and albng the
shores of the Gulf of Sirte. Groups of them are commonly
found at the southern extremity of Romen control where larger
fozégs-were needed to maintain order. But they are also
dense .at the confluence of the main wedis with their trib-
utaries; Thege téwer—iike buildings were 1-30 metres sqﬁare
'andﬁgugllx_twg‘qr more storeys high. Thedr stfuctumes had
inner courtyards and olive presses have been found built into
the inner walls. In the fertile areas of the Jdebel, they
sre usually ditched and occupy the most commanding site€s.
In the southern pre-desert areas they normally stand on the
wadigﬁankss the beds of which were terﬁaced.and cultivated.

' Insc:;ptions-Show that in many cases they werg the_homes
of Romano-Libyan Limitanei. These pseudo-agricultural |
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settlements had an important social and economic function in
North. Afrieca. - . | |
.- BEsséntially defensive sites they were. first manned by
RdménzveteranSr: A ditch rumming on thé. scutherm boundary,
:epreéented_not only a line of defence but also an économic-
frontier. - It marked with great accuracy the diviaion‘between
the' cultivated land end the deaert, the nomad and the
cultlvator(ao)
The Limitanei were granted frontier lands. free of tax,
in return for a hereditary obligation to defend the soil.
against Rome"s enemies. The earliest of these belong %6 the
3rd century but most of them were established in the 4th
‘centny. Therefore it had taken nearly 300 years for
agriculture to be expanded from the better rainfall zones.
At some étage Warmington thinks thafnmémberé of nomadic tribes
were attracted from the outside into these areas, since they
had been depr@ved of their traditional grazing-and cereal
lands. Eheée men.wqre'ﬁgganised~in semi+pilitary fashiom
end settled sround Centenaria. Thé number of asscCiaﬁgﬁ_
méuééiéaV(Plate XLV?E) and agricultural installations, partic-
ularly those connected with water supply, inditcates, according
te archaeoWOgiuts, not merely a serles of outpostn but a wide<
spread. structure of soclety. Doubtless the- diseipline and
co-operative effort needed to maintain the system gradually
enegﬁraged the complete gsedentarisgtion of these people-eVen'

though Romenisation, in some cases, could only have been slight.
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A particularly noteworthy example of such a settlement
is ﬁhaffdf Ghirze which has been intensively excavated PL) .
It is giiuéted about 250 kilometres south east of Tripoli
on the desert margins. Although predominantly military in
character, this settlement and others of a similar nature
carried the limit of cultivation well into the desert provinces.
The existence of this settlement depended on the cultiva-
tion of the adjacent wadi bed.!7:_. Tii. At the present day
the wadi only floods every three years. Water was’reached
at 8 depth of 30 metres and drawn from two wells and five
cisterns. | The inhabitants took steps to obtain the méximum
adventage from the flow of wadi waters by buiiding.transverse
.stone walls at reguler intervals. Below its conflueérnice the
wadi iSfaboﬁt‘BGO-mm's wide end the dams weré_lbcéted at
intervals of 60-70 metres. Therefore .the cultivated area
has been estimated to be approximately 250 hectarés. In
this areéea, where grain harvests are extremely irregular, the
main crops were fruit trees (mainly olives) which are grown by
subsistence communities today. It is probable that this
rattern of cultivation in the Wadi Ghirza resembled that in the
Wedi Beni Ulid at the present time. Olive presses discovered
near one of the farms confirm the facf that olives were amongst
the principsl crops as it is hardly likely that olives were
imported, such a distance, to be pressed. (Plate XLVD.
Exfensive use mede of the wadi barrage system is a feature

of Roman agriculture. Climetic conditions were much the same;
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rainfall was low and irregular. Thus, in areas of dissected
terrain or where aridity was extreme,,fhg‘wédi bed was highly
valued.  The barrages were constructed to. prevent soil -
erosion and to check excessive. run off so that it could be
divertéd. into irrigation channels and storage cisterna;_l_Atl
the samé time the silting up of these dams in the steepex
wadis formed cultivable terraces in which fruit trees and
herbaceous: cérops could be grown. .It is clear from such. .
evidencé, as exists, that the system played a vital part in
developing olive cultivation on a scale unequalled before.

~ In this way; the fertile wadis of the Ghibla were .
exploited. Two large dams were buillt across the Megenin
at Sidi Gilani to proteét the coastal oases from violent
£lopds and to divert' the waters over ithe neighbouring Jefara,

These settlements in. the semi~desert had closed economies.

A variety of crops were grown to support & population whose
only wealth was the land which they held. Although served
by comparatively good roads distance from the main market
centres on the coast and eastern Jebel contributed towards
this self sufficiency. Undoubtedly the commercizl centres
of 0il production were on the plains and hillsides of the
climatically favoured Eastern Jebel .constituting the hinter-
1and of Leptis. The area ecqnomically,dependgnt on Lepcis
Originaliy'terminated near Tarhuna, but later extended to the

Wadi Zaret.

Land. Systems. In Northern Trxpolitenis, as in other perts of
North Africa, all land acquired by conquest reverted to the
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state and later to yuling Emperors.

