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K. 9 ^ - l -
A b s t r a c t 

" E l - M a r j P l a i n , A G e o g r a p h i c a l Study" 

E l - M a r j P l a i n i s a c l o s e d d e p r e s s i o n on t h e u p p e r 

t e r r a c e o f t h e J e b e l Akhdar o f C y r e n a i c a . I t i s t h e l a r g e s t 

k a r s t i c b a s i n i n t h e whole o f C y r e n a i c a . The P l a i n has a 

s u b v a l l e y shape w i t h a t o t a l a r e a o f about 1,100 sq.km. 

Most o f t h e A r a b l e l a n d i s l o c a t e d between 278 and 300 m. 

above s e a - l e v e l . The escarpments t o t h e n o r t h and t h e 

s o u t h of t h e P l a i n a r e d i s s e c t e d by numerous w a d i s making t h e 

e x t e n s i o n o f t h e r o a d system an e x p e n s i v e t a s k . The w a t e r 

f l o w s i n t h e wadis d u r i n g t h e w i n t e r and e i t h e r r eaches t h e 

sea o r d i s a p p e a r s i n t o t h e p e r v i o u s l i m e s t o n e s w i t h o u t b e i n g 

u t i l i s e d by man. G e o l o g i c a l l y , t h e most e x t e n s i v e s t r a t a 

a re t h e M i d d l e Eocene. R a i n f a l l i s t h e main f u n d a m e n t a l 

f a c t o r i n E l - M a r j P l a i n s i n c e d r y f a r m i n g i s p r a c t i s e d t h e r e 

and t h e r e are no means o f i r r i g a t i o n e x c e p t on t h e c o a s t a l 

p l a i n . E l - M a r j P l a i n r e c e i v e s an a n n u a l r a i n f a l l average 

v a r y i n g between 300 and 500 mm. However, t h e r a i n f a l l i s 

e r r a t i c b o t h i n q u a n t i t y and d i s t r i b u t i o n . The r a t h e r h i g h 

average o f r a i n f a l l , t o p o g r a p h y and heavy T e r r a Rossa s o i l s 

d e t e r m i n e t h e v e g e t a t i o n c o v e r i n t h e r e g i o n . The f l o r a o f 

t h e P l a i n i s r e l a t e d more t o t h e Maghreb and s o u t h e r n Europe 

t h a n t o t h e r e s t o f L i b y a . Shortage o f w a t e r and s o i l 

e r o s i o n are t h e main p h y s i c a l o b s t a c l e s to. ec.onomic 

development. The u n d e r g r o u n d w a t e r i n E l - M a r j P l a i n i s 

c o n t a i n e d c h i e f l y i n f r a c t u r e s , b e d d i n g p l a n e s and s o l u t i o n 



o p e n i n g i n t h e l i m e s t o n e c o u n t r y r o c k . The T e r r a Rossa s o i l s 

i n E l - M a r j P l a i n a r e q u i t e deep and p r o v i d e an adequate r o o t i n g 

medium f o r p l a n t s and t h e l i m i t a t i o n s f o u n d are n o t so much 

i n h e r e n t as r e l a t e d t o t h e system o f management. There i s 

no p e d a l o g i c a l r e a s o n t o suppose t h a t under a good 

management system t h e s o i l s o f E l - M a r j P l a i n s h o u l d n o t 

prove p a r t i c u l a r l y f e r t i l e . The l o n g h i s t o r y o f t h e r e g i o n 

shows t h a t i t was s u b j e c t e d t o t h e i n v a s i o n s o f t h e Greeks, 

Romans, Arabs, T u r k s and I t a l i a n s . The i n v a s i o n o f B a n i 

S u l a i m t r i b a l l y o r g a n i s e d nomads i n t h e e l e v e n t h c e n t u r y 

b r o u g h t an end t o a l o n g p e r i o d o f s e d e n t a r y l i f e . A f t e r 

a l o n g p e r i o d o f s t a g n a t i o n t h e I t a l i a n s p l a n n e d f o r a 

demographic c o l o n i s a t i o n , b u t t h i s had come t o an end i n 

19^3 and t h e B e douin a g a i n r e g a i n e d t h e c o n t r o l o f t h e 

whole o f C y r e n a i c a . 

E l - M a r j P l a i n t s p r i n c i p l e n a t u r a l r e s o u r c e i s 

a g r i c u l t u r e and r a i s i n g l i v e s t o c k . The main crops are 

b a r l e y and wheat f o l l o w e d by o l i v e s , almonds and v i n e s . 

V e g e t a b l e s are grown i n t h e a r e a on o n l y a s m a l l s c a l e . 

L i v e s t o c k p r o d u c t i o n i n t h e a r e a p r o b a b l y a c c o u n t s f o r a 

g r e a t e r v a l u e t h a n c r o p p r o d u c t i o n i n most y e a r s . A f t e r t h e 

d i s c o v e r y o f o i l and t h e r a p i d i n c r e a s e i n p r o d u c t i o n , 

c a p i t a l has become a v a i l a b l e f o r economic development. 

C o n s e q u e n t l y , t h e L i b y a n Government has p l a n n e d t o s e t t l e 

t h e B e douin who o c c u p i e d t h e f o r m e r I t a l i a n f a r m s . The 

h i g h l y f a v o u r a b l e terms o f f e r e d by t h e N.A.S.A. scheme f o r 
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r e - s e t t l e m e n t t a k e n a l o n g w i t h a p o w e r f u l i n t e r n a l t r e n d 

towards s e d e n t a r y l i f e appears t o g i v e grounds f o r o p t i m i s m . 

The t o t a l p o p u l a t i o n o f E l - M a r j P l a i n and t h e a d j a c e n t 

a d m i n i s t r a t i v e u n i t s i s 39,867 (1964). The o n l y u r b a n 

c e n t r e i n t h e r e g i o n i s E l - M a r j town,which was s t r u c k by an 

e a r t h q u a k e i n 1963. A new town w i l l be b u i l t t o r e p l a c e t h e 

d e s t r o y e d c e n t r e . 
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I l l 

P r e f a c e 

A f t e r t h e a u t h o r had completed an e e i . r l i e r study-

on " t h e Geography o f t h e E a s t e r n J e b e l Akhdar., C y r e n a i c a " 

he r e a l i s e d t h e p o t e n t i a l i t i e s o f E l - M a r j P l a i n as a f i e l d 

f o r a n o t h e r s t u d y - f o r f o u r r e a s o n s . F i r s t , E l - M a r j P l a i n can 

be c o n s i d e r e d as h a v i n g t h e l a r g e s t scope f o r a g r i c u l t u r a l 

e x t e n s i o n i n C y r e n a i c a and perhaps i n t h e whole o f L i b y a . 

Secondly, t h e need f o r a s t u d y o f t h e p r e s e n t s t a t e o f t h e 

I t a l i a n c o n c e s s i o n s and t h e f o r m e r Ente farms r u n t o d a y 

by L i b y a n s . T h i r d l y , a f t e r t h e d i s c o v e r y o f o i l and t h e 

r a p i d r i s e i n p r o d u c t i o n , t h e L i b y a n Government a l l o c a t e d 

l a r g e sums o f money f o r economic development and E l - M a r j 

i s one o f t h e few r e g i o n s i n w h i c h c a p i t a l can be i n v e s t e d . 

F o u r t h l y , i n C y r e n a i c a l i t t l e g e o g r a p h i c a l r e s e a r c h work 

has been done and f u r t h e r work i s d e s i r a b l e . 

There have been many d i f f i c u l t i e s t o overcome. 

F i r s t , t h e s t a t i s t i c s a r e n o t r e l i a b l e and do n o t co v e r a 

l o n g p e r i o d . Secondly, t h e a d m i n i s t r a t i v e b o u n d a r i e s a r e , 

as f r e q u e n t l y happens, n o t s u i t a b l e f o r g e o g r a p h i c a l a n a l y s i s , 

t h u s s t a t i s t i c s u s u a l l y have been g i v e n t o cover t h e whole 

M u t a s a r r i f i a o f E l - M a r j ; even more t h e s t a t i s t i c s w h i c h c o v e r 

t h e s u b - d i s t r i c t o f E l - M a r j i n c l u d e areas o u t s i d e E l - M a r j 

P l a i n and v i c e v e r s a . T h i r d l y , an e a r t h q u a k e s t r u c k t h e 

town o f E l - M a r j d u r i n g t h e f i e l d work, many o f f i c i a l 

documents were l o s t and accommodation became u n a v a i l a b l e i n 

t h e u r b a n c e n t r e . 



IV 

The f i e l d work was c a r r i e d o u t f r o m October 1962 t o 
September 1963. A t f i r s t t h e town o f E l - M a r j had been t a k e n 
as a c e n t r e o f t h e f i e l d work. A f t e r t h e e a r t h q u a k e , a 
d a i l y j o u r n e y was made between Benghazi and E l - M a r j . 
Two months were spent i n T r i p o l i w o r k i n g on t h e I t a l i a n 
l i t e r a t u r e and c o l l e c t i n g s t a t i s t i c s . I came t o Durham 
i n O c t o b e r , 1963. 

The L i b y a n Government d e c i d e d t o b u i l d a new 

town t o r e p l a c e t h e d e s t r o y e d c e n t r e , c o n s e q u e n t l y a n o t h e r 

t r i p was made between J u l y and September, 19^3 t o i n v e s t i g a t e 

on t h e s p o t t h e works on t h e new town, and t o o b t a i n 

d e t a i l e d i n f o r m a t i o n on t h e newly s e t up N a t i o n a l A g r i c u l t u r a l 

S e t t l e m e n t A u t h o r i t y . 

I am most g r a t e f u l t o many people i n C y r e n a i c a and 

T r i p o l i t a n i a who have shown an a c t i v e i n t e r e s t i n my work. 

I am g r e a t l y i n d e b t e d t o E s s a y i d A b d u l l a h A l - G u a i r i , t h e 

D i r e c t o r o f M i n i s t r y o f S t a t e , E l - B e i d a f o r t h e p r o v i s i o n o f 

v a l u a b l e i n f o r m a t i o n and maps, and t o Ess. Mansur B r e i g h i t h , 

A s s i s t a n t D i r e c t o r o f Zorda E x p e r i m e n t a l S t a t i o n , E l - M a r j , 

Ess. A b d u l g a d e r A l - A i s h , c o u r t o f E l - M a r j , and Ess. Ab d u l s a l a m 

- E s - S g u r i , s e c r e t a r y o f t h e M u t a s a r r i f i a o f E l - M a r j f o r 

h e l p i n g me t o work o u t t h e l a n d use maps f o r c e r t a i n farms i n 

E l - M a r j and i n c o n d u c t i n g t h e i n v e s t i g a t i o n survey„in t h e 

town and t h e M u t a s a r r i f i a o f E l - M a r j . Among many who h e l p e d 

and a d v i s e d me I would e s p e c i a l l y l i k e t o t h a n k t h e 
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P l a t e 3 ( B ) : - K a r s t i c phenomenon: Swallow-hole of Haua 
Bu Uden south e a s t of E l - M a r j . Note the edge 
of the d e p r e s s i o n . 
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P l a t e 11 

P l a t e 12 
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P l a t e lk 

P l a t e 15 
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A farm u s i n g manual labour who reap by-
s i c k l e and t h r e s h under ho r s e ' s hooves. 

Tree p l a n t a t i o n s i n the p r i v a t e farms 
south of E l - M a r j town. The second 
escarpment i s i n the background. 

E l - G h a r i q a r e a : ploughing w i t h a wooden 
plough f o r summer vegetable crop a f t e r the 
floo d water had ceased. 

Cow herd grazingamong the almond t r e s s i n the 
C e r a s o l a ( S a n u s i ) farm west of E l - M a r j town. 

E l - G h a r i q a r e a flooded d u r i n g «the w i n t e r 
season 1962 - 63. 

Type of s e t t l e m e n t : A Bedouin t e n t 
, B e i t S h t a , a ( w i n t e r house). 

P r e - f a b r i c a t e d school e r e c t e d on the 
f o o t b a l l ground south e a s t of E l - M a r j 
town a f t e r the earthquake 1963. Note 
the s h a n t i e s i n the foreground. 

Type of s e t t l e m e n t : S h a n t i e s i n A l g e r i a 
Quarter west of El-Marj.town. 

The main s t r e e t ( i s t i q l a l S t r e e t ) i n 
El - M a r j town i n 1920 ( adopted from 
Ma r i n e 1 1 i ) . 

I s t i q f l i a l S t r e e t i n El - M a r j (1962). 

Type of Arab houses i n Dahaia E l - H u r i a 
S t r e e t i n Mahallah E l - G h a r b i a , west 
of E l - M a r j . 

The suk (market) of El-Marj. 

Pavement t r a d e r s and t i n shops i n the 
suk of E l - M a r j a f t e r the earthquake of 
1963. 
Type of an I t a l i a n a g r i c u l t u r a l 
v i l l a g e : Farzugha. 

The refugee camp at the foot of the 
second escarpment south of E l - M a r j town. 
The camp was er e c t e d a f t e r the earthquake 
destroyed most of the town. 
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P l a t e 19 ( B ) : -

P l a t e 20 ( A ) : - An A e r i a l view of the Mahallah E s h - S h a r q i a 
i n E l - M a r j town which was taken the day 
a f t e r the earthquake h i t the town. The 
main d e v a s t a t i o n was i n the old Arab 
houses. Rescue v e h i c l e s can be seen i n 
I s t i q l a l S t r e e t on the r i g h t of the 
p i c t u r e . A refugee camp i s being s e t up 
on the f o o t b a l l ground a t the top l e f t . 

P l a t e 21 ( A ) : - The heap of rubble stones i n Mahallah 
E s h - S h a r q i a . The remain of the f a l l e n 
r o o f c o n s i s t i n g of wooden r a f t e r s . Note 
the houses of rubble stones w i t h T e r r a Rossa. 

P l a t e 21 ( B ) : - The Gasr b u i l t by the Turks i n E l - M a r j Town 
was damaged beyond r e p a i r . 

P l a t e 22 ( A ) : - S evere damage to the I c l e c o n c e s s i o n 
houses i n E l - A w e l i y a (12 Kms. no r t h east, 
of E l - M a r j ) . 

P l a t e 22 ( B ) : - The damage to a w a l l of hollow concrete, b l o c k 
c o n s t r u c t i o n of a t y p i c a l low-cost 
d w e l l i n g house. These houses u n i t s are 
l o c a t e d i n A l g e r i a Quarter on the western 
f r i n g e of the town. 

P l a t e 23 ( A ) : - A p r e - f a b r i c a t e d school on the s i t e of 
the demolished Gasr. 



X V I 

L I S T OF TABLES 

Table I t -

Table 2:-

Table 3'--

Table 4:-

Table 5:-

Table 6:-

Table 7:-

Table 8: -

Table <?:-

Table 10:-

Table 11:-

Table 12:-

Table 13:-

Table lh:-

Table 15:-

Table 16:-

Table 17:-

Table 18:-

Mean Monthly Temperature at S e l e c t e d S t a t i o n s . 