'The'exploitation of these Imperial domains was delegated .
;n'tﬁo ways:s
(i)_ A resident proprietor would survey work himselfiénd
retain the royalties. '
(2)  A proprietor could rent a part of the total area of thé
démain_to several farmers (CONDUCTORES) who would pey an. annual
rent. The conductores; whose contract was renewed every 3
years could sublet parcels of land to colonial peasants
(Coloni).
_ On the private lands the COLONI were recruited from the
Libyan population who had been displaced from their tribal
1ghds; Therefore in the best olive growing areas the control
of the laﬁd was largely in the hande of wealthy c¢itizens of
Leptis and run on monoculitural lines with the olive being the
basic crop. These capitalists could afford to wait until the
olives came infb‘pré&uction. Inflated oil prices at Lepcis
eont:ibﬁted.to the eztension of this land system. ~Capital
investment in the soil was readily forthcoming and much land
improvement was carried out. Many tribesmen were induced to
farm neglected or uncultivated lands, by the granting of
security of tenure and tax concessions on olive trees until
they came into full productions The usual forms of agricult-
ure on the ooast appears to have been the mixed farm which
aimed at self sufficiency and produced & small surplus for

local markets.
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' By the end of the second century the whole of the
Esstern debel from Tarbuna to the sea at Homs, was densely
'occupied by farms. There were also exiensive plantations
in the Eastern Jefara.
' Thg ‘abgénce of Roman oil presses and the general pauéity
fﬁf'temainé'in the Western Jebel does not indicate an sbsence
of 61ive'culfiVatienu In this region numercus troglodyte
'dweliiﬁgég'éontaining'oil presses; exist today frbm'which the
Roman type'may'ﬁave been adapted.
‘The Decline
:Thé ze@ith'of'dlive'cultivation was reached in the-

2ﬁﬁiand 3rd cénturies in Northern Tripolitania. 'The
culture was most widely diffused even into areas marglnal
for the tree s growth. The problems of soil comservation
and water control were understood even by the Libyan peasant

and under the stimalus of an export market; securzty, and
.a wealthy trading centre at Leptis; the olive became the
'primary'caéh crop. But the conditions which had spon§pfed
t@é}giﬁanaién of sedentary agriculturée end oil production
deteriprate&'after 235 AJD. when Alexander Séverus was
murdered. His death brought to an end the dynasty of
iAfr:ii.éan'Emp"e_rors'. Civil war an& invasions from’Outside-
affected predominantly the land owning amnd commercial
bourgeousie of the provincial cities(ibid 47) Taxation
was garkedly increased and as a result of increased military
expéﬁditufgitrade was brought almest to a stendstill.
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This economic ‘deeline was greatly accelerated in the second
half of the 4th century by a renewal of tribal unrest., In
the first invasions of the Austurians (probably a Sirtie
" Trive) the territery of Lepcis was laid weste. ILittle
resistance was offered to them by the LIMITANEI whom Haynes
believes were probably in league with the invaders. In a
second raid the whole of the coastal plain seems to haig.
been devastateds Many trees in the Eastern Jebel were cut -
down end this contributed to the decay of Leptis and the
widening gap between rural and urban areas. The only
sedentary peoples to have prospered in the 4th and 5th
 centuries were the LIMITANEI. In their wadi bettoms, south
af the Jebel , they grew enough corm, dates and olives to
make their economy self sufficient. With the collapse of
Roman autﬁorityg they f&rmed & virtuslly independent SOQiéty.

Roman influence ceded to the Vandel congquerors who were
thembglvés replaced by forces of the Byzentine Empire. A
temporary halt to the decay of agriculture and city life was
achiéved. Tribal interference continued in the 6th century
in the Jefara and Misuratino lowlands, greatly strengthened
"by the use of the camel. The camel not only increased the
. mobility and striking pewer of thelnomads-bux made possiblé
the extension of pastoralism; and thelr method of shifting
cultivation. During this period the wadi systems of the

Jebel piedmont and Misuratino scarp were allowed to fall into
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disuse. = The Wadi Lebda broke through its dam and-this
sccentuated soil erosion'(Plate XIVI). ' At the beginning
of' the 6th :century the great Berber tribal gréups of
Tripolitania;;the Wefousa and Houaras, emerge; they were
tp'ébntend bitterly with the Arabs for the possession .of
their country. |

The . period from the 7th century to the 16th ceatury
marks a retrenchment: for sedentary agriculture and arbori-
culture. - The decline in Roman influence resulted in the
'eGSSation of security and protection. Moreover, export
markets and internsl trade were disrupted. . The country
becamé increasingly vulnerakle to pastoral intruders. - Libya
became a routeway for those nomads migrating to the Maghreb
falbﬁg-the'coastal plain and the Jefara. However, in the -
densely settled areas of the Jdebel, where the resilient.
Berbers inhabited defemsible positions; the Arab invaders
were temporarily thwarted. - In the same way the densely
populated .coastal oases maintained their traditionallforﬁé
of settled agriculture. But the Jefara, the low:hill zoné:
of Misuratineg as well as some of the accessible Jebel valleys,
were overrun by waves of nomads who destroyed the trees and
alloﬁé& the weter control systems to decéay. ' Rural depopu=~
lation of these aress and the alien culture of the Arabs
contribufed-to the decline in'the cultivated area .and the
nunber of trees; these were constantlyvrgiaged by camels.