Monthly Mean Maximum and Minimum of Temperature at 
S e l e c t e d S t a t i o n s . 

Mean D a i l y Range of Temperature a t S e l e c t e d S t a t i o n s 

Monthly Extreme Maximum and Minimum of Temperature 
at S e l e c t e d S t a t i o n s . 

Mean Monthly R a i n f a l l a t S e l e c t e d S t a t i o n s . 

Monthly T o t a l of Frequency of R a i n f a l l a t S e l e c t e d 
S t a t i o n s . 

P l u v i o m e t r i c G r a d i e n t a t S e l e c t e d S t a t i o n s . 

I n t e n s i t y of V a r i a b i l i t y of R a i n f a l l i n E l - M a r j i n 
mm. 

The P l u v i o m e t r i c C o e f f i c i e n t i n Three S t a t i o n s 
According to t h e i r C l i m a t i c Zones. 

Mean Monthly R a i n f a l l at E l - M a r j , El~Aweliya and 
Tulmeitha f o r 1959, 1960 and 1961 i r i mm. 

Monthly A r i d i t y Index f o r E l - M a r j . 

Monthly R e l a t i v e Humidity a t S e l e c t e d S t a t i o n s . 

Frequency of Winds from A l l D i r e c t i o n s a t E l - M a r j 
i n 1934. 
Percentage of Frequency of Winds from A l l D i r e c t i o n s 
i n Tulmeitha, Toera and T a c n i s , i n 193^. 

The D e n s i t y of Annual Growth of The F o r e s t S p e c i e s 
i n the J e b e l Akhdar. 

Areas of the Important S p e c i e s of the N a t u r a l F o r e s t 
i n C y r e n a i c a i n ha. 

The T o t a l Areas of N a t u r a l and Preserved F o r e s t , and 
R e a f f o r e s t a t i o n i n the M u t a s a r r i f i a of E l - M a r j i n ha 

R e a f f o r e s t a t i o n i n The M u t a s a r r i f i a of E l - M a r j w i t h 
Types of S p e c i e s ( i n Unit per t r e e p l a n t e d ) . 

Table 19:- L o c a t i o n s of S o i l s S i t e s . 



X V I I 

Table 2 0 : - C l a s s i f i c a t i o n s of the S o i l s . 

Table 2 1 : - A c t i v i t i e s f o r C o l o n i s a t i o n purposes of O f f i c i o 
F o n d i a r i o up to 1931» Areas i n h e c t a r e s . 

Table 2 2 : - C o l o n i s t Houses and F a m i l i e s i n C y r e n a i c a ( 1 9 4 0 ) . 

Table 2 3 : - C o l o n i s t Hoases and F a m i l i e s i n E l - M a r j P l a i n and 
the Adjacent Areas f o r the period 1937 - 1 9 ^ 0 . 

Table 2 4 : - Land Holdings i n E l - M a r j Area i n 1 9 3 8 . 

Table 2 5 : - Land Holdings i n E l - M a r j Area i n 1 9 6 4 . 

Table 2 6 : - D i s t r i b u t i o n of Some Types of Land Ownership i n 
El - M a r j P l a i n i n 1 9 3 8 . 

Table 2 7 : - D i s t r i b u t i o n of Some Types of Land Ownership i n 
El - M a r j P l a i n i n 1 9 6 4 . 

Table 28:- Number and Area of Holdings by Types of Land Tenure 
i n the Mu d i r i a and The M u t a s a r r i f i a of E l - M a r j , 
C y r e n a i c a and L i b y a ( i n h e c t a r e s ) . 

Table 2 9 : - Number And Areas of the Ente and P r i v a t e farms i n 
the M u d i r i a and The M u t a s a r r i f i a of E l - M a r j 
( i n he c t are s ) . 

Table 3 0 : - Seed Q u a n t i t i e s i n E l - M a r j P l a i n . 

Table 3 1 : - U t i l i s e d Land i n the M u t a s a r r i f i a of E l - M a r j By 
Mud i r i a ( 1 9 6 0 ) . 

Table 3 1 A : - T o t a l C u l t i v a t e d . Land By Types of Crops i n The 
M u t a s a r r i f i a of E l - M a r j by Mudiria, i n R e l a t i o n to 
C y r e n a i c a i n 196O. 

Table 3 2 : - Area of C e r e a l C u l t i v a t i o n in,The M u t a s a r r i f i a of 
El - M a r j By Mudiria, i n R e l a t i o n to C y r e n a i c a 
( 1 9 6 0 ) i n ha. 

Table 3 3 s - Wheat and B a r l e y Production f o r The M u t a s a r r i f i a of 
El - M a r j i n R e l a t i o n to C y r e n a i c a f o r the Period 
1 9 5 4 - 1 9 6 0 ( i n Q u i n t a l s ) . 

Table 3 4 : - C e r e a l Production f o r the Mudirias of the M u t a s a r r i f i a 
of E l - M a r j by S e t t l e d and T r i b a l A g r i c u l t u r e i n 
1960 ( i n q t l s . ) 

Table 3 5 : - Y i e l d s of Wheat And B a r l e y i n 1 9 5 9 - 6 0 and 1 9 6 O - 6 1 
i n The M u t a s a r r i f i a of E l - M a r j . 



X V I I I 

Table 36:- C e r e a l P r o d u c t i o n and Y i e l d per Hectare i n The 
M u t a s a r r i f i a of El - M a r j by Mudi r i a i n I96O 
( i n Q u i n t a l s ) . 

Table 37:- Average Y i e l d s of Wheat and B a r l e y i n L i b y a 
And some Neighbouring C o u n t r i e s . 

Table 38:- The Production, Imports, E x p o r t s and 
Consumption of Wheat i n L i b y a 1954-1961 
( i n Q u i n t a l s ) . 

Table 39:- The Production, Imports, E x p o r t s and Consumption 
of B a r l e y i n L i b y a 1954 - 196l ( i n q t l s . ) 

Table 40:- Y i e l d s of Chickpeas, Broadbeans and Fenugreek i n 
The M u t a s a r r i f i a of E l - M a r j . 

Table 4 l : - Areas Sown and Prod u c t i o n of Chickpeas and Broad 
beans i n The M u t a s a r r i f i a of E l - M a r j by Mudiria 
(1960) ( a r e a s i n h e c t a r e s , and production i n 
q u i n t a l s ) . 

Table 42:- Prod u c t i o n of Garden Crops i n the M u t a s a r r i f i a 
of E l - M a r j by Mudi r i a (1960) i n q t l s . 

Table 43:- Area and Number of Tre e s i n P r i v a t e Concessions, 
Ente and I c l e i n C y r e n a i c a up to 1940. 

Table 44:- Number and Areas of F r u i t T r e e s P l a n t e d by Ente 
i n the A g r i c u l t u r a l V i l l a g e s i n El - M a r j P l a i n and 
The Adjacent Areas up to 1940. 

Table 45:- Prod u c t i o n of O l i v e T r e e s i n The M u t a s a r r i f i a of 
El- M a r j by Mudiria, i n the Ente and. P r i v a t e Farms, 

f ( 1958-1959 ( i n q u i n t a l s ) . 
Table 46:- Area, Number and Production of O l i v e T r e e s i n 

The M u t a s a r r i f i a of E l - M a r j (1960). 

Table 47:- The Values of the Imports and E x p o r t s of O l i v e 
O i l i n Libya' f o r the P e r i o d 1956-62. 

Table 48:- O l i v e O i l Prod u c t i o n i n The M u t a s a r r i f i a of 
El- M a r j i n R e l a t i o n to C y r e n a i c a f o r the P e r i o d 
1955-60 i n q u i n t a l s . 

Table 49:- Area, Number and Prod u c t i o n of Almond Tre e s i n 
the M u t a s a r r i f i a of E l - M a r j (1960). 

Ta.ble 50:- Area, Number and Pr o d u c t i o n of Vin e s i n the 
M u t a s a r r i f i a of E l - M a r j i n R e l a t i o n to C y r e n a i c a 
(1960). 



X I X 

Table 51:- Wine Prod u c t i o n i n the M u t a s a r r i f i a . of E l - M a r j and 
Cyr e r i a i c a f o r the P e r i o d 1957 - 1959 ( i n t o n s ) . 

Table 52:- Number and Pr o d u c t i o n of F r u i t T r e e s i n The 
M u t a s a r r i f i a of El - M a r j (1960). 

Table 53:- Production, Area and Y i e l d s of Crops f o r H i f t e r . 
Farm i n 1960- 6 l , 6 l - 62 and 6 2 - 6 3 . 

Table 54:- Amount and Kind of A g r i c u l t u r a l Machinery i n 
C y r e n a i c a f o r the P e r i o d 1958-62. 

Table 55:- Use of Power i n The M u t a s a r r i f i a of E l - M a r j 
by M u d i r i a (1960). 

Table 56:- Farm P o p u l a t i o n by Age and Sex i n The M u t a s a r r i f i a 
of E l - M a r j by Mudiria. (1960). 

Table 57:- Number of L i v e s t o c k i n C y r e n a i c a and the 
M u t a s a r r i f i a of E l - M a r j by Mudir i a (1960). 

Table 58:- The R e l a t i o n between the Number of C a t t l e , the 
Number of Population.and the Area, of Arable Land 
i n the M u t a s a r r i f i a of E l - M a r j , Cyrenaica. and L i b y a . 

Table 59:- The R e l a t i o n between the Number of C a t t l e , the 
Number of P o p u l a t i o n and the Area of Arable Land 
i n the North A f r i c a n C o u n t r i e s . 

Table 60:- Number of L i v e s t o c k i n the M u t a s a r r i f i a of E l - M a r j 
f o r 1954-60. 

Table 6 l : - Number of Sheep, Goats and C a t t l e exported from 
C y r e n a i c a to U.A.R. and Ma.'lta. 

Table 62:- Number of Animals k i l l e d , Meat Pr o d u c t i o n and per 
caput i n the M u t a s a r r i f i a of E l - M a r j f o r the 
P e r i o d 1955 - 59 and 1963. 

Table 63:- Wool Prod u c t i o n i n the M u t a s a r r i f i a of E l - M a r j i n 
1960 by Mudir i a ( i n q u i n t a l s ) . 

Table 64:- S e t t l e d P o p u l a t i o n , Semi-Nomads and Nomads and 
Percentage to t o t a l P o p u l a t i o n i n L i b y a , C y r e n a i c a 
and the M u t a s a r r i f i a of E l - M a r j i n 1954. 

Table 65:- G e n e o l o g i c a l Table of The E l - U r f a T r i b e . 

Table 66:- P o p u l a t i o n Table of the El-U r f a . T r i b e (1922). 

Table 67:- P o p u l a t i o n Table of the Dursa T r i b e (1922). 



XX 

Table 68:-

Table 69:-

Table 70:-

Ta.ble 71:-

Table 72:-

Table 73:-

Table 74:-

Table 75:-

Ta.ble 76:-

Table 77':-

Table 78:-

Table 79:-

Table 80:-

Table 81:-

Table 82:-

Table 83:-

Po p u l a t i o n Ta.ble of the E l - A b i d T r i b e (1922). 

P o p u l a t i o n Table of the E l - A u a q i r T r i b e (1922). 

E s t i m a t e s of P o p u l a t i o n of C y r e n a i c a i n the 19th 
Century. 

Native P o p u l a t i o n E s t i m a t e s f o r C y r e n a i c a i n the 
p e r i o d 1911 - 1964 ( E x c l u d i n g K u f r a ) . 

Native P o p u l a t i o n of Cy c e n a i c a 1936, 1954 and 
1964. 
P r e s e n t Native P o p u l a t i o n i n El - M a r j D i s t r i c t and 
Benghazi and Derna P r o v i n c e s 1931 a n d 1963-

T o t a l P o p u l a t i o n of the Muhafadat of the J e b e l 
Akhdar by M u t a s a r r i f i a and i n the M u t a s a r r i f i a 
of E l - M a r j . 

Sex-Ratio of P o p u l a t i o n of the Muhafadat of the 
J e b e l Akhdar and the M u t a s a r r i f i a . of E l - M a r j by 
Mudiri a i n 1954- and 1964. 

Sex-Ratio by 10-year Age-Group i n the M u t a s a r r i f i a 
of E l - M a r j i n 1954. 

Sex-Ratio i n the M u t a s a r r i f i a of E l - M a r j , C y r e n a i c a , 
Libya, and Other S e l e c t e d c o u n t r i e s . 

Number of C i t i z e n Persons i n Each Age-Group as a. 
Percentage of the t o t a l Number of A l l Ages i n the 
M u t a s a r r i f i a of E l - M a r j , C y r e n a i c a and L i b y a 
i n 1954. 
Percentages to t o t a l P o p u l a t i o n of Persons under 
15 i n the M u t a s a r r i f i a . of E l - M a r j , C y r e n a i c a , 
L i b y a and Other S e l e c t e d C o u n t r i e s . 

P o p u l a t i o n 15 y e a r s of Age and Over by M a r i t a l 
S t a t u s (1954). 

Percentages of Unmarried persons i n Each Age Group 
i n the M u t a s a r r i f i a of E l - M a r j i n 1954. 

D i s t r i b u t i o n of Households by s i z e i n the 
M u t a s a r r i f i a of E l - M a r j (1954). 

D i s t r i b u t i o n of P o p u l a t i o n of C y r e n a i c a by 
Geographical Regions i n 1954 and 1964. 



XXI 

Table.84:-

Table 85:-

Table 86:-

Table 87:-

Table 88:-

Table 89:-

Table 90:-

D i s t r i b u t i o n of P o p u l a t i o n of the M u t a s a r r i f i a 
of E l - M a r j by Mudi r i a i n 1954 and 1964 i n 
Percentage. 

Net Change Due to Em i g r a t i o n and Immigration i n 
The M u t a s a r r i f i a of El - M a r j i n 1956 - 1962. 

Pr o p o r t i o n of L i t e r a t e Males and Females i n 
The M u t a s a r r i f i a of El - M a r j by 10-3>-ea.r 
Age-Group (1954). 

Number of Schools and Students i n the Three 
L e v e l s i n The M u t a s a r r i f i a . of E l - M a r j i n 
R e l a t i o n to C y r e n a i c a i n 1963 - 64. 

Number of P a t i e n t s , Deaths and T.B. Cases i n 
El-M a r j C i v i l H o s p i t a l f o r 1962. 

Percentage D i s t r i b u t i o n of R u r a l and E l - M a r j 
Town f a m i l i e s by Income Groups... (l$)64). 
C i t i z e n P o p u l a t i o n , 15 y e a r s of Age and 
Over C l a s s i f i e d by Major Occupational Groups 
f o r Libya, and Cyrenaica. (1954). 

Table 91:- E s t i m a t e s of P o p u l a t i o n of E l - M a r j Town i n 1922 

Table 92:- Summary of the Annual E x t e r n a l Trade of L i b y a 
1954 - 1964 i n £L. m i l l i o n . 