The Perbers of the Central and Western Jebel offered
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fierce . resistance Yo Arab nomadiec iribes by wihdrawing from
tgé_- Dahar wadisiand-pleins to the high summit levels of the
séarp*areas-therehy-relinquishing-trees-ana;faﬁmingZSystems
in: these areas.

' The invasion of the Beni Hilal and Beni Solaym Arab
tribes. in the. eleventh century destroyed the last traégs: of
the ahcient prosperity; although agriculture-struggledﬁdn.

The 1lth - 16th centuries were marked by & period=ef¥aﬁéfchy.
In-fhe Jdebel;, particularly round Tarhuna, areas wereé  abandoned
to the B;douin tribes;.and transformed into sheep- pasturage
and : cereal prdaucing 4reas, as in the time of ancient Libyans.
The 'Jebel Nefousa was partly devgstated: and depopulated and
the Berbers became the slaves of the nomads in the Jeéfara and
Ghibla,. _ Coastal agriculture sgfferedfgreatly also, and
barely su;vived in theée oases, which recovered slowly after
.being éaéked-in the Béni Hilal invasion.

As wells and c¢lsterns fell into disrepair and the-
communication systems were neglected it was inevitable  that
a psrochial attitude towards oil production was adopted. The
loss of some of the most fertile areas to the nomad and his.
livestock was conducive to this tréend. Without an export
market and inflated land values, and because of the ineréésing
void betweern the coast and interior, olive cultivation came to
a standstill, These conditions affected first the large
eétaté farms whose economy was based on. elive cultivation.

Some protection, however, could be afforded to thé villages
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and. communally cultivated lands. State owned lamnds~and those
iéascd to a wealthy landowner class came under the auspices of
the tribe; which was the basic socio-economic wnit of the-
Arabs as well as the nomadic Berber. Depending on access-
ibility and economic value even villege life suffered. The
changing circumstances of the village of Gasr Dsuun illustrates
well the decline. During the Roman era Gasr Dauun was a
thriving villege situated in the Wadi Gsea between Tarhunsa
and Mséllata, the present site of Marconi. Two periods
of agricultural developmet have been recognised by archaeol«
cgista(sz). The initial pioneering work of land settlement
was carried out by Roman farmers who extended the dry
cultivation of the olive on the valleys and slopes surrounding
the large flat wadi. These farms were taken over by a
prosperous native society during the late 4th and 5th
centuries. FPgrms varied in size according to water avail-
ability and mcrphology. The large number of ruined;olive
presses in the distriet suggest fhe preoccupation of the
inhebitents with the production of oil for export, By the
technique of dry farming, which was the only method of
cultivation on nine-tenths of the land. This was made
possible by the terracing of wadi beds in their steppe courses
with atonée barrages: & technique comparable with those
adopted at Ghirza. (o7. .. The village of Gasr Dauun
thus lay amidst a forest of olives. But the'w§d1.G§ca and

Tarhune platesu provided a gateway for nomadic tribes’ to
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migrate in summer to the pasture areas of the Jebel escarpment.
Thus exposed, the care and attention required for arboricul ture
became impossible. Todsy, apart from the former: Italian
orchards at Marconi there are not more thean 20 trees elothing
the hillsides: |

Some &reas have never recovered from this disturbance
of the ecologicel balance. The Jebel scarp between Abbiar
Miggl snd Garian has been intensively eroded back and the
59606 Surféce now constitutes a very dissected stony covered
térraihi -Scattered patches of cereel dultivation,»esparta“
gatheriné'and modest grazing comprise the only forms of
economic activity. Within the erea is a magnificent Roman
Mausoleum, called Es Senama (1018 4@>.. The historical
connections are obvious. The low,interfluVe areas of the
Eastern'Jebel and much of the Dahar surface have*undérgone a
similar depletion ofisoil resources. The pebbly surface is
indicdtive of wind efosion (Plate XVIII)., Frequently, single
stands of stunted olives accompanied by the remnentsof oil
presses are all that remains on these knolls and-hillsiaes.

- The control of unstable soils gone, the wind was free to
transport the eroded material northwards to the moist coastal
lands, and encroach upon the cultivated lands. Lepcis was
almost engulfed by marine dunes and the plentations of Sabrathe
suffered a similar fate. -

The succeéss of Rome was based on the atabi;ity'and high

technical development of a society that could permit the
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release of capital nécessary to limit the menace of soil
er§éion and to undertake the works of water conservation.
whén'Rbme fell, security and protection cezsed, and .settled
fafhiﬁgiwas doomed - in all but the thickly populated: areas
which could be defendéd. - The outlying regions reverted to
the nomad and' shifting cultivation. The declineé in Roman
péﬁce-éombined with the contraction.of export markets, decay
of eity 1ife and the disappearance of the large commercial
‘plantation, were all responsible for theé decline of commercial
olive production. The hazards of poor harvests were not now
mét by the capitelist but increasingly by migration. - -Moreover
the entrance of a people with little *tree vcgatibn=1ed to the
widespread devastation of orchards in some of the best olive
growing areass a
Pre.-Italian -