Table 93:- N a t i o n a l Income E s t i m a t e s i n 1959 - 1963. 

Table 94:- Shares of D i f f e r e n t S e c t o r s i n The F i v e -
Year Development Pl a n , (1963 - 68). 



X X I I 

L I S T OF APPENDICES 

Appendix I C l i m a t i c Data.. 482 

Appendix I I Water Resources. 490 

Appendix I I I D e t a i l s of S o i l A n a l y s i s 
of E l - M a r j P l a i n . 495 

Appendix IV A - D e f i n i t i o n of Some terms used 
by the Libyan, Census of 
A g r i c u l t u r e 1960. 

B-A copy of the Q u e s t i o n n a i r e s 
put to the farmers. 

C-A copy of the Q u e s t i o n n a i r e s 
put to the Heads of F a m i l i e s 
i n the town of E l - M a r j . 500 

Appendix V General Remarks and Suggestions 
f o r the Proposed B u i l d i n g of _ 
the New Town of Barce (El-Marj)-? ' 



bigure 1 

\ 

in 

1/1 

UJ 

in LU i/i 
CD 
UJ < 

in UJ 

< UJ in UJ 5 3 
U. * UJ UJ UJ 

in 
i/> u UJ LM. 

CO 

UJ CN 
<0 

f s l 

UJ 

UJ 

1/1 < 

< UJ 

i n 



I n t r o d u c t i o n 

North and e a s t of the Sahara the two most 

important h a b i t a b l e r e g i o n s are the A t l a s m a s s i f - or 

Maghreb - and the N i l e V a l l e y . Along the g r e a t e r p a r t of 

the 25OO Kms. of coast s e p a r a t i n g the l i t t o r a l of the 

a n c i e n t province of L i b y a , the d e s e r t i s d i v i d e d from the 

sea by only a narrow margin of extremely a r i d steppe. 

H i s t o r i c a l l y , the term " L i b y a " i s the a n c i e n t 

Greek d e s i g n a t i o n f o r A f r i c a or a t l e a s t what was known 

of that c o n t i n e n t i n a n t i q u i t y . During the 19th century 

L i b y a was known to the west simply as " T r i p o l i " and as 

one of the f o u r Barbary S t a t e s . L i b y a was an I t a l i a n Colony 

from 1911 to 19^3, and f i n a l l y an independent country, 

when the B r i t i s h and F r e n c h M i l i t a r y A d m i n i s t r a t i o n s , who had 

been a d m i n i s t r a t i n g the country s i n c e 19^3, t r a n s f e r r e d t h e i r 

powers to the new L i b y a n Government i n December, 1951 and 

the independence of the United Kingdom of L i b y a was f i a n l l y 

d e c l a r e d . L i b y a i s c o n s t i t u t i o n a l l y a h e r e d i t a r y monarchy 

at f i r s t w i t h a f e d e r a l system. The F e d e r a l Union was 

composed of three p r o v i n c e s , T r i p o l i t a n i a i n the n o r t h 

west, C y r e n a i c a i n the e a s t ( e a s t of the G u l f of S i r t e ) , and 

F e zzan i n the south west. Each of these three p r o v i n c e s 

had enjoyed a c e r t a i n measure of autonomy, and each shared 

powers w i t h the f e d e r a l government. The f e d e r a l system 

c r e a t e d major problems i . e . the unwieldy a d m i n i s t r a t i v e 

system and the i n c r e a s i n g powers of the p r o v i n c i a l 

governments. A f t e r ten y e a r s of the f e d e r a l system 
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experience, the country was u n i f i e d i n a c e n t r a l Government. 
The l a r g e r p a r t of L i b y a i s unproductive, comprising 

v a s t expanses of steppe and d e s e r t , c h a r a c t e r i s e d by s l i g h t 

r a i n f a l l , h igh temperature, sparse v e g e t a t i o n and poor s o i l s . 

The a r e a s u i t e d f o r human use i s estimated to amount to 

b a r e l y 14 m i l l i o n h e c t a r e s ( o r l e s s than 8 per cent of the 

t o t a l a r e a of the country) of which some 11 m i l l i o n h e c t a r e s 

are s u i t a b l e only f o r g r a z i n g and the balance i s c u l t i v a b l e . ^ 

The p o p u l a t i o n i s , t h e r e f o r e , l a r g e l y c o n centrated around 

the s m a l l p o r t i o n of p r o d u c t i v e l a n d l y i n g mainly i n the 

f e r t i l e c o a s t a l b e l t s and to a. l e s s e r extent i n the b e t t e r -

watered s e c t i o n s of the " J e b e l s ^ or high lands of T r i p o l i t a n i a 

and n o r t h e r n C y r e n a i c a , and i n a few s c a t t e r d oases i n the 

south. Areas s u i t a b l e f o r s e t t l e m e n t are so r a r e t h a t 

n i n e - t e n t h s of the people occupy only one-tenth of the l a n d . 

The Sahara r e g i o n , o r d e s e r t a r e a , comprises f o u r - f i f t h s of the 

t o t a l a r e a - o n e - t h i r d of T r i p o l i t a n i a , t h r e e - f o u r t h s of 

C y r e n a i c a and a g r e a t p a r t of Fezzan. These a r e a s had a 

p o p u l a t i o n ( i n 1954) of 70 thousand persons c o n c e n t r a t e d 

i n h a l f a. dozen remote oases. 

According to the 1964 census p r e l i m i n a r y r e s u l t s , 

L i b y a ' s t o t a l p o p u l a t i o n i s 1,559,399 (1,088,889 i n 1954), 

of which 1,029,216 are i n T r i p o l i t a ^ i i a (738,338 i n 1954), 

451,469 i n C y r e n a i c a (291,236 i n 1954) and 78,714 i n Fezzan 

(59,315 i n 1954). These f i g u r e s i n d i c a t e an annual r a t e of 
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growth of 4.3 per cent f o r L i b y a , 3•9 per cent f o r 

T r i p o l i t a n i a , 5-5 per cent f o r C y r e n a i c a , and 3-3 per cent 

f o r Fezzan. The annual r a t e of growth f o r L i b y a i s high. With 

an a r e a of 1,760,000 sq.Kms. L i b y a thus ranks amongst the most 

s p a r s e l y populated a r e a s of the world. The p o p u l a t i o n d e n s i t y 

of l e s s than one person per square k i l o m e t r e i s the lowest 

i n the world w i t h the p o s s i b l e e x c e p t i o n of i c e — c l a d Greenland 

or Bechuanaland i n A f r i c a . T r i p o l i t a n i a . (250,000 sq.Km.) has 

a d e n s i t y of 4 persons per square k i l o m e t r e , C y r e n a i c a 

(855>000 sq.Kms.) 0.5 per square k i l o m e t r e and Fezzan 

(654,000 sq.Km.) 0.1 per square k i l o m e t r e . T r i p o l i t a n i a 

though the s m a l l e s t i n area. (250,000 sq.Kms.) i s the most 

populous of the three p r o v i n c e s . With the e f f e c t i v e 

u t i l i s a t i o n of the e n t i r e cultiva.ble l a n d and the adoption of 

modern farming i t could perhaps support s t i l l l a r g e r 

p o p u l a t i o n along i t s f e r t i l e coast, which extends f o r about 

350 Kms. from Zuara on the west to M i s u r a t a i n the e a s t . The 

r a i n f a l l averages about 350 mm. around T r i p o l i and r a r e l y 

l e s s than 200 mm. I n C y r e n a i c a , on the other hand the c o a s t a l 

p l a i n ( S a h e l ) i s narrower than i n T r i p o l i t a n i a : i n p l a c e s the 

f i r s t escarpment reaches the sea. Only around Benghazi ajid 

Derna i s the p l a i n wide enough, and the water supply adequate 

to support much h a b i t a t i o n . The most promising area, f o r : 

expanding human se t t l e m e n t i n C y r e n a i c a , and perhaps the whole 

of L i b y a , i s the J e b e l Akhdar, which r i s e s s h a r p l y from the 

c o a s t a l p l a i n ahd the Mediterranean Sea. to an e l e v a t i o n of 

about 500 m. On t h i s limestone p l a t e a u , there are s c a t t e r e d 
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stunted evergreen groves, an average annual r a i n f a l l of 300 
to 500 mm. ( l a r g e l y confined to w i n t e r ) , lower summer 

temperature and some humas-rich s o i l . F u r t h e r south i n 

C y r e n a i c a and i n the whole of Fezzan the prospect of economic 

development and expansion of human se t t l e m e n t are c l o s e l y 

l i n k e d w i t h the d i s c o v e r y of o i l , developing a g r i c u l t u r e , 

and e s t a b l i s h i n g a n c i l l a r y i n d u s t r i e s and t r a d e s . T h i s i s 

not out of the q u e s t i o n f o r L i b y a ' s o i l revenue can 

c o n t r i b u t e to the development of these a r e a s . P r i o r to 

1962, L i b y a was a t y p i c a l underdeveloped country. By 

d e f i n i t i o n underdeveloped c o u n t r i e s are s h o r t of c a p i t a l * . 

Both the e x i s t i n g " r e a l c a p i t a l " ( p l a n t , equipment and 

housing) and the flow of monetary s a v i n g s a v a i l a b l e f o r 

investment purposes are: -inadequate i n almost any country t h a t 
(2) 

could be c a l l e d underdeveloped. ' Other c h a r a c t e r i s t i c s of 

underdeveloped c o u n t r i e s are l a c k of managerial s k i l l , a 

ver y h i g h p r o p o r t i o n of the popu l a t i o n i n a g r i c u l t u r e , h i g h 

f e r t i l i t y and m o r t a l i t y r a t e s , low y i e l d s per acre and the 

i n f e r i o r s t a t u s and p o s i t i o n of women. C a p i t a l was s c a r c e 

i n L i b y a u n t i l 1962. L i b y a i n t h a t time could be compared 

w i t h the poor r e s o u r c e c o u n t r i e s such as Jordan and Yemen. 
* According to r e p o r t on "Measures of the Economic 

Development of Underdeveloped C o u n t r i e s " by e x p e r t s 
of the United Nations, the term of underdeveloped 
c o u n t r i e s i s used "to mean c o u n t r i e s i n which per 
c a p i t a r e a l income i s low when compared w i t h the 
per c a p i t a r e a l incomes of the United S t a t e s of 
America, Canada, A u s t r a l i a and western Europe." 
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From I963 onwards the flow of money from o i l revenues 
provided a new source of c a p i t a l and per c a p i t a income 
i n c r e a s e d from £38 per annum i n 1959 to about £63 per annum 
i n 1963. However, except f o r the a v a i l a b i l i t y of c a p i t a l 
and the i n c r e a s e i n per c a p i t a income, L i b y a s t i l l b e ars a l l 
the c h a r a c t e r i s t i c s of the underdeveloped country. 
Therefore, before the d i s c o v e r y of o i l , Libya, was r e s o u r c e -
poor and stagnant. I t had become commonplace f o r o b s e r v e r s 
of L i b y a n a f f a i r s to d e s c r i b e the economy as " d e f i c i t a r y " . 
There were d e f i c i t s i n the budgets of the f e d e r a l and the 
three p r o v i n c i a l governments and the m u n i c i p a l i t i e s . There 
was a d e f i c i t i n the balance of payment. This d e f i c i t was not 
met by net r e c e i p t s from.foreign investments, as i t might be 
i n an advanced country, but by g r a n t s - i n - a i d , m i l i t a r y 
expenditure, and investments of f o r e i g n powers. 

T h i s d e f i c i t r e f l e c t e d the hard f a c t t h a t the whole 

L i b y a n economy operated a t a d e f i c i t . The country d i d not 

produce enough to m a i n t a i n even t h a t low standard of l i v i n g . 

For four decades these d e f i c i t s were made good by f o r e i g n 

governments: by I t a l y d u r i n g the t h i r t y y e a r s of c o l o n i a l 

r u l e , from 19̂ -3 to 1952 by the a d m i n i s t r a t i n g powers, and 

from 1952 to 1962 by f o r e i g n a i d and l e a s e of m i l i t a r y b a s e s . 

However, the h i s t o r i c a l evidence shows t h a t the country was 

prosperous i n the Greek and Roman times. The p r o s p e r i t y had 

always been a r e s u l t of f o r e i g n investment i n the country. 

From 1517 to 1911 the Turks l e f t the L i b y a n s to' t h e i r own 
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d e v i c e s . D u r i n g t h e I t a l i a n c o l o n i a l e r a , t h e p a r t o f t h e 
c o u n t r y most s u i t a b l e f o r E u r o p e a n s e t t l e m e n t was c o l o n i s e d 
by i m m i g r a n t n a t i o n a l s and t h e L i b y a n s were s e g r e g a t e d i n t h e 
l e s s a t t r a c t i v e p a r t . 

I n t h i s p e c u l i a r s i t u a t i o n , t h e a i d from f o r e i g n 

powers was s p e n t i n p e c u l i a r ways. The huge a d m i n i s t r a t i v e 

s y s t e m a b s o r b e d l a r g e sums from a i d g r a n t e d , and t h e p r o j e c t s 

p l a n n e d n e v e r came i n t o e x i s t e n c e . T h i s l a t t e r c a n p a r t l y 

be e x p l a i n e d by t h e l a c k o f e d u c a t e d p e o p l e w i t h i n t h e c o u n t r y 

t h e budget o f t h e c o u n t r y was p l u n g i n g i n t o f u r t h e r d e f i c i t . 

A m i r a c l e was needed t o s o l v e t h e p roblem. 

I n 1 9 5 9 t h e f i r s t o i l w e l l was s t r u c k , a t Z e l t e n i n 

C y r e n a i c a and t h i s was f o l l o w e d by numerous w e l l s t h r o u g h o u t 

L i b y a . I n 1 9 6 3 f L i b y a had a f a v o u r a b l e b a l a n c e o f t r a d e f o r 

t h e f i r s t t i m e . T h i s was due t o t h e p r o d u c t i o n o f o i l and t h e 

c o n t i n u o u s i n c r e a s e o f c r u d e o i l e x p o r t s s i n c e . 1 9 6 2 . 

The development o f t h e o i l d e p o s i t s h a s a l r e a d y had 

t h e e f f e c t o f c r e a t i n g m a j o r changes i n t h e s o c i a l and 

economic l i f e o f t h e c o u n t r y . The i m p a c t o f t h e economic, 

s o c i a l ' and p o l i t i c a l r e v o l u t i o n s i s g i v i n g way to b o t h hope 

and f r u s t r a t i o n . T h e r e a r e many p r o b l e m s i n L i b y a w h i c h t h e 

d i s c o v e r y o f o i l w i l l , by i t s e l f , n o t s o l v e . As t h e m a j o r i t y 

o f L i b y a ' s p o p u l a t i o n i s engaged i n . a g r i c u l t u r e , and a few 

s m a l l i n d u s t r i e s , p l a n n e d economic development w i l l be 

n e c e s s a r y to cope w i t h t h e s o c i a l c h a n g e s . W i t h 7 0 p e r c e n t 

o f o i l r e v e n u e s a l l o c a t e d to t h e development s e c t o r , i t i s 
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p o s s i b l e t o r e v i v e L i b y a n hopes o f a r e c o n s t i t u t e d s e d e n t a r y 
a g r i c u l t u r a l zone i n C y r e n a i c a . 

C y r e n a i c a i s a c o u n t r y o f marked c o n t r a s t s , t h e 

m o u n t a i n and the p l a i n , t h e f o r e s t and t h e s t e p p e , t h e r i h 

T e r r a R o s s a and t h e d e s e r t , s e t t l e d l i f e and nomadism. 

I n C y r e n a i c a one may d i s t i n g u i s h b etween t h e Bawadi ( t h e 

B e d o u i n ) and t h e Hadur (town ! i d w e H e r s ) . The B e d o u i n ways o f 

l i f e a r e w e l l a d a p t e d t o t h e i r e n v i r o n m e n t , and d e s p i t e t h e 

f a c t t h a t t h e y a r e p a s t u r a l i s t a t h e a r t t h e y l e a d what i s 

sometimes c a l l e d a " d u a l economy". Most o f t h e B e d o u i n s t i l l 

l e a d a v e r y s i m p l e l i f e , t h e i r d i e t i s p l a i n and t h e i r w a n t s 

a r e " l i m i t e d and t r i b a l t r a d i t i o n s a r e s t r o n g . C y r e n a i c a 

i s p e r h a p s t h e most c o m p l e t e l y A r a b i z e d c o u n t r y o u t s i d e A r a b i a . 

No l a n g u a g e competes w i t h A r a b i c , no r e l i g i o n w i t h I s l a m and 

no f o r e i g n custom w i t h Arab custom. The B e d o u i n who s e t t l e d 

i n t h e f o r m e r " E n t e p e r l a c o l o n a z z i o n e d e l l a L i b i a " f a r m s 

o n l y d i d so a f t e r 1 9 ^ 3 . P r i o r t o t h i s d a t e no. r e a l a t t e m p t 

was made t o improve t h e i r c o n d i t i o n . Time and a g a i n c o l o n i s t s , 

h a ve been tempted from I t a l y and G r e e c e by t h e s h o r t s e a r o u t e s 

and have s e t t l e d i n t h e J e b e l a r e a and d i s p o s s e s s e d t h e 

B e d o u i n , b ut i n t h e end i t i s t h e B e d o u i n , and n o t t h e 

c o l o n i s t s , who have s u r v i v e d . When one l o o k s a t t h e m a s s i v e 

G r e e k and Roman r u i n s , and a l r e a d y h a l f - r u i n e d f o r m e r I t a l i a n 

v i l l a g e s and f a r m h o u s e s , and t h e n on t h e f l i m s y t e n t s o f t h e 

B e d o u i n , one c a n n o t b ut r e f l e c t t h a t t h e r a c e i s n o t a l w a y s t o 

th e s w i f t n o r t h e b a t t l e t o t h e s t r o n g . 
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As w e l l a s o i l , a g r i c u l t u r e and a n i m a l h u s b a n d r y 
must c l e a r l y c o n t i n u e to be one o f t h e m a i n s t a y s o f t h e 
C y r e n a i c a n economy. A g r i c u l t u r a l development i n C y r e n a i c a 
p r e s e n t s a number o f c h a l l e n g i n g p r o b l e m s . G i v e n t h e s p a r c i t y 
and i r r e g u l a r i t y o f r a i n f a l l ajid t h e i m p o v e r i s h m e n t o f t h e s o i l 
t h r o u g h many c e n t u r i e s o f n e g l e c t , l a r g e i n v e s t m e n t i n s o i l 
and w a t e r c o n s e r v a t i o n i s needed s i m p l y t o p r e s e r v e t h e 
e x i s t i n g a s s e t s and* to p r e v e n t a f u r t h e r d e t e r i o r a t i o n i n 
f a r m i n g c o n d i t i o n s . 

Water i s t h e most i m p o r t a n t f a c t o r i n C y r e n a i e a n 

a g r i c u l t u r e and i s more p r e c i o u s t h a n o i l . Water i s t h e p r i m e 

mover i n t h e B e d o u i n l i f e . I f a n a d e q u a t e s u p p l y o f w a t e r 

i s a v a i l a b l e t h r o u g h o u t t h e y e a r i n any g i v e n a r e a , t h e n t h e 

B e d o u i n m i ght w e l l s t a y i n one p l a c e . However, most o f t h e 

c o u n t r y i s d e s e r t , o n l y t h e J e b e l Akhdar and t h e c o a s t a l p l a i n 

b e tween B e n g h a z i and Derna. r e c e i v e an a n n u a l a v e r a g e 

r a i n f a l l s u f f i c i e n t f o r c e r e a l c u l t i v a t i o n . 

T h i s i s a g e o g r a p h i c a l s t u d y o f E l - M a r j P l a i n , 

known t o E u r o p e a n s a s t h e B a r c e P l a i n . The P l a i n i s s i t u a t e d 

i n t h e w e s t o f t h e J e b e l Akhdar, on t h e a r e a between t h e f i r s t 

and t h e s e c o n d e s c a r p m e n t , known a s t h e u p p e r t e r r a c e 

( V i d e F i g . l ) . S i n c e r e g i o n a l g e o g r a p h i c a l s t u d i e s i n 

C y r e n a i c a a r e s t i l l i n t h e i r i n f a n c y , t h e f i r s t m a t t e r , t h a t o f 

r e c o g n i t i o n and d e f i n i t i o n o f t h e r e g i o n , ha.s i t s e l f b e e n a 

p i o n e e r a t t e m p t made more d i f f i c u l t by t h e a b s e n c e o f any 

e x i s t i n g c o r p u s o f knowledge. The s e c o n d e s c a r p m e n t d e f i n e s 

t h e s o u t h e r n l i m i t o f t h e P l a i n . 
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The P l a i n w a t e r s h e d i n t h e e a s t and n o r t h was t a k e n a s t h e 

e a s t e r n and n o r t h e r n l i m i t w h i l e i n t h e w e s t and s o u t h w e s t 

t h e 3 5 0 m. c o n t o u r was u s e d a s an a r b i t r a r y l i n e a c r o s s t h e 

u n d u l a t i n g t r a n s i t i o n a r e a b e t w e e n E l - M a r j and S i l i n a and 

E l - A b i a r P l a i n s . The r a t i o n a l e b e h i n d t h e a d o p t i o n o f t h e s e 

b o u n d a r i e s w i l l a p p e a r i n t h e s t u d i e s w h i c h f o l l o w . 

E l - M a r j P l a i n was c o l o n i s e d i n c l a s s i c a l t i m e s and 

more r e c e n t l y by t h e I t a l i a n s . The r a i n f a l l i s r e l a t i v e l y 

h i g h and c o n d i t i o n s a r e more f a v o u r a b l e f o r d r y f a r m i n g t h a n 

i n most o t h e r , p a r t s o f L i b y a . The a g r i c u l t u r a l p o t e n t i a l 

o f E l - M a r j P l a i n , however, h a s n o t y e t b e e n f u l l y e x p l o i t e d , 

and t h e g e n e r a l s t a n d a r d o f f a r m i n g i n t h e P l a i n i s l o w e r 

t h a n i n T r i p o l i t a n i a . D e s p i t e t h e f a c t t h a t most o f t h e B e d o u i n 

i n E l - M a r j P l a i n a p p e a r s e t t l e d a t t h e p r e s e n t t i m e , t h e 

m a j o r i t y s t i l l l o o k t o l i v e s t o c k r a t h e r t h a n s e t t l e d 

a g r i c u l t u r e a s t h e i r p r i n c i p a l s o u r c e o f income. B a r l e y and 

wheat a r e t h e main c r o p s , s u p p l e m e n t e d by f r u i t and v e g e t a b l e s . 

Most o f t h e f r u i t t r e e s p l a n t e d by t h e I t a l i a n s h ave d i e d 

b e c a u s e o f n e g l e c t . T h i s i s due t o t h e f a c t t h a t t h e l o c a l 

B e d o u i n p o p u l a t i o n i s a l m o s t t o t a l l y i g n o r a n t o f t he t e c h n i q u e s 

i n v o l v e d and w o r s e , h a s n o t y e t l e a r n t t h a t o r c h a r d i n g and h e r d ­

i n g a r e m u t u a l l y e x c l u s i v e . 

However, t h e B e d o u i n o f E l - M a r j P l a i n who s e t t l e d i n 

th e f o r m e r E n t e f a r m s a r e i n a t r a n s i t i o n s t a g e . I t i s n o t 

e a s y to change t h e l i v e s t o c k h e r d e r i n t o a s e t t l e d f a r m e r . 

T h i s w i l l t a k e t i m e , e f f o r t and l a r g e i n v e s t m e n t . F o r t u n a t e l y 
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t h e s e d e n t a r y B e d o u i n a r e r e a l i s i n g t h e i m p o r t a n c e o f 

s e t t l i n g down and t h e y have a l r e a d y s t a r t e d m e c h a n i z i n g 

t h e i r f a r m i n g and p l a n t i n g f r u i t t r e e s . The e s t a b l i s h m e n t 

o f t h e N a t i o n a l A g r i c u l t u r a l S e t t l e m e n t A u t h o r i t y i s a 

l a r g e s t e p t o w a r d s t h e a g r i c u l t u r a l development and 

s e t t l e m e n t o f the B e d o u i n . B e c a u s e o f t h i s i n t e r e s t i n g 

s i t u a t i o n o f t r a n s i t i o n and u n e x p l o i t e d p o t e n t i a l and t h e 

q u e s t i o n o f t o what e x t e n t i t c a n c o n t r i b u t e t o t h e 

economic development o f t h e c o u n t r y , t h i s r e g i o n a p p e a r e d 

w o r t h y o f s t u d y e v e n on t h e b a s i s o f t e n t a t i v e p i o n e e r i n g 

work. The t h e s i s i s d i v i d e d i n t o t h r e e p a r t s . P a r t I 

i s c o n c e r n e d w i t h t h e p h y s i c a l e n v i r o n m e n t i , e , r e l i e f and 

l a n d f o r m s , g e o l o g y , c l i m a t e , v e g e t a t i o n , s o i l s and w a t e r 

r e s o u r c e s . F o r t h e c h a p t e r on g e o l o g y i t h a s b e e n p o s s i b l e 

t o o b t a i n f o r t h e f i r s t t i me an a c c u r a t e a c c o u n t o f t h e 

g e o l o g i c a l s t r u c t u r e . The f i r s t d e t a i l e d s t r u c t u r a l map 

o f t h e n o r t h e a s t e r n C y r e n a i c a i s r e p r o d u c e d and t h e most 

r e c e n t L i b y a n g e o l o g i c a l map ( 1 9 6 ^ ) i s t a k e n a s a b a s i s 

f o r t h e g e o l o g y o f the r e g i o n . 

B e c a u s e d a t a on t h e s o i l s o f E l - M a r j P l a i n and 

C y r e n a i c a a r e s c a n t y and s c a t t e r e d , t h e a u t h o r c o l l e c t e d 

s o i l s a m p l e s from, t h e P l a i n and t h e s e form t h e b a s i s f o r 

t h e c h a p t e r on s o i l s . 

P a r t I I d e a l s w i t h s e d e n t a r y a g r i c u l t u r e , " l i v e s t o c k , 

s h i f t i n g c u l t i v a t i o n and nomadism. I t was found c o n v e n i e n t 
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t o s t a r t t h i s p a r t w i t h a n o t e on t h e h i s t o r i c a l b a c k g r o u n d 

s t r e s s i n g t h e e v a l u a t i o n o f the l a n d by p e o p l e t h r o u g h 

h i s t o r y . At t h e end o f t h i s s e c t i o n a d i s c u s s i o n on the r o l e 

o f t h e N a t i o n a l A g r i c u l t u r a l S e t t l e m e n t A u t h o r i t y f o l l o w s 

t h e d e t a i l e d a c c o u n t s o f the a g r i c u l t u r a l p a t t e r n o f t h e 

r e g i o n . The a c t i v i t i e s o f t he o r g a n i s a t i o n a r e v i t a l and 

t h e a g r i c u l t u r a l development i n C y r e n a i c a w i l l depend on t h e 

s u c c e s s o f t h i s O r g a n i s a t i o n . 

P a r t I I I d e a l s w i t h t h r e e t o p i c s : t h e b a c k g r o u n d 

o f s o c i a l o r g a n i s a t i o n , p o p u l a t i o n and s e t t l e m e n t . The 

Ch a p t e r on t h e b a c k g r o u n d o f s o c i a l o r g a n i s a t i o n d e a l s w i t h 

t h e r a c i a l e l e m e n t s and t h e t r i b a l s t r u c t u r e . As t h e t r i b e 

i s t h e c o r n e r s t o n e o f C y r e n a i c a n a d m i n i s t r a t i v e u n i t y , i t was 

f e l t n e c e s s a r y to d i s c u s s t h e a d m i n i s t r a t i v e s y s t e m a t t h e 

end o f t h i s C h a p t e r . The C h a p t e r on p o p u l a t i o n i s an a t t e m p t 

to e v a l u a t e t h e Demographic p o s i t i o n o f E l - M a r j P l a i n and 

C y r e n a i c a i n t h e l i g h t o f t h e r e c e n t c e n s u s e s i n c l u d i n g 

t h e p r e l i m i n a r y r e s u l t s o f t h e 1 9 6 4 c e n s u s . G e n e r a l o u t l i n e s 

on e d u c a t i o n , h e a l t h and l i v i n g s t a n d a r d s a r e i n c l u d e d . The 

/ C h a p t e r on s e t t l e m e n t d e a l s w i t h t y p e s o f h o u s i n g , the u r b a n 

c e n t r e o f E l - M a r j and t h e m a i n v i l l a g e s . An a c c o u n t o f t h e 

e a r t h q u a k e t h a t s t r u c k t h e r e g i o n i n 1 9 6 3 c a u s i n g damage to 

the o l d town o f E l - M a r j must be c o n s i d e r e d i n t h e t h e s i s 

b e c a u s e o f t h e i m p l i c a t i o n s f o r t h e development o f a new 

town o f E l - M a r j to r e p l a c e the one a l m o s t c o m p l e t e l y d e s t r o y e d . 

T h i s c e n t r a l u r b a n c e n t r e i s o f g r e a t s i g n i f i c a n c e t o t h e 
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development o f t h e P l a i n . 