. Prior to the arrival of the Italians in 1911 the total
number: of: olive trees belonging to indigenous Libyan' farmess
amounited to only 500,000 (Turkish Census); the mdjority of
which were bearing and probably in a declining phase of -
production: Thus, in a period of 1300. years olive cultivation
‘had declined by at least fi&eésixths.' Maeover some of the
best oil producing areas,.in terms of yields and regularity
of production; had been ravaged by the natural agencies of
erosion and leased to  extensive forms of agriculture. Over
75% of the olives were grown in the Jebel where: the Berbers

had ﬁaintained their traditional society, despité the stresses
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However,‘g large percentage of the trees were spread out
over .the Western Jebel, notorious for the irregularimy of
harvests and low yield. Thus, the olive, which had been
&, primary crop during Roman times, became only a stan@by
crop in some of the best regions of the coast and eastern
Jebel, By reason of the fact that a major proportion of
olive trees were cultivated in the arid Western Jebel—ohe
can even assume that they contributed far less to the economy.
Some compensatlon was derlved from the regional diverslty but
there was little opportunity to expand. However, the fact
that the olives were preservéd,in.the Jdebel and southern ocases
meant that some equilibrium was achieved. _

The countf& was in a state of decadence. Trﬁding wealth
had been lost. Internecine warfare and anarchy prevailed to
keep in constant,check_populatien_growth. Town life was
restricted to Tripoli and it provided the only strongcontrast
between town and country. In short, modes of life tended to
fix themselves in accordance with physique, climate and’
cultural traditions. Stagnation of economic life resulted.

~ With the regression of arboriculture and. annexation of
large parts of the Jebel and steppe lands by nomadic iribes
the stability of agricultuﬁewas greatly endangered. Tree
cTops,. suéh as the olive, for the best yieldé-and regular
production, require careful attention. The seasonal ploughing
of the land znd harvesting tended to:ﬂx at least a portion of



| 249
thehé;;ming.pcpuleticn to the soil and repgesenteawéixed
caﬁita; gesete{ But,withcut the_preregcieite of security
euﬁhééctivity;became.1imited. Anarchy and tribal'ccnflict'
characterised the subsequent history of the territory and the
beglnning of pastoralism was firmly eetabllshed. . The
;ncreesipgfattentlpn to flocks; to cereal cultivation and
pioughing over wide areas entailed the displacement of
population frcm the settled and temporary dwellinge. _:TheA
-gize and length of this displacement varied according to0. the
size of the tribal area, its fertility and water ;esources,
anmual rainfall and the economic system.

Essentially, nomadism implies movement necessary in order
to[;gpeg;ate,fullﬁ;the resources of a particular environment
as they.alterhin,time; - Semi-nomadism, on the'owher hand,
cccuﬂawhen the -nomadic¢ population is settled during part of
the year and it 18 usually associated with restricted move-
ments. -Ehe;contrastlng environments of the coast; steppe,
Jebel apdfaemi dEBert p:fered scope for such populaticn_movea
ments in accordance with the pasture needs, of the flocks and
cereal cultivation. Throughout the whole of Trlpolltanla
semienomedic communities were to be found and although they
 varied coneiderably in detail, the physical features of the
eoonomy,‘integration of resources and social structure were
common to all. The particular physical environment together
with the influences of lccial evolution and historical

development modified ccnditione only slightly(53>
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"According to De Agostini's classification of”pogéla-
_tiqn(sg?-in 1914, based on type of residence aﬁd distance of
-moﬁe@gﬁt; out of & total population for the territory of
'483;é3juabqut 63% were settled, 25% Semisnomﬁdic and 12%
completeiy nomadic. These were distributed as follows:
& - Table 40

Distributlon of Pogulatlon in 1914 in . Tripolltania
By Percentage

Coast Steppe Jebel Ghibla

Settled  ' . 684 1.9% 20.86  0.3%
Semi Nomadic 9% 40% 51% -
Nomadic , - - 23% 7% .

' Sedentarisation on the coast and Jdebel was obviously
encouraged by the'relatively favourable coﬁdiﬁiona of rain-
féll, water supply and the economie system which relied for
the most part oﬁ treé cropping and intensive cultivation of
herbaceous crops. The Jébeildwelling Berbers are reputedly
more conscientious farmers than their Arab counterparts and
cling‘teqaciously to their cultivated plots. On the coast
where shellow wells provided an adequate water supply rural
settlement was dispersed in contrast to the grouped settlements

in the Jebel. Here, the sparsity of welle together with the

(1) By settled is meant normal residence on farm or in village
in a determined area and omly periodic migration and
transhumasnce for floods and cereals.

(2) Semi-nomadic: where migrations were outside their own
territory.

(3) Nomadism: migirated over large areas for long periods.
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needsfféf“ddféneé'accounted for this-chafadterié?iﬁ‘féimgbf .
rural settlement. Villages cling to ‘searp edges ‘and highest
promontaries,’ |

- - -'The ‘coastal areas were integrated with thé“stehpe'ﬁhich
Bérved &5 pasture ‘and cereal lends whilst the Jebél, the
Jefara and Dahar were éombined to form a singie ecdnomic units

Even on the coast, especially in the Westernﬂand.Eéétenn'
margins,; where water supply and rainfall were less fgvoﬁfable.
thexe was a greater concent;ation on :1o¢ks an@ ¢ereals.