O i l h a s a g r e a t i m p a c t on the economic and s o c i a l 

l i f e and, t h e r e f o r e , a s h o r t e x a m i n a t i o n o f t h e s o c i a l 

c h anges o c c u r r i n g a t p r e s e n t i n L i b y a and t h e F i v e - Y e a r P l a n 

i s i n c l u d e d . E a c h C h a p t e r c o n c l u d e s w i t h a summary and 

c o n c l u s i o n and a g e n e r a l c o n c l u s i o n i s p r e s e n t e d a t t h e end 

o f t h e t h e s i s • 

The names o f t h e towns, v i l l a g e s and l o c a l i t i e s 

a r e s p e l l e d a c c o r d i n g t o t h e C y r e n a i c a n p r a c t i c e and 

c o r r e s p o n d i n g t o t h e u s a g e o f t h e A m e r i c a n B o a r d on 

G e o g r a p h i c a l names i n L i b y a * s new t o p o g r a p h i c a l map 

1 2 , 0 0 0 , 0 0 0 . 

As t h e s t a t i s t i c s and t h e a d m i n i s t r a t i v e b o u n d a r i e s 

do n o t c o r r e s p o n d w i t h E l - M a r j P l a i n on many o c c a s i o n s , i t 

was found n e c e s s a r y t o d e a l w i t h t h e a d j a c e n t a r e a s i . e . t h e 

c o a s t a l p l a i n , and t h e h i g h J e b e l i n t h e immediate v i c i n i t y 

o f E l - M a r j P l a i n . T h i s i s i m p o r t a n t b e c a u s e i t shows t h e 

economic s i g n i f i c a n c e o f E l - M a r j P l a i n to s u r r o u n d i n g a r e a s . 

A c o m p a r i s o n between E l - M a r j P l a i n and o t h e r r e g i o n s i n 

C y r B n a i c a and L i b y a i s i n c l u d e d . A c o m p a r i s o n between L i b y a 

and o t h e r c o u n t r i e s was a l s o t a k e n i n t o c o n s i d e r a t i o n . 

A t t h e time t h i s work i s p r e s e n t e d , L i b y a w i t n e s s e s , economic 

and s o c i a l c hanges due i n p a r t i c u l a r to o i l p r o d u c t i o n and 

a l s o a s p a r t o f a c h a n g i n g w o r l d . I t i s s i n c e r e l y to be 

hoped t h a t t h e c o u n t r y w i l l e x p l o i t i t s new r e s o u r c e i n t h e 

p r o p e r way and f o r b e t t e r l i v i n g s t a n d a r d s f o r t h e whole n a t i o n 



-13-

REFERENCES 

( l ) Rowland, F . & Robb, E . , ( l 9 ^ 5 ) " S u r v e y o f Land 
R e a u u r c e s i n T r i p o l i t a n i a " 

B r i t i s h M i l i t a r y A d m i n i s t r a t i o n 
T r i p o l i . 

( 2 ) H i g g i n s , B., ( l 9 5 9 ) j "Economic Development P r o b l e m s , 
P r i n c i p l e s and P o l i c i e s , 
London, p . 2 9 . 



-14-

PART ONE 



C h a p t e r I 

R e l i e f and L a n d Forms 

I n t r o d u c t i o n 

The main t o p o g r a p h i c a l f e a t u r e s o f n o r t h e r n 

C y r e n a i c a a r e shown i n F i g u r e 2 . As c a n be s e e n from t h e 

i n s e t , t h i s i s a r e g i o n o f g e n e r a l l y s i m p l e r e l i e f . The 

o n l y l a r g e a r e a o f h i g h ground i s t h a t w h i c h o c c u p i e s t h e 

most n o r t h e r l y p a r t o f t h e t e r r i t o r y , and w h i c h i s known 

as t h e J e b e l Akhdar o r "Green M ountain"; t h i s i s , i n d e e d , 

t h e o n l y l a r g e a r e a o f h i g h ground w h i c h o c c u r s b etween 

Horns i n T r i p o l i t a n i a and Mount C a r m e l i n P a l e s t i n e . 

N o r t h e r n C y r e n a i c a may be d i v i d e d i n t o two main 

r e l i e f r e g i o n s , t h e J e b e l and t h e c o a s t a l p l a i n . The l a t t e r i s 

now u s u a l l y r e f e r r e d to by i t s A r a b i c name, t h e S a h e l , 

though some I t a l i a n w r i t e r s know i t a s - l o w e r t e r r a c e . 

The J e b e l i s a l a r g e and i s o l a t e d a r e a o f h i g h 

ground about 2 5 0 kms. l o n g from e a s t to w e s t . The c r e s t -

l i n e o f t h e J e b e l , r i s i n g i n p l a c e s to o v e r 8 0 0 m. above 

s e a - l e v e l , l i e s to tiie n o r t h , a l w a y s w i t h i n 5 0 Kms. o f t h e 

c o a s t . To t h e s o u t h o f t h i s c r e s t - l i n e t h e ground f a l l s 

v e r y g r a d u a l l y t o w a r d s t h e d e p r e s s i o n s c o n t a i n i n g t h e o a s e s 

o f Marada, A l - J a g h b u b and S i u a . To t h e e a s t t h e r e i s a 

s i m i l a r l y g e n t l e g r a d i e n t . N o r t h w a r d s and w e s t w a r d s , 

however, t h e J e b e l i s l i m i t e d by a b r u p t s l o p e s i n t h e form 

o f two s u c c e s s i v e e s c a r p m e n t s . Between t h e s e e s c a r p m e n t s 
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l i e s a s t r i p o f c o u n t r y w i t h g e n t l e s l o p e s ; t h i s w i l l be 
r e f e r r e d t o a s t h e "upper t e r r a c e " . I t s w i d t h i s v a r i a b l e 
w i t h a maximum o f o v e r 2 5 Kms. i n W e s t e r n C y r e n a i c a and 
a minimum o f 3 Kms. b e h i n d L a t h r u n . A t t h e s o u t h - w e s t e r n 
end o f t h e t e r r a c e " k a r s t " e r o s i o n h a s p r e d o m i n a t e d and 
h a s a d v a n c e d so f a r a s t o c r e a t e a s e r i e s o f i n l a n d 
d r a i n a g e b a s i n s ; t h e s e , w i t h t h e i r t h i c k d e p o s i t s o f T e r r a 
R o s s a , form t h e f e r t i l e p l a i n s o f E l - M a r j ( B a r c e ) , S i l i n a 
and E l - A b i a r ("Vide F i g . 3,) . 

The S a h e l i s a. n a r r o w and o f t e n d i s c o n t i n u o u s 

c o a s t a l p l a i n o f t r i a n g u l a r form w h i c h r u n s from t h e G u l f 

o f S i r t e t o t h e G u l f o f Bomba. I n p l a c e s i t i s o n l y a few 

h u n d r e d m e t r e s wide where t h e c o a s t a l , o r t h e f i r s t 

e s c a r p m e n t a p p r o a c h e s t h e s e a . I t r e a c h e s i t s maximum 

w i d t h 6 0 Kms. a t a p o i n t 5 5 Kms. s o u t h o f B e n g h a z i . The 

S a h e l a s f a r a s T o c r a i s b o r d e r e d a l o n g t h e c o a s t by 

numerous s a l t - p a n s f e d by t h e s e a . 

The S a h e l 

The c o a s t a l p l a i n a s f a r a s R a s Aamer h a s a 

s i m p l e t o pography, t h e S a h e l and t h e e s c a r p m e n t t o g e t h e r 

f o r m i n g a smooth c o n c a v e s u r f a c e morphology. Between R a s 

Aamer and R a s Hamfflanthe c o a s t h a s a number o f i n l e t s a t t h e 

mouths o f t h e w a d i s o f Giargarummah, E l - L a u l a b and 

Habbun. A c c o r d i n g to D e s i o ^ ^ , i t a p p e a r s t h a t m a r i n e 

e r o s i o n h a s l a r g e l y d e t e r m i n e d t h e form o f t h e s e i n l e t s . 
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A l o n g t h e n a r r o w s t r i p o f l a n d b etween t h e e s c a r p m e n t and 

t h e s e a a number o f s m a l l d e p r e s s i o n s o c c u r , some o f w h i c h 

c o n t a i n w a t e r . The w a d i s d e s c e n d i n g from t h e f i r s t 

e s c a r p m e n t f l o w i n t o t h e s e d e p r e s s i o n s and n e v e r r e a c h 

t h e s e a . 

Between B i r E l - A g l a and S a h e l El-Mneifcir t h e 

e s c a r p m e n t r e a c h e s t h e s e a and t h e c o a s t a l p l a i n c o m p l e t e l y 

d i s a p p e a r s , b e i n g r e p l a c e d by a w e l l marked c l i f f - l i n e . 

From S a h e l E l - M n e i t i r to t h e e a s t o f T u l m e i t h a - a d i s t a n c e 

o f 1 2 Kms. - a n a r r o w c o a s t a l s t r i p e x i s t s w h i c h nowhere 

e x c e e d s 5 0 0 m. i n w i d t h . I m m e d i a t e l y e a s t o f T u l m e i t h a 
( 2 ) 

t h e r e a r e two s m a l l i s l a n d s w h i c h D e s i o v ' b e l i e v e s 

t o r e p r e s e n t submerged c o n s o l i d a t e d d unes. The c o a s t a l 

p l a i n g r a d u a l l y i n c r e a s e s i n w i d t h w e s t w a r d from h a l f a 

k i l o m e t e r a t R a s T u l m e i t h a to two k i l o m e t e r s a t T u l m e i t h a , 

f o u r a t T o c r a and 1 8 a t B e n g h a z i . 
As f a r a s t h i s p a r t o f t h e C y r e n a i c a n c o a s t i s 

c o n c e r n e d no good h a r b o u r s e x i s t and few u s a b l e c o v e s h a v e 
( 3 ) 

b e e n formed by r e c e n t c o a s t a l submergence . To t h e s o u t h 

o f T o c r a t h e r e i s a c o r d o n o f low c o a s t a l dunes w h i c h v a r y 

i n h e i g h t from 3 to 1 0 m. T h e y form a l o n g b a r r i e r 

p a r a l l e l t o t h e s e a s h o r e s e p a r a t i n g a s t r i p o f low l a n d 

and s a l t - p a n s c a l l e d S e b k h a s , t h e s e l y i n g about 1 m e t e r 

below s e a - l e v e l . The i n l a n d l i m i t o f t h e s e b k h a s c o i n c i d e s 

w i t h t h e l i m i t o f t h e c o a s t a l p l a i n . The t h r e e main 
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s e b k h a s from t h e n o r t h to t h e s o u t h a r e B u - G i a r r a r , 

iBe.r.S:i.s- and E l - C u z . I t seems t h a t t h e s e b k h a s have b e e n 

formed by s e a w a t e r s e e p i n g i n l a n d . The dunes a r e a 

p r o d u c t o f w i n d and wave a c t i o n t o g e t h e r w i t h a g r a d u a l 

submergence. To t h e s o u t h o f D e r i a n a t h e s e b k h a s d i s a p p e a r , 

to r e a p p e a r i n t h e a r e a o f S i d i K h a l i f a , n o r t h o f B e n g h a z i . 

The c o n s o l i d a t e d d u n e - d e p o s i t s o c c a s i o n a l l y form 

a g e n t l y u n d u l a t i n g s u r f a c e o f g r e a t e x t e n t a l o n g t h e c o a s t 

b etween T o c r a and T u l m e i t h a . They a l s o form c h a i n s o f h i l l s 

r i s i n g to c o n s i d e r a b l e h e i g h t s . A l l u v i a l f a n s c o v e r 

c e r t a i n l a r g e a r e a s o f ground and a t t a i n g r e a t t h i c k n e s s e s 

p a r t i c u l a r l y a t t h e f o o t o f t h e e s c a r p m e n t . 

Between T u l m e i t h a and B a n i n a a s t e p i n t e r r u p t s 

t h e r e g u l a r i t y o f t h e g r a d i e n t o f t h e c o a s t a l p l a i n . I t 

l i e s 18 Kms. e a s t o f B e n g h a z i , i m m e d i a t e l y to t h e w e s t o f 

t h e v i l l a g e o f B e n i n a . The s t e p r u n s from n o r t h t o s o u t h 

and, though h a r d l y a c o n s p i c u o u s f e a t u r e , i t e x t e n d s f o r a 

d i s t a n c e o f about 1 0 Kms. At i t s e x t r e m i t i e s i t becomes 

more g e n t l e i n g r a d i e n t and merges i n t o t h e s u r r o u n d i n g 

c o u n t r y . The f o o t o f t h e s t e p m a i n t a i n s an a l t i t u d e o f 

about 9 0 m. above s e a - l e v e l , w h i l e i t s c r e s H i n e l i e s 

b e t w e e n 1 0 0 m . and 1 2 0 m . 

The c o a s t a l p l a i n b etween T u l m e i t h a and B e n g h a z i 

h a s a t r i a n g u l a r form, and s o u t h w a r d s merges i n t o t h e open 

wide r e g i o n o f S i r t e . The p l a i n h a s a c h a r a c t e r i s t i c a l l y 
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g e n t l e g r a d i e n t , and t h e c o n t o u r - l i n e s show a r e m a r k a b l y 

e v e n s p a c i n g . The s u r f a c e o f t h e c o a s t a l p l a i n i s m a i n l y 

composed o f s o l i d T e r t i a r y l i m e s t o n e s . S m a l l w a d i 

f u r r o w s have i n c i s e d t h e m s e l v e s i n t o t h e s u r f a c e o f t h e 

S a h e l b u t t h e s e g e n e r a l l y t e n d to d i s a p p e a r t o t h e s o u t h 

o f T o c r a b e f o r e r e a c h i n g t h e s e a . O n l y two o f t h e s e f l o w 

i n t o t h e s e a . T h e s e w a d i s and w a di s y s t e m s w i l l be d e a l t 

w i t h u n d e r a s e p a r a t e s u b t i t l e i n t h i s c h a p t e r . The T e r r a 

R o s s a w h i c h c o v e r s a l a r g e a r e a o f t h e S a h e l i s mixed 

w i t h many r o c k f r a g m e n t s , and o n l y s c a t t e r e d p a t c h e s a r e 

s u i t a b l e f o r a g r i c u l t u r e . 

The f i r s t o r l o w e r e s c a r p m e n t and i t s t e r r a c e s 

The c r e s t o f t h e f i r s t e s c a r p m e n t comes i n t o 

e x i s t e n c e n o r t h o f A n t e l a t . The s c a r p f o o t l i e s a t an 

a l t i t u d e b etween 1 5 0 and 180 m. above s e a - l e v e l , and i t 

r u n s i n a n o r t h - e a s t e r l y d i r e c t i o n t o j u s t s o u t h o f 

T u l m e i t h a . The e s c a r p m e n t i n t h i s p a r t h a s a s t e e p 

a v e r a g e g r a d i e n t , b u t t h i s becomes more g e n t l e f u r t h e r 

to t h e n o r t h - e a s t . A l o n g i t s e n t i r e c o u r s e , however, t h e 

e s c a r p m e n t h a s a c l e a r l y marked l o w e r l i m i t l y i n g a l w a y s 

b e tween 1 5 0 and ^OOm. The l e v e l o f t h e c u e s t o f t h e 

e s c a r p m e n t i s somewhat v a r i a b l e . I t i s 29km. a t B a c u r 

R e s t House and 3 0 0 m . above s e a - l e v e l a t T u l m e i t h a ( V i d e 

F i g . No.h and P l a t e l a ) . The c o n t i n u i t y o f t h e e s c a r p m e n t 
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P l a t e 1 ( A ) - Wadi Ba.cur emerging from t h e f i r s t e s c a r p m e n t 
t o w a r d s t h e S a h e l (The c o a s t a l P l a i n ) . 

P l a t e l ( s ) - E l - M a r j P l a i n l o o k i n g n o r t h w a r d s from t h e s e c o n d 
e s c a r p m e n t . Note E l - G h a r i q on t he r i g h t and E l -
Mar j town i n the b a c k g r o u n d . 
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i s b r o k e n a t f r e q u e n t i n t e r v a l s by deep g o r g e s . To t h e 

w e s t o f T u l m e i t h a r e m n a n t s o f two w e l l d e v e l o p e d t e r r a c e s 

c a n be d i s t i n g u i s h e d . The l o w e r o f t h e two i n d i c a t e s a 
( k) 

s h o r e l i n e o f an a p p r o x i m a t e l e v e l o f 20m: ' One k i l o m e t e r 

e a s t o f t h e town i n t h e b a n k s o f Wadi Z u i a n a a w a v e - c u t 

p l a t f o r m w i t h b e a c h - d e p o s i t s c a n be t r a c e d u p s t r e a m from 

t h e modern s h o r e l i n e . A l l o f t h e s e f e a t u r e s a r e c o m p l e t e l y 

b u r i e d b e n e a t h a l l u v i u m and c o n s o l i d a t e d dunes (6.4m. 

above s e a - l e v e l , a t t h e f o o t o f a low c l i f f ) . V " V F u r t h e r 

u p s t r e a m a s e c o n d b e a c h - d e p o s i t e x i s t s , b u r i e d b e n e a t h 

a l l u v i u m b u t r e s t i n g on b e d r o c k a t an a l t i t u d e o f 33 m -

W i t h i n 15 Kms. e a s t o f T u l m e i t h a t h e g r a d i e n t 

b e g i n s t o d e c r e a s e and t e r r a c e s a r e v i s i b l e . E a s t o f S a h e l 

E l - M n e i t i r t h e e s c a r p m o n t r e s u m e s i t s n o r m a l form a s f a r a s 

Meghiunes (19 Kms. w e s t o f Wadi G i a r g a r u m m a h ) . I t i s 

e x t r e m e l y s t e e p and a p p a r e n t l y w i t h o u t t e r r a c e s . J u s t e a s t 

o f MegbLunes t h e r e i s a zone o f l a n d s l i p s . From h e r e 

e a s t w a r d s to a p o i n t 6 k i l o m e t e r s w e s t o f Wadi Giargarummah 

t h e r e i s a w e l l marked c l i f f l i n e , w h i c h r e p r e s e n t s t h e 

w hole o f t h e e s c a r p m e n t . The r e m a i n d e r o f t h e e s c a r p m e n t 

a s f a r a s 15 Kms. w e s t o f R a s Aamer, becomes l o w e r and l e s s 

s t e e p and seems to h a v e undergone c o n s i d e r a b l e s u b a e r i a l 

e r o s i o n . 

I n t h e v i c i n i t y o f Wadi Giargarummah t h e top o f 
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t h e e s c a r p m e n t d e s c e n d s a l m o s t to s e a - l e v e l . Near i t s 

f o o t i s a c o n t i n o u s l i n e o f b e a c h c o n g l o m e r a t e w h i c h , from 

s e c t i o n s i n t h e s i d e s o f t h e w a d i , c a n be s e e n to r e s t upon 

a n a r r o w p l a t f o r m whose i n l a n d edge s t a n d s a t 6.5m. To 

t h e e a s t o f t h i s p o i n t t h e h e i g h t a g a i n r i s e s g r a d u a l l y 

t o w a r d s A p o l l o n i a r e a c h i n g a maximum i n t h e zone o f R a s 

E l - H i l a l (551m. above s e a - l e v e l ) and t h e n d e s c e n d i n g 

t o w a r d s D e r n a where t h e s u r f a c e o f t h e e s c a r p m e n t l i e s a t 

about 250m. From D e r n a towards jthe G u l f o f Bomba, t h e h e i g h t 

s l o w l y d i m i n i s h e s u n t i l r e a c h i n g a l m o s t s e a - l e v e l n e a r t h e 

l i g h t h o u s e o f R a s E t - T i n . The e s c a r p m e n t a s a whole i s 

o f g r e a t l e n g t h , r u n n i n g f o r about kOO Kms. 

The Upper T e r r a c e 

The u p p e r t e r r a c e becomes a pronouroed f e a t u r e 

o n l y i n t h e a r e a where t h e J e b e l edge i s b r o k e n i n t o 

two e s c a r p m e n t s , a n d i t s s u r f a c e i s n o t h o r i z o n t a l 

b u t u n d u l a t i n g , d i p p i n g from n o r t h to s o u t h . 

On ihe t e r r a c e i s a l i n e o f d e p r e s s i o n s w h i c h a r e 

r e p r e s e n t e d by a s e r i e s o f b a s i n s a l o n g t h e f o o t o f t h e 

s e c o n d e s c a r p m e n t . T h e y a r e s e p a r a t e d from t h e edge o f 

t h e f i r s t e s c a r p m e n t by a zone o f r e g u l a r r o u n d e d r e l i e f . 

The f o l l o w i n g d a t a r,efear t o t h e s e g e o m o r p h o l o g i c a l 

f e a t u r e s , i n m e t r e s , above s e a - l e v e l . 



Zone 
Edge o f t h e 
f i r s t e s c a r p ­

ment . 
C r e s t B a s i n s 

Edge o f the 
s e c o n d e s c a r p ­

ment 

E l - R e g i m a 280 320 220 koo 

E l - A b i a r 220 370 260 k60 

E l - M a r j 300 370 276 hko 

To t h e e a s t o f E l - M a r j t h e u n d u l a t i o n s o f t h e 

up p e r t e r r a c e t r e n d from n o r t h and s o u t h l o n g i t u d i n a l l y . 

T h e s e u n d u l a t i o n s c e a s e g r a d u a l l y . I n t h e E l - F a h a g a a r e a 

( 2 4 Kms. n o r t h e a s t o f E l - M a r j ) t h e r e a r e p a r a l l e l b a s i n s 

and o t h e r r i d g e s a l i g n e d p a r a l l e l to them. However, t h e 

u n d u l a t i o n s o f t h e t e r r a c e b e g i n i n t h e s o u t h - w e s t e r n p o r t i o n . 

The a l t i t u d e i n c r e a s e s t o w a r d s t h e n o r t h r e a c h i n g a maximum 

of 4l7m. above s e a - l e v e l a t G a s r E l - R i a h ( 12 Kms. n o r t h 

o f E l - A b i a r ) . T h e y d e c l i n e r a p i d l y to 36O m. t o w a r d s t h e 

n o r t h - e a s t . The a l t i t u d e i n c r e a s e s a g a i n t o 393m. a t Bu 

Z u e i t i n a (11 Kms. n o r t h o f E l - M a r j ) and to 403m. a t S i d i 

I s m a i l ( 8 Kms. w e s t of' B a t t a ) . I t t h e n d e s c e n d s to s e a - l e v e l . 

To t h e e a s t o f B i r E l - A g l a t h e u p p e r t e r r a c e does n o t 

r e p r e s e n t an a r e a o f m a r g i n a l r e l i e f . To t h e e a s t o f B i r 

E l - A g l a t h e s u r f a c e o f t h e t e r r a c e i s d i s s e c t e d by 

numerous w a d i s . At t h i s p o i n t i t seems t h a t i t i s made up 

o f two s t e p s . However, i t d i p s t o w a r d s t h e s e a and s t a r t s 

a g a i n a t t h e gorge o f Wadi Giargarummah where t h e a l t i t u d e 
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i n c r e a s e s t o w a r d s t h e e a s t . The f o l l o w i n g d a t a r e p r e s e n t 

t h e m a r g i n a l edge o f t h e t e r r a c e i n m e t r e s , above 

s e a - l e v e l : -

Minimum h e i g h t s 
o f t h e l o w e r 
l i m i t o f t h e 
uppe r t e r r a c e . 

Maximum h e i g h t s 
o f u p p e r l i m i t 
o f t h e u p p e r 
t e r r a c e . 

S o u t h o f E l - H a n i a 90 350 
i i it R a s El-Hamman 150 390 
i i it R a s Aamer 200 420 
I I it Gorge o f W . 220 450 

G i argarummah 
it it A p o l l o n i a 300 490 
n I I R a s E l - H i l a l 400 5 4 0 

The Second o r t h e Upper E s c a r p m e n t 

The s e c o n d e s c a r p m e n t m a i n t a i n s a l e s s d i s t i n c t 

i n d i v i d u a l i t y t h a n t h e f i r s t , and i s much l e s s e x t e n s i v e . 

Towards t h e s o u t h - w e s t i t b e g i n s about l 0 Kms. s o u t h o f 

E l - A b i a r where s u b - a e r i a l e r o s i o n h a s b e e n p a r t i c u l a r l y 

i n t e n s i v e ^ ^ and r u n s p a r a l l e l to t h e f i r s t w i t h a s c a r p 

w h i c h i n i t i a l l y does n o t e x c e e d 100m. i n h e i g h t . 

The h e i g h t o f t h e edge o f t h e e s c a r p m e n t r i s e s 

to 401m. above s e a - l e v e l a t E l - A b i a r r i s i n g to 450m e a s t 

o f Got S i l i n a . The d i r e c t i o n o f t h e e s c a r p m e n t i n t h i s zone 
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to Got S i l i n a i s n o r t h - s o u t h , t h e n c u r v i n g t o w a r d s t h e 

n o r t h - e a s t . I t d e c l i n e s to t h e s o u t h o f E l - M a r j to 

430-420m. The d i f f e r e n c e h e r e b e t w e e n t h e two s u r f a c e s o f 

th e e s c a r p m e n t s i s about 120m. The e s c a r p m e n t c o n t i n u e s 

i n a n o r t h - e a s t e r l y d i r e c t i o n a t a r o u n d t h e same a l t i t u d e 

u n t i l E l u e t S u l t a n a where i t d e c l i n e s g r a d u a l l y to 

360m. and a d v a n c e s t o t h e s e a to a p o i n t o n l y 8 Kms. from 

t h e s e a s h o r e . T h e r e i s an i n t e r m e d i a t e t e r r a c e i n t h i s zone 

a t a n a l t i t u d e o f bet w e e n 215 and 220m. The d i f f e r e n c e h e r e 

b e t w e e n t h e two e s c a r p m e n t s i s about 150m. At R a s E l - H i l a l 

where t h e e l e v a t i o n s o f t h e c o a s t a l e s c a r p m e n t i n c r e a s e s , 

t h e maximum h e i g h t o f t h e s e c o n d e s c a r p m e n t i s a l s o to be 

found, (670m.). The s e c o n d e s c a r p m e n t l o s e s i t s own 

i n d i v i d u a l i t y i n t h e zone d i s s e c t e d by t h e a f f l u e n t s o f 

W. En-Naga. I t e x t e n d s to Martuba (200-250m.), t h e n i t 

d e s c e n d s to t h e d e p r e s s i o n s o f G u l f o f Bomba where i t ends 

w i t h an a b r u p t p e r p e n d i c u l a r f a l l b e f o r e d y i n g out t o w a r d s 

t h e s o u t h . 

The s u r f a c e o f t h e s e c o n d e s c a r p m e n t w h i c h e x t e n d s 

from t h e edge o f t h e h i g h J e b e l i s d i s s i m i l a r :t o . t h a t 

o f t h e f i r s t . To t h e e a s t o f E l - M a r j and on b o t h s i d e s o f 

Wadi Caab t h e r e a r e u n d u l a t i n g p l a t f o r m s a t an a l t i t u d e 

v a r y i n g between k20-h30m. and e x t e n d i n g t o 6,7 Kms. from 

th e top o f t h e e s c a r p m e n t t o w a r d s t h e i n t e r i o r . T h e s e 

edges c o n t i n u e a t t h e same a l t i t u d e u n t i l t h e y r e a c h t h e 



gorge o f Wadi Giargarununah. Then t h e y r i s e g r a d u a l l y 

to 510-520m. n e a r Messa, to 670-680m. i n t h e v i c i n i t y o f 

E l - B e i d a and to 670-680m. a t Z a w i y a t T e r t ( 6 0 Kms. w e s t 

o f D e r n a ) where they t a k e a d i r e c t i o n t o w a r d s t h e i n t e r i o r . 

The H i g h J e b e l 

A l t h o u g h d i s s e c t e d by w a d i s t h e h i g h e r p a r t o f 

t h e J e b e l , above t h e s e c o n d e s c a r p m e n t , i s an a r e a o f 

g e n e r a l l y low r e l i e f and monotonous a p p e a r a n c e . I t c o n s i s t s 

e s s e n t i a l l y o f g e n t l e s l o p e s f a l l i n g away on e i t h e r s i d e 

o f a c r e s t - l i n e w h i c h , though v e r y i l l - d e f i n e d , r u n s r o u g h l y 

from w e s t - s o u t h - w e s t to e a s t - n o r t h - e a s t , a l w a y s w i t h i n 

25 Kms. o f t h e e s c a r p m e n t . S o u t h o f t h e c r e s t - l i n e t h e s e 

s l o p e s c o n t i n u e i n t o t h e d i p s l o p e w h i c h e x t e n d s downwards, 

a p p a r e n t l y w i t h o u t a b r e a k , a s f a r a s t h e o a s e s d e p r e s s i o n s . 

On t h e n o r t h s i d e t h e s l o p e s o f t h e h i g h J e b e l , u n t i l 

t r u n c a t e d by t h e e s c a r p m e n t i t s e l f , a r e b r o k e n by one minor 

i n t e r r u p t i o n . 

I n s p i t e o f i t s low r e l i e f t h e a r e a a s a whole 

shows c o n s i d e r a b l e v a r i a t i o n s o f a l t i t u d e . T h e r e a r e two 

main a r e a s o f c u l m i n a t i o n d i v i d e d by a s a d d l e . The h i g h e r 

o f t h e two l i e s t o t h e s o u t h o f C y r e n e and i n c l u d e s t h e 

h i g h e s t p o i n t o f t h e J e b e l , 882m. above s e a - l e v e l . The 

o t h e r l i e s to t h e s o u t h o f E l - M a r j , and r e a c h e s a maximum 

o f 676m. n e a r J a r d a s E l - A b i d , w h i l s t t h e s a d d l e ( s i t u a t e d 

i n t h e v i c i n i t y o f T a c n i s ) i s a t an a l t i t u d e o f between 



400 and 500m. 