The Western Jefara, as it is todey, was a natural domain

£6% the semi-nomadie tfibes who owned & few date palms in

the gardéns of the spring line oases: In the'Wgstern ngel
the Nefouse integrated the Jebel with the Jefara. Here;

semi hqmaﬁisﬁ was village-based and within the economy of the
Berber tribes pastoralism was less exclusive with more sparing
use of the Daher pastures than in parts of the Eastern Jebel,
Practices varied according to tribé but arboriculiure tended
to prévail. The flocks of the more nomadi¢ tribes were thus
limitea.by the demands of tree culture in the more restricted
humid belt. Such movements of flocks as in cultivated areas
were the responsibility of proféssion shepherds.

S;mi;ar conditiohs prevail among the Djebelia of Tunisia,
except thet there is a greater actual movement of population
within & more b#laneed economy(55); Gérian was transitional
4in character with pastoralism diversified by extensive olive
gardens énd.considerable settlement with the troglodyte
villages., ©Only in the south, in the Ghibla and semi-desert



252
:Orfelié%regionnwere-the”téue nomadiéitribes.tovﬁém}onn&,-'It
.éppéars-that%thé.nOmadic tribes annéxed the Jebel for its. |
water resources and better summer pasture.s Success was
échiéyb@-in:the least defensible zones where Romen traditions
‘had béén weakéﬁed. Here pastoralism remeined unchallenged
intil the Italian invasions after 1911,

Soecial Organisation

! From .the- beginning of the Moslem conquests it was.
-cu§tbm$ry¢té-di§ide all lands between the congquerors and
‘Gonquered;- ‘in Tripolitania this was betwéen ATabs and .servile
.txibesfinclgﬂing.the Berber peoples who were obliged to pay a
tribute. - The unit of soclety was the tribe and thé head of
~%he tribefﬁécame-a'religious léader. The.family was the base
‘of 'the social pyramid with family groups forming LAMMAT which
in tum formed the CABAIL (SING. CABILA) or tz:_i;bal units,

‘The tribe as a socio-economic group is still the basic unit .
of society amongst indigenous Libyans, although economic.and
social changes within the country in the last 60 years have

affected its whole structure and functions(5§>;

Each tribe had its WATAN or homeland with arable and
pasture land and wells.  Th#dé lands were vested in the tribe
| which'had'reéidual-rights on them, Each division of the
tribe hed its WATAN,
| Each tribe owned land in the fertile part of the Jebel
and coast; these were integrated with strips of lend on the
Dahar and steppe utilised for winter sowing and pasiure.

"The size of the tribal area varied with the strength of the
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tribé and-physical conditions of the area: Thus in the drier
parts 6fithe Western Jebél the parish strips-extended unbroken
well .into- the Ghibla (Pig. 28). Both sowing and:pasture
lands wWere heéld in common: The actual: sowing areas within
any tribel lénd was, and still is, determinéd by thé
"distribution of rainfall. Where there was tree cropping
and a semblance of intensive cultivation then land rights
-were:mérevspecifically defined and land was individually held.
Thus, lands in the densely populated coastal oases and those
surrounding the wvillages in the Jebel were Zealouslyiguarded
and carefully attended. Outside the area of intensive
cultivation land rights were vague and disputeé-over tenure;
pérticuiarly-in-diought years, were often serious. -Amongst
the pastoral tribes the tent was the wniversal habitation
(Plate L). In many cases it was ‘rarely moved from one sSpots
although it was common prctice to change the type 6f ‘tent each
summer and winter. The families possessions-were few; beyond
the primitive but effective Ard plough,; and the tents
Egénégg

The economic base throughout much of the country was
pastoralism. The animals were the ‘wealth of the tribes
providing food, clothing, leather and bargaining power;
Floqgg;gémQOSed of hardy indigenous goat snd the f;t tailed
Barbary sheep formed the nucleus around which life revolveds
Géﬁeiérwere important as béasts'of burden.  Livestock numbers

fluctuated violently each year. Pastoralism was' supplemented
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by shifting cultivation of cereals, meinly barley. . The
family income was. supplemented by the hand pulling of esparto,,
an.oequpation.particﬁlarly useful in:drought yeafé;' Other
familj:needs were supplied through the various local markets.
‘Hany of the poorsr families also. found work in the orchards
Of the settled farmers at harvest time. There was a large.
scale migration im particular from Tarhuna to Msellata.
.Here.they-ﬁere joined by similar groups from Orfella, Amama
and Zliten, being paid in kind, usually one seventb of harvest.:
A number of small souks existed at convenient route centres,,
€.g. Suk el Giuma (Jefara) Ain Uif (CGarian) Garabulli,.

These semi nomadic communities often possessed a few
trees including olives in oases of the coast eamnd dry - gardeus.
.of the Jebel but because of their seasonal movements they were
badly cared for and rarely expandéé beyond family needs,,

The agrlculture year bagan in September for these people,
with the;harvestlng of the dates and olives when temperatures
‘'were lowers |

.There were movements, particularly amongst poorer tribal
segments,; to thé olive plantations of the eastern Jdebel and
on the coast. But for fhé predominantly pastoral families
the first rains in autumm were of greater significance. Whilst
the livestock were becoming thinner, and cisterns dried up they
were patiently waited for. Immediately the rains came there
was & transhumance of the peoples to the cereal grounds in the

Jefara and DPahar. Small groups of owners or hired- labour
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selected suitable terrains in the Dahar; the Wadis and Spurs
of tgb Jehel and the basin lands of the Jefara.

Simul tenecusly there was a movement of the flocks, often
in the care of shepherds, to the tradition=l grazing grounds.
in;thé,steppe zones and Dahar.

. ‘By January the flocks were in ﬁhe,ﬁastﬁres and the cereals
hed been. sown.. The femilies based on the steppes and Dahar
had noved to. thelr camping grounds whilst those remaining in
theiyssettled residences attended to the. trées and the gather-.
ihé of .esparto. grass. This was a'lean.péribd-in the year: for
the more pastoral peoples.

.The. beginning of April saw the exhsustion of the winter
pastures and the first stages of the return of flocks,and
families. The animals moved to the summer pasture in the
vicinity. of the main wells and lsrger cisterms. Here they
remained in great congregations until October as the decidedly
wooded remnants of the vegetation had to be supplemented by
the watering of the animals every 2 or 3 days.

In early May the commencement of the cereal hapvest
precipitated another movement to the plains and Dahar wadis.
After the harvest the grain was stored and the members rejoined
their flocks and villages. Although the principal tesks of
the agricultural year were now over the season was extended
especially in the Western Jebel by the fig harvest. But
egain this waé a crit;cal period for the semi-nomadic groups.

These temporary migratory movements involved most. -

families but emongst the settled Berber farmers and the

ey
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. oases dwellers they were of a more limited nature. ; Under
this systém drought years proved disastrous toltﬂe purely
pastoral tribes. Their conditions were ameliorated to some
extent by the tritute paid them by the servile tribes. The

shifting labour force which the poorer tribes provided were

. valuable for the olive harvests, but as no statistics are

available the volume and reliability of such movements cannot
be tested. -

The tribal system was co-ordinated by the great mobility
of the population. The less fertile of the Jebel Gardens and
oases did net constitute economie units and were subsidised by
the sowing of cereals and pestures on the Dahar and Steppe

-appendages. But this movement and susceptibility to

recurrent droughts limited the exteht to. which land improvement

could be carried eut, and,cgp%tal accumilation was small.

Moreover the'joint,ownensh&p of land in the steppe and Dahar

. were drawbacks t0 the more .intensive utilisation of these areas.
- The. overwhelming majority of the Libyan population were

Moslems and their rules of land ownerskhp and succession were

‘governed by sbsolutely unchangeable Moslem laws. Noslem law

distinguished five categories of lend.(7),

- (1) MBLK_e pererty held in full ownership by piivate persoms.

(2) ‘MIRI LANDS - public property and lands belonging to the
' state.

' (3) WAKF LANDS - the lends alienated in Mortmain and there-
o ufare not liable te transfers

(4) METROKE LANDS - lands free for public use.
. {5) MAWAT LANDS - waste or uncultivable lands.
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-...In " Cyrenaica much of the land remained MULK since the’
inhsbitants had surrendered freely to Moslem invaders.
However in Tripolitania when the resisténce of the Berbers
- was overcome their lands became MIRI and
I (iv1d 56)  gopetimes the
" State. forced the tribes to buy land: -This happened when it
desired to populate a district and fix on it the wandering
nomads. It forced them to pay & price, often a nominal one
and to dig wells. Nearly all the Jefara was thus imposed
to tribes and became the MULXK or private property of the
tribe.

State and Wakf lands cannot casily be transferred As
o MUIX, 1% may be disposed of by the ordinary wayé. As in
other countries; by sale, exchange, donation, legacy,; expropria-
tion and imnheritance.

Tﬁus the regulation of the use of land in-all except the
individually owned land in the ¢oastal cases and surrounding
the Jebel villages, was govermed by tribal needs. Invariebly
fhgvland devoted to olwe. orchards was mulk and therefore
hig&ly prized. In theory everyone held land, but the access
and use of land was'dependent primarily on the flocks and
wealth of the individual. Becausé of the;large Jewish section
of the population and the Berber resistance the tribal struct-
ure was. less strong than in Cyrenaica. Yet the implication
of the tribal system « co-<operative effort in the management

and use of lamd - weré still rigidly maintained.
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The social system and the subsistence economy contributed
to the growth of the dispersal and fragmentation of property;
these two features of land division markedly affected the
efficiency and ease with which agricultural activities were
carried out and also the viability of the farm economys

'Tﬁé'disperSal of property was & common feature of the
yural villages of Jebel as well as the farmsteads In
the coastal omsess Iand within the immediate vicinity of
the setilements and water points was highly valued én& genera11y
intensively cultivated. But outside the limits of varying
distances agriculture became more extensive as population
density declined, and water resources less accessible, 1t
was desirable for each farmer te bold land adjaceqt'to the
village for summer and winter cropping; in addition land
further from the settlement was useful for graging and cereal
cultivation. |