The O r i g i n o f t h e e s c a r p m e n t s and t e r r a c e s 

A t t e m p t s to e x p l a i n t h e e s c a r p m e n t s o f n o r t h e r n 

C y r e n a i c a a r e s t i l l u n d e r d e b a t e . The t h r e e h y p o t h e s e s 

a r e : -

1. d i f f e r e n t i a l e r o s i o n , 

2. f a u l t s c a r p s , 

3. m a r i n e e r o s i o n . 

The t h e o r i e s u s e d to e x p l a i n t h e e s c a r p m e n t s now a g r e e 

t h a t n e i t h e r c a n be a s c r i b e d to d i f f e r e n t i a l e r o s i o n , 

s i n c e b o t h a r e ciut i n r o c k s o f v a r y i n g a g e s , d i p s and 

p h y s i c a l p r o p e r t i e s . T h i s , however, h a s l e f t room f o r 

t h e two a l t e r n a t i v e h y p o t h e s e s : -

1. T h a t t h e e s c a r p m e n t s c o u l d more p r o b a b l y be a s c r i b e 
( 7 ) 

to f a u l t i n g o r a b r u p t f o l d i n g ( S p r a t t v , 

G r e g o r y ^ ^ and D e s i o ^ ^ ) . 

2. T h a t b o t h might be w a v e - c u t c l i f f s , formed d u r i n g 

p a u s e s i n t h e o r i g i n a l u p l i f t o f t h e J e b e l 

( M a r i n e l l i ^ 1 0 ) , A h l m a n ^ 1 1 ^ , and S t e f a n i n i ^ 1 2 ^ ) . 

M a r i n e e r o s i o n , i n D e s i o ' s v i e w , h a s b e e n 

c o n f i n e d to c e r t a i n p a r t s o f t h e c o a s t a l p l a i n ( T o c r a a r e a 
and R a s Aamer) and ha<s n o t p l a y e d an i m p o r t a n t p a r t . 

( 1 3 ) 

However, Hey v i n h i s r e c e n t s t u d y on t h e P l e i s t o c e n e 

d e p o s i t s on n o r t h e r n C y r e n a i c a f i n d s s t r o n g e v i d e n c e i n 

s u p p o r t o f t h e i m p o r t a n c e o f m a r i n e e r o s i o n . 
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A c c o r d i n g to Hey v ' t h e e n t i r e c o a s t a l p l a i n 

was formed by m a r i n e e r o s i o n w i t h t h e p l a i n and t h e l o w e r 

e s c a r p m e n t r e p r e s e n t i n g r e s p e c t i v e l y a w a v e - c u t p l a t f o r m 

and i t s a s s o c i a t e d c l i f f - l i n e , b o t h f e a t u r e s formed d u r i n g 

a s i n g l e p e r i o d o f h i g h s e a - l e v e l . A c c o r d i n g t o t h i s t h e o r y 

most o f t h e p l a i n must be o l d e r t h a n t h e B e n l n a and T o c r a 

s t e p s , w h i c h t h u s r e p r e s e n t t h e t o t a l a f f e c t o f s u b s e q u e n t 

m a r i n e e r o s i o n . However, t h e a s s o c i a t e d f a u l t s a r e 

r e l a t i v e l y a n c i e n t , and a c t e d i n some way a s a l i n e w h i c h 

r e s i s t e d e r o s i o n . 

The u p p e r e s c a r p m e n t l i k e t h e l o w e r c a n n o t be a 

f a u l t s c a r p , a l t h o u g h t h e p a r t s n e a r E l - M a r j and D e r n a a r e 
( 1 5 ) 

a s s o c i a t e d w i t h f a u l t s . The t h e o r y s u b m i t t e d by Hey v i s 

t h a t t h e u p p e r t e r r a c e i s a w a v e - c u t p l a t f o r m , and t h e 

u p p e r e s c a r p m e n t i t s a s s o c i a t e d c l i f f - l i n e was formed, u n l i k e 

t h e l o w e r e s c a r p m e n t , d u r i n g a s i n g l e p e r i o d o f h i g h s e a -

l e v e l . Once a g a i n t h e f a u l t s m e r e l y a c c o u n t e d f o r i t s l o c a l 

f o r m a t i o n . The dominant o p i n i o n a t p r e s e n t , t h e r e f o r e , 

i s t h a t m a r i n e e r o s i o n i s r e s p o n s i b l e f o r p r o d u c i n g t h e 

e s c a r p m e n t s and t h e t e r r a c e . However, t h i s seems to 

u n d e r e s t i m a t e t h e e x t e n t to w h i c h t h e J e b e l h a s b e e n 

s u b j e c t e d to e a r t h movements. 

' S p r a t t was t h e f i r s t to i n d i c a t e t h e e x i s t e n c e o f 

f a u l t s i n t h e J e b e l and h i s work was f o l l o w e d by t h a t o f 

G r e g o r y and M a r c h e t t i . A f t e r t h e c o n f i r m a t i o n o f t h e 
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e x i s t e n c e o f f a u l t s i n t h e J e b e l by M a r c h e t t i , ^ ^ ^ D e s i o 

( 1 9 3 9 ) r e v i v e d t h e i d e a t h a t t h e e s c a r p m e n t s might be 
( 1 7 ) 

d i r e c t l y a s c r i b e d to f a u l t i n g o r m o n o c l i n a l w a r p i n g . v ' As 

h a s a l r e a d y b e en p o i n t e d out, Hey c o n f i r m s t h a t t h e f a u l t s a r e 

r e l a t i v e l y a n c i e n t and a c t e d a s a l i n e a l o n g w h i c h e r o s i o n 

was r e s i s t e d . The t e c t o n i c s w i l l be d e a l t w i t h . i n : / t h e 

c h a p t e r on G e o l o g y . 

(18 ) 

Hey^ ' c o n s t r u c t e d a d i a g r a m to show t h e 

c o r r e s p o n d e n c e i n h e i g h t b etween t h e s h o r e l i n e and t h e 

e s c a r p m e n t and t e r r a c e and t h u s to show t h e n a t u r e o f i t s 

s u b s e q u e n t d i s t o r t i o n ( F i g . No.5)• I t c a n be s e e n from t h e 

f i g u r e t h a t t h e s h o r e l i n e h a s b e e n warped i n t o a s e r i e s o f 

u n d u l a t i o n s w h i c h a r e smooth and g e n t l e b u t o f v e r y l a r g e 

a m p l i t u d e . At i t s e a s t e r n end, where i t c a n i n i t i a l l y be 

t r a c e d , i t l i e s o n l y 150m. above s e a - l e v e l , t h i s i s i t s 

l o w e s t p o i n t . From h e r e i t r i s e s s t e a d i l y to a maximum o f 

550m. n e a r R a s E l - H i l a l and t h e n f a l l s to 250m. a t Wadi 

Sudan ( t h e main t r i b u t a r y o f W. G i a r g a r u m m a h ) . Once more 

i t c o n t i n u e s to r i s e u n t i l , 5 Kms. beyond E l - M a r j , where 

i t r e a c h e s 450m. To t h e w e s t o f t h i s p o i n t i t s e x a c t 

a l t i t u d e i s unknown. 

However, i f s e a - l e v e l s t o o d a t 200m. above i t s 

p r e s e n t l e v e l a t t h e b e g i n n i n g o f t h e f o r m a t i o n o f t h e l o w e r 

e s c a r p m e n t i t i s p r o b a b l e t h a t i t s t o o d e v e n h i g h e r f o r 

t h e f o r m a t i o n o f t h e u p p e r t e r r a c e and t h e s e c o n d 
e s c a r p m e n t . The l e v e l o f t h e s h o r e l i n e i s n o t h o r i z o n t a l 
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now, and i t seems t h a t an e a r t h movement h a s t a k e n p l a c e 

and h a s u p l i f t e d t h e J e b e l . 

The h i g h J e b e l h a s undergone r e l a t i v e l y l i t t l e 

s u b a e r i a l e r o s i o n s i n c e t h e u p p e r e s c a r p m e n t and t e r r a c e 

were formed. A c c o r d i n g to D e s i o , t h e r e i s i n f a c t 

a c l o s e c o r r e s p o n d e n c e b e t w e e n t h e u n d u l a t i o n s o f t h e h i g h 

J e b e l and t h o s e o f t h e u p p e r e s c a r p m e n t . B o t h c u l m i n a t i o n s 

o f t h e J e b e l l i e n e a r to p a r t s o f t h e e s c a r p m e n t w h i c h a r e 

p a r t i c u l a r l y e l e v a t e d , and t h e i n t e r v e n i n g s a d d l e l i e s j u s t 

t o t h e s o u t h - w e s t o f t h e p o i n t where t h e e s c a r p m e n t s i n k s 

to a minimum a t Wadi Sudan. The T a c n i s s a d d l e i s w h o l l y 
( 2 1 ) 

o f t e c t o n i c o r i g i n . ' Westwards beyond t h e T a c n i s s a d d l e , 

t h e p r e s e n t d i f f e r e n c e s b e t w e e n t h e a l t i t u d e s o f t h e 

J a r d a s E l - A b i d c u l m i n a t i o n and t h e u p p e r s h o r e l i n e s o u t h ­

w e s t o f E l - M a r j seem to be about 200m. w h i c h s u g g e s t s t h a t 

t h e c r e s t o f t h e J e b e l may h a v e m a i n t a i n e d i t s u n i f o r m l e v e l 

i n t h i s d i r e c t i o n ; t h e w e s t e r n c u l m i n a t i o n a s opposed to t h e 

e a s t e r n , may t h e r e f o r e be e n t i r e l y due to t e c t o n i c u p l i f t s . 

I t t h u s a p p e a r s t h a t t h e J e b e l a t t h e t i m e o f t h e f o r m a t i o n 

o f t h e u p p e r e s c a r p m e n t , was a l o n g , low r i d g e , p r e s u m a b l y 

an i s l a n d , w i t h a v e r y e v e n p r o f i l e . I t s topography, i n d e e d , 

was e v e n more monotonous t h a n t h a t o f t h e h i g h J e b e l a t 

t h e p r e s e n t d a y . ^ ^ 
( 2 3 ) 

A c c o r d i n g to Hey v ' t h e l i m i t e d d i s t r i b u t i o n o f 

s e d i m e n t s l a t e r t h a n M i d d l e Miocene s u g g e s t s t h a t t h e main 

u p l i f t s o f t h e J e b e l began i n Upper Miocene t i m e s . I t i s 
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p r o b a b l e t h a t a l l t h e known f a u l t s and m o n c l i n e s o f t h e 

J e b e l were formed d u r i n g t h i s same p e r i o d , i n one s i n g l e 

movement o f s u b s i d e n c e t o w a r d s t h e p r e s e n t M e d i t e r r a n e a n . 

However, when t h e s e movements c e a s e d , t h e r e s u l t i n g 

i r r e g u l a r i t i e s were p l a n e d down by e r o s i o n ; t h i s on t h e 

h i g h e s t p a r t s o f t h e J e b e l , was proba.bly s u b a e r i a l i n 

c h a r a c t e r . E r o s i o n was t h e n c o n t i n u e d by t h e s e a , w h i c h 

must h a v e s t o o d a t a v e r y h i g h l e v e l r e l a t i v e to t h e l a n d , 

r e a c h i n g t o w i t h i n 150 m. o f t h e top o f t h e J e b e l . A t t h i s 

t i m e t h e J e b e l was u n d o u b t e d l y an i s l a n d . W h i l e t h e l a n d 

c o n t i n u e d t o be s t a b l e t h e s e a - l e v e l t h e n dropped by about 

150m. and m a r i n e e r o s i o n began once more to form t h e u p p e r 

e s c a r p m e n t and t e r r a c e . A p e r i o d o f g e n t l e a r c h i n g f o l l o w e d , 

a f f e c t i n g a l l p a r t s o f t h e J e b e l . Some upwafrd w a r p i n g 

must h a v e o c c u r r e d i n t h e r e g i o n s o u t h o f El-Ma.rj and 

L a t h r u n (lO Kms. w e s t o f E e r n a ) - El-Ghegha.b a n t i c l i n e assumed 

i t s p r e s e n t form. B e t w e e n t h e a r e a s o f u p l i f t down-

f o l d i n g t o ok p l a c e a l o n g a l i n e p a s s i n g t h r o u g h W. Sudan and 

p r o b a b l y r u n n i n g t o t h e s o u t h - w e s t . T h e s e movements were 

r e s p o n s i b l e n o t o n l y f o r t h e d i s t o r t i o n o f t h e u p p e r s h o r e ­

l i n e b u t a l s o f o r t h e p r e s e n t r e l i e f o f t h e h i g h J e b e l and 

f o r much o f t h e p r e s e n t d r a i n a g e p a t t e r n . 

K a r s t phenomena 

The r e m a r k a b l e development o f k a r s t phenomena i n 

n o r t h e r n C y r e n a i c a p r o d u c e s a morphology w h i c h i s s i m i l a r t o 
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t h a t w h i c h h a s been d e v e l o p e d i n t h e k a r s t l i m e s t o n e r e g i o n 
i n t h e E a s t e r n A d r i a t i c . The r o c k y s u r f a c e o f t h e ground 
t h u s becomes m o d e l l e d i n t o forms c h a r a c t e r i s t i c o f z o n e s 
i n w h i c h t h e s o l v e n t a c t i o n o f w a t e r s s a t u r a t e d w i t h 
c a r b o n i c a c i d i s e x e r c i s e d on c a l c a r e o u s r o c k s . I t i s 
c e r t a i n t h a t t h i s k a r s t i c p r o c e s s p l a y s a f u n d a m e n t a l and, 
i n many z o n e s , an e x c l u s i v e f u n c t i o n i n t h e c h a r a c t e r i s t i c s 
o f t h e d e t a i l e d morphology. W h i l s t r e v i e w i n g t h e known 
forms o f k a r s t i c m o d e l l i n g , one i m m e d i a t e l y n o t i c e s t h a t i n 
C y r e n a i c a f u r r o w e d o r rounded r o c k s , o r r o c k s d r i l l e d by 
t h e a c t i o n o f s u r f a c e r u n - o f f w a t e r a r e v e r y s c a r c e . 
V a r i o u s f a c t o r s c a n be n o t e d to e x p l a i n t h i s a b s e n c e . F i r s t , 
one must c o n s i d e r t h e low d e n s i t y o f l i m e s t o n e s w h i c h a r e 
most f r e q u e n t l y f r i a b l e , c o a r s e o r m a r l y and t h e r e f o r e most 
a p t to be d i s i n t e g r a t e d r a t h e r t h a n i n c i s e d by t h e a c t i o n 
o f r a i n . I n d e e d , i n p l a c e s where compact and c r y s t a l l i n e 
l i m e s t o n e s o u t c r o p o v e r a c o n s i d e r a b l e d i s t a n c e i n 
f a v o u r a b l e c o n d i t i o n s , some o f t h e c h a r a c t e r i s t i c s o f 
k a r s t i c e r o s i o n a r e found. I n p a r t i c u l a r , one f i n d s k n o l l s 
o f r o c k rounded and p i t t e d by b a s i n - l i k e c a v i t i e s r e g u l a r l y 
d i s t r i b u t e d and e m e r g i n g from t h e c o v e r i n g o f T e r r a R o s s a . 
T h i s c a n be s e e n f o r example i n t h e E o c e n e l i m e s t o n e s n o r t h 
o f E l - M a r j and n e a r B i r Giargarummah. B u t i n g e n e r a l t h e 
o b v i o u s forms o f p i t t e d t e r r a i n s a r e l a c k i n g . T h i s i s 
e s p e c i a l l y t h e c a s e a s compared w i t h most E u r o p e a n k a r s t 
z o n e s , where i n a d d i t i o n to t h e c o m p a c t n e s s o f t h e r o c k 
t h e r e i s a v e r y much more abundant r a i n f a l l . 
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A n e g a t i v e f a c t o r w h i c h combines w i t h t h e s c a r c i t y 

o f r a i n f a l l , i s t h e f o r m a t i o n o f s u p e r f i c i a l c r u s t s w h i c h 

sometimes c o v e r t h e s u r f a c e o f t h e r o c k s to a t h i c k n e s s o f 

s e v e r a l d e c i m e t e r s . T h i s phenomenon i s common i n a r i d r e g i o n s 

and i s due to a complex mechanism o f a l t e r a t i o n and 

d i s i n t e g r a t i o n o f t h e r o c k y s u r f a c e , to t h e p e r c o l a t i o n and 

e v a p o r a t i o n o f dew w i t h t h e t r a n s p o r t o f c o l l o i d a l s u b s t a n c e s 

and w i t h s u c c e s s i v e c e m e n t a t i o n and o x i d a t i o n . Thus a 

s u p e r f i c i a l c o n c r e t i o n a r y zone i s formed o f a c a l c a r e o u s 

n a t u r e , r i c h i n i r o n o x i d e s and f a i r l y compact, w h i c h h i n d e r s 

t h e m e c h a n i c a l and c h e m i c a l a c t i o n o f m o d e l l i n g by f l o o d w a t e r s . 