The only information available on the dispersal of
 cultivated land is given by Theedorou( 1014 34) ¢op Tibyen
farms in the Western:Coastal plain. Whilst these camnot be
representative of all regions, these farms irdicate the degree
of dispersal and land use common %0 all areas. In the Zavia
area the land of the Libyan farms is located in three eareas:-
(1) The oases boundaries of the coastal zone where the

residence was established and water supply from wells

supported intensive cultivation of trees and herbaceous

crops in the small bounded gardens.
(2) 50-65 kilometres from the residences in the plain Jefara

the land is devoted entirely to shifting cereal
cultivation.
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(3) 25~50 kilometres from the residences in the undulating
Jefara is found the main grazing lands,

In the Zavia area 85% of the land of a single farm wnit
was found in the Jefara. Only 2.6% was formed by the
irrigated oases garden. Out in the Jefara there was little
attempt to define cultivation boundaries by means of Tabia.

Similarly in the Jebel, except perhaps in the fertile
regions of Msellata, the farm units comprised the Jebel
terrains of varying fertility, the arid Dabhar lands and the
piedmont flats of the Jefara. VWhere the dry gardens are
individually owned they are surrounded by stout Tabias or
mud walls, but elsewhere open fields prewil. The time
required to traverse these various sections of the farm is
obviously wasteful of labour and encourages transhumance.

The fundamental cause of fragmentation of property was
found to be the desire to hold all categories of land necessary
in a subsistence economy. The Moslem inheritance lawe tend
tc break down lands into very small categories. On the
death of a lioslem his estate goes by the following successive
orders to meet funeral expenses, to settle debts, and to
meet bequests and legacies. The remainder is divided amongst
his heirs. Male members receive double the portion of the
female. There is therefore no limit to the sub-division of
an estate, however small the property may be.

This process of fragmentation was accentuated on the

Yulk lands which were almost entirely transferable.
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Even ﬁﬁggfcréps.are'éubject to these laws énd sifigle treed
can become the pr0perty of numerous people. The author
remembers a case in Garian where a sxngle olive was owned
by 60 people and the ma;ority were reeident in Cyrenaica.
Since the tree,was everyone's respons;billty ip was not
surprising that it was badly tended. | o

The scale of fragmentation was investigated by Theor&rau
In.;he Zavia. ares, on average; the land of 70 Libyan fgrgs
was divided into seven parcels. Four of these.we:ellbeated '
in the oases gardens and the remainder in thérJefaréa . The
average size of parcels was 0.32 hectares and 12¢9=ﬁe¢tares
respecﬁively: Owing to the lack of employﬁent in'pmher.
fields:the farmers sons generally became farmers also.
Combined with the prevailing malti-household this_contriﬁutes
greatly to subdivision of property. The oases gaxdgné and
the village were formerly the only areas wﬁexe fgrmers_could
set up new farms and therefore land was consfan$ly dividedo
Pragmentation also resulted from,thevdifferences in the quality
of land parcels. This was particularly emphasiged in the
Jebel where topographic va;iety énd series were less uniform.

In the Jefara fragmentation has had an additienal cause;
,q;rgti?.rqins make it necessary for the farmer to have land in
éifferqnthparts 80 that there is no more 1ikglihq6d of sowing
and ha;vest;ng & crop each year. |

Population growth increased without a simultaneous increase

in the cultivated arez. Consequently property became further
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sub—divided. S o S S

The“forces of the twin agencies of Islam and kinship |
were qﬁrongly.lngralned=1n the ru;al soeletyg'belng-both the
‘base éfuaﬁd escape from existence. Iiand use was  governed
by tradition and custom: ‘The political fragmentiétion of the
country, and'Suhsistanee-agricultureuwere'responsible.fér-the
low living standards, 1little ‘agricultural improveient and  the
-1ow 'level of olive cultivation,. '
. Ihe :Turks entered the country in 1553 but only established
any. control in the 18th and 19th centuries. 'To them is owsd
the resurrection of Trans-Saharan trade and the rise of
TRIPOLI as the main entrepot. However the deveiopment of
British eand French interests in the Gulf of Guinea brought
‘this commercial activity to en abrupt emd. Northern
| Tripolitania, deprived of interior caravan routes was no
longer a sep coast for a distant hinterland. Thé country
became, in consequence. no more than a very mediocre
agricultural region where a primitive subsistence economy
allowed little indulgence in land improvement, and the
extension of arboriculture. Population increase was low.
Italian

A féature of olive cultivation in the présent. cemtury. .-
ﬁas been its rapid extension and intensification as a result
of Italien colenisation. At the first Turkish census in
1910 oiive trees nnmbéred 5004000 (450,000 in production)
and the total area devoted to sedentary agriculture was
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Table 41.

Growth of Olive Cultivation in Northern Tripelitania.

Year . - Libyan Trees Italian Trees Total Trees
-Product- Total Product- Total Preduct- Total
ive dve ive -
1910-11 400,000 450,000 - - 4004000 450,000
1914 500,000 550,000 - - 500,000 550,000
1920 ? 600,000 - - ? 600,000
1925 ? ? - 68,000 ? ?
1930 ? 76,000 ? 954,000 ? 1,630,000
1932 ? ? ? 1,%42,00 ? ?
1935 685,713 828,624 ? 1,545,000 ? 2,373,000
1937 ? ? ? 1,745,000 ? ?
}940 ? ? ? 2,054,000 ? ?
1944 ? 970,000 ? 2,411,000 ? 3,381,000
1953 612,125 827,928 588,059 1,779,655 1,200,185 2,607,583
1955 ? ? ? ? 1,400,000 3,000,000
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certainly no more than 177,000 hectares (i.e. 3. trees per
hectaietof.eultivated land). By 1957 the number of olive
ffees,héd:grown_td nearly %% million:end. the cultivated
area to about 450,000 hecteres (i.e. 8 trees per hectare).
At the:éame.time-average.productioneof olives has' increased
from 16,@00_metric tors (1927/8 = 1931/32) té 27,000 metric
tonE (l948/9-+ 1952[3), although the wide fluctﬁations frém'
year to yea# still persistj Howevey the pumber of scgreé
produecing yéars hés'decreaseda | |
, Although the total number of cultlvated ol1ves has been
increased by 677% (7 fold) during thls time " Lzbyan ovned trees
has éxpanded by only 87% (Table 41). By contrast Italian
owvned trees 1n'the gspace of 28 years (1925653) increased from
a mere 68,000 to 13 million. Libyan olive cultivation has
therefore only expanded gradually and in 1953 représeﬂted
only 31% of the total trees (74% in production) ~In fhe same
year Italian owned trees accounted for 69% of the total (62%
in production).

Apart from the national expansion in olive cultivation
there have been significent changes irn the distribtuion of
the trees (Table QZYZ Absolutely and relatively there has
been an»increaseﬁin the number of trees on the coastal plain
and Jefara, accomparied by a slight expansion in the semi
desert nucleus a2t Beni Ulid. In comparison the Jebel has
experiencéd a decline relatively and absolutely: Whether

this represents 2 diminution in the’culti#ated.area'qr a
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decreasing density of existing orchards cannct ‘be easily
measured since land areas are unkncwn. It is probably a
combination of both. At least it méans that old trees are
not being replaced; On the other hand plantingain the
Eastern Jebel, 1argely &ue to Itallan cclcnlsatlon, have nore
than doubled in the last fifty yeaxrs. Most marked is the
declinﬁnglimpcrtenceicf the olive aﬁd agricultufe generally
in the Western Jeb91-': ' |

The rate of growth'hae varied considerably: The slow
characteristic growth of Libyan olive cultivation contrasts
vividly with the accelerated expansion of Italxan treess
A peak was reached in 1944 thercafier declining quite shaxrply
to'reccver‘egain by 1957. This decline a?ter 1944 is perhaps
& result of war damage and unstable conditions but the author
K&t found that it is probably due to the fact that many
Italian varieties in the coastal areas; gave diéapppinting
yielde on coming into productions

Like thaf.of their Roman predecéssere,'thethelian
occupation and rural c¢olonisation of Tripolitania; at the
beginning of the 20th century, represented an extra-
territorial expansion of g ﬁeople technically and eccnomicaliy, “
superlor to the indigenous population . Many problems facing
the Italians were_paralleled during Romsan times. These
ineluded the limitation of the nomad's territory, the
subjugation of the intensely indepéndent Jebel dwelling
Berber peoples and the restoration of Tripolitania®s lost

fertility and commercial wealth. There had been a prolonged
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'dé%éfibiétien-df-soil and water resouréeé'on the periphery of
the cultlvated zones due 1o overgra51ng and rapaclous systems
of shiftxng cultivation of unsteble soilss Mereover, the
'local farming pepulatlon comprised for the mest a peasant
community who' had withstood centuries of instability and
economic regression by accepting a low standard of 1i#ing§
Treéﬂei¢hai&s§'eonsidered to be the £in31'sfégé.bf.&eveléﬁment
in traditional farming hed failed to éxpend at the same rate
ag the populatién or subdivisibn of property. ‘This aisé'
' proportien was due to a number of reasons amangst which the

most important were the depth of undergreund water, land owners

ship, lack of funds necessary for the establishment qf orchards

and the parochial attitude of the populations To these may :
be added the gradusl contentment with deprivation. In 1954
members of the Yaddem tribe in Westerm Zavia, ﬁumheriﬁg 530
lived on an area of only TO hectaresﬁgsba Communications
were poor and consisted mainly of WeIIEWOxn tracks.. Wi%h.the
exception of Tripolis; urban 1life was undeveloped, and the
larger villages of the ceast and Jebel merely ﬁﬁhéti@ned as
merkets &nd centres of small handicraft industries.

| The land systems of the Italians and méthods of c_z‘--e'a_ef.:l::‘ucx,g''E
olive plantatiéns increasingly reflects; from 1920 onwards;
an atiempt”to-éoi§e the growing economie prbbleéms of Italy
itself induced by en alarming rate of’pépﬁlgtigp'in some
of the poorest parts pf thé country. 'Thtsi.sq¢ia1 and
poiiticéi motives came to override the-purely eaonaﬁic aspects

of land settlement and reclamation in Tripolitania. Three
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phases may be distinguished.
(1) 191121 - Occupation and conguest.
(2) 1922-%3 - Reconquest and pioneering phasef

(3) 1933-40 = Crystallisction o