T h i s s u p e r f i c i a l c o n c r e t i o n c o v e r s t h e whole r o c k s u r f a c e and 

t h e r e f o r e a l s o h a s an h y d r o l o g i c a l e f f e c t i n a s much a s i t 

h i n d e r s d i f f u s e p e r c o l a t i o n o f w a t e r , l o c a l i s i n g i t i n t h e 
(2k) 

f i s s u r e s and l a r g e r j o i n t s . ' S u r f a c e c r u s t i s a l m o s t 

c o m p l e t e l y a b s e n t on t h e J e b e l , b u t i s p a r t i c u l a r l y w e l l 

d e v e l o p e d i n t h e s t e p p e zone where i t i s more t h a n one d e c i m e t e r 

t h i c k n e a r T a n s a l u k h ( s o u t h o f T o c r a ) . 

P e r c o l a t i n g o f m e t e o r i c w a t e r by means o f f i s s u r e s 

l e a d s h e r e , a s i n a l l k a r s t z o n e s , to t h e e n l a r g e m e n t o f j o i n t s 

i n t h e r o c k s , w i t h t h e f o r m a t i o n o f c r e v a s s e s o f v a r y i n g 

w i d t h . T h i s i s common i n z o n e s i n w h i c h t h e r o c k i s f a i r l y 

compact, but where t h e r o c k i s c o a r s e o r e a r t h y , s u c h a s on t h e 

O l i g o c e n e l i m e s t o n e s o f t h e w e s t e r n Jebe3., t h e s e forms a r e 

c o m p l e t e l y l a c k i n g . The most w i d e s p r e a d o f a l l t h e k a r s t i c 
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forms i n t h e J e b e l a r e t h e l a r g e k a r s t i c b a s i n s and 

t h e d o l i n e s . E l - M a r j P l a i n and i t s d o l i n e s w i l l now > 

be c o n s i d e r e d t o g e t h e r . 

E l - M a r j P l a i n 

The E l - M a r j nr B a r c e P l a i n i s a c l o s e d 

d e p r e s s e d b a s i n on t h e u p p e r t e r r a c e . I t i s t h e l a r g e s t 

k a r s t i c b a s i n i n t h e whole n o r t h e r n C y r e n a i c a . F i g . 

No.3 shows t h e e x t e n s i o n and t h e g e n e r a l form o f t h e 

P l a i n . The b a s i n h a s a. s u b v a l l e y shape and i t m a i n l y 

e x t e n d s s o u t h - w e s t - n o r t h - e a s t . I t i s kZ kms. l o n g 

and 12 Kms. w ide ( V i d e P l a t e I B ) 

The l o w e s t p o i n t o f t h e b a s i n i s 276 m. above 

s e a - l e v e l , s i t u a t e d one k i l o m e t e r t o t h e n o r t h - i e a s t of 

E l - M a r j Town, and o c c u p i e d by an i n t e r m i t t e n t l a k e i n 

t h e w i n t e r ( s e e Water R e s o u r c e s ) . 

T h i s b a s i n o f E l - G h a r i q d oes n o t l i e on 

s o l i d b e d r o c k o f t h e b a s i n b e c a u s e o f t h e p r e s e n c e o f 

t h i c k d e p o s i t s o f T e r r a R o s s a w h i c h r e a c h a. d e p t h o f a t 

l e a s t 50 m. ( V i d e F i g . No.4) . 

The s e c o n d e s c a r p m e n t (where a. group o f w a d i s 

d e s c e n d i n t o t h e P l a i n ) d e f i n e s t h e s o u t h e r n l i m i t o f 

t h e P l a i n . To t h e e a s t , t h e P l a i n w i d e n s g r a d u a l l y and 

t h e s u r f a c e r i s e s from E l - G h a r i q to t h e o u t l e t o f S i d i 



S a i d , t h e r e i s a n o t h e r o u t l e t n e a r S i d i D a J c h i l i n 

t h e n o r t h . The e a s t e r n l i m i t o f E l - M a r j P l a i n i s 

s a t i s f a c t o r i l y d e f i n e d by t h e w a t e r s h e d o f t h e b a s i n , w h i l 

to t h e n o r t h t h e most u s e f u l b o u n d a r y l i n e r u n s a l o n g t h e 

w a t e r s h e d and t h e 350 m. c o n t o u r . To t h e w e s t t h e s u r f a c e 

r i s e s g r a d u a l l y from E l - G h a r i q area, t o 350 m. and r i s e s 

a g a i n to 3^9 m. a t a p o i n t 12 Kms. w e s t o f E l - M a r j town 

and t h e n d e c l i n e s t o 350 m. where t h e whole o f t h e r i s e 

o f t h e l a n d a s w i l l a p p e a r i s b e s t i n c l u d e d w i t h i n our 

r e g i o n . To t h e s o u t h w e s t t h e 350 m. c o n t o u r h a s b e e n 

u s e d a s an a r b i t r a r y l i n e a c r o s s t h e u n d u l a t i n g 

t r a n s i t i o n b etween E l - M a r j P l a i n and t h e S i l i n a - E l -

A b i a r p l a i n s . 

The b e d r o c k c a n be s e e n to be u n e v e n from data, 

o b t a i n e d from t h e d r i l l i n g o f w e l l s . The d e p t h o f t h e 

T e r r a . R o s s a i s v a r i a b l e , and r o c k y summits emerge from 

b e n e a t h t h e c o v e r . The s u r f a c e o f E l - M a r j b a s i n i s n o t 

f l a t s i n c e t h e r e a r e two s m a l l d e p r e s s i o n s s i m i l a r to 

E l - G h a r i q i n t h e n o r t h o f t h e P l a i n . T h e s e two. 

d e p r e s s i o n s a r e f i l l e d w i t h w a t e r d u r i n g t h e r a i n y 

s e a s o n and a r e c a l l e d Bra.0 N a t a a ( F i g . No. 6 ) . The 

t o t a l a r e a o f E l - M a r j P l a i n i s 1100 s q . kms. The a v e r a g e 

s l o p e i s about 06$ from a l l d i r e c t i o n s t o w a r d s E l - G h a r i q . 

Most o f t h e a r a b l e l a n d i s l o c a t e d b etween 278 and 300 

m e t r e s e l e v a t i o n . 
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The o n l y s p e c i f i c t o p o g r a p h i c p r o b l e m i n t h e P l a i n 

i s t h e E l - G h a r i q d e p r e s s i o n w h i c h a s p o i n t e d out h a s no v i s i H e 

o u t l e t t o permanent s t r e a m s and w i l l p r o b a b l y c r e a t e a s e r i o u s 

d r a i n a g e p r o b l e m f o r i r r i g a t i o n d e v e l o p m e n t . 

I n t h e u n d u l a t i n g a r e a w h i c h s e p a r a t e s E l - M a r j 

P l a i n from E l - A b i a r P l a i n a group o f s m a l l b a s i n s o c c u r s i . e . 

S i d i Bu Z e i d , B i l i n a , and M l e t a n i a . T h e i r m a i n c h a r a c t e r i s t i c 

i s t h a t t h e y a r e s m a l l and n o t w e l l - d e f i n e d l i k e t h e E l - M a r j 

B a s i n . 

M a r c h e t t i , D e s i o and Hey have c o n s i d e r e d t h e 

e v o l u t i o n o f t h e E l - M a r j P l a i n and t h e o t h e r s m a l l e r b a s i n s 

i n t h e c o n t e x t o f k a r s t e r o s i o n , w h i l e M a r i n e l l i b e l i e v e s 

t h a t t h e b a s i n s a r e a n c i e n t c u t - o f f l o n g i t u d i n a l v a l l e y s 

and t h a t k a r s t e r o s i o n h a s m o d e l l e d and widened t h e b a s i n s . 

T e c t o n i c movement i s c l e a r l y i m p o r t a n t and f u r t h e r d i s c u s s i o n 

i s d e f e r r e d to a c o n s i d e r a t i o n o f t h e G e o l o g y . 

The D o l i n e s 

I n g e n e r a l , e n c l o s e d f orms o f w a t e r p e r c o l a t i o n 

g i v e t h e i r c h a r a c t e r i s t i c morphology to wide a r e a s o f t h e 

regio.n(Vade"Ejg. No. 7) e s p e c i a l l y where t h e p r e d o m i n a n t 

development o f s u b s i d e n c e c o n s t i t u t e s t h e f u n d a m e n t a l e l e m e n t 

o f t h e l a n d s c a p e . D o l i n e s a r e w i d e s p r e a d i n t h e J e b e l and 

B e n g h a z i P l a i n sojth o f E l - M a b n i b u t d i s c u s s i o n h e r e w i l l 

be c o n f i n e d t o t h e a r e a e a s t and n o r t h - e a s t o f E l - M a r j . 
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To t h e e a s t o f E l - M a r j k a r s t phenomena m a n i f e s t 

t h e m s e l v e s a l l o v e r t h e u n d u l a t i n g s u r f a c e o f t h e s o f t 

O l i g o c e n e and Miocene l i m e s t o n e s o f t h e u p p e r t e r r a c e . 

F o r a g e n e r a l i d e a o f t h e d i s t r i b u t i o n o f t h e s e phenomena 

one may no t e : -

1. The group o f wide s l i g h t l y d e p r e s s e d b a s i n s o f 

B e r g h e t Oranga and Got E s h - S h e n d i r a ( V i d e F i g . 8 ) . 
,,north 

2. The w i d e s p r e a d w e l l marked d o l i n e s to t h e / e a s t o f 

S i d i S a i d , e s p e c i a l l y i n t h e zone o f Got Bu G h r e i r i b a . 

(25) 

At E l - G h a r i b M u h l h o f e r v ' r e c o r d s two k a r s t i c 

d e p r e s s i o n s w i t h p o t - h o l e s a t t h e bottom o f Wadi Caab. 

T h e r e a r e t h e l a r g e d o l i n e s o f Haua E s - S a d and Haua H e i t i n i 

A c c o r d i n g to M a r c h e t t i ^ ' t h e s c a r c i t y o f 

f u n n e l - s h a p e d d o l i n e s a t p r e s e n t i n e x i s t e n c e i s due to 

t h e f a c t t h a t t h e y a r e f i l l e d w i t h sandy, wind t r a n s p o r t e d 

m a t e r i a l . T h e y h a v e g i v e n r i s e to f l a t o r i r r e g u l a r forms 

r a t h e r l i k e t h e d o l i n e s w h i c h a r e a t p r e s e n t f o und on t h e 

s e c o n d e s c a r p m e n t o f t h e J e b e l . I t s h o u l d be n o t e d on t h e 

o t h e r hand t h a t on t h e s u r f a c e o f t h e u p p e r t e r r a c e to t h e 

e a s t o f E l - M a r j t h e y a r e f a i r l y w i d e s p r e a d i n t h e more 

compact s t r a t a o f t h e E o c e n e r o c k s and i n l a r g e o r s m a l l 

f o r m s . T h e y h a v e l a r g e d e p o s i t s compared to t h e i r d i a m e t e r s 

a s may be s e e n i n t h e a l r e a d y m e n t i o n e d d o l i n e s o f H e i t i n i 

(250 x 170m. a p p r o x . ) w h i c h a r e about 65m. deep. 

The form o f t h e d o l i n e s o f t h e s e c o n d e s c a r p m e n t 

may t h e r e f o r e be e x p l a i n e d b e s t by f i r s t c o n s i d e r i n g t h e 
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l e s s i n c i s e d f o r m s . The f r i a b i l i t y o f t h e r o c k s ( O l i g o c e n e 

and Miocene l i m e s t o n e s ) , w h i c h a r e m a i n l y s o f t , c a u s e s a 

r a p i d b r e a k i n g down o f t h e edges and s l o p e s . T h i s i s 

e s p e c i a l l y t h e c a s e where t h e r e i s a s l o w i n f i l t r a t i o n o f 

w a t e r owing to t h e a b s e n c e o f w e l l d e f i n e d and open 
( 2 7 ) 

f i s s u r i n g ; As f a r a s o l d e r forms a r e c o n c e r n e d , 

t h e r e f o r e , t h e d i s i n t e g r a t i n g work o f m e t e o r i c a g e n t s , 

compared w i t h t h e p r e s e n t low r a i n f a l l and w i t h t h e 

p r o g r e s s i v e f i l l i n g up by a l l u v i a l T e r r a R o s s a , h a s 

c o n t r i b u t e d to s o f t e n t h e forms i n t o t h e i r p r e s e n t a s p e c t s . 
( 28 ) 

However, M a r c h e t t i ^ ' does n o t b e l i e v e t h a t among t h e s e 

complex f a c t o r s t h e a c t i o n o f t h e w i n d c a n be h e l d t o be 

e x c l u s i v e o r p r e d o m i n a n t , and i n t h e C y r e n a i c a n k a r s t i t 

h a s a f u n c t i o n e x a c t l y c o m p a r a b l e t o t h a t w h i c h i s found 

i n o t h e r E u r o p e a n k a r s t z o n e s , namely, i t m e r e l y c o n t r i b u t e s 

to t h e d i s t r i b u t i o n o f t h e T e r r a R o s s a i n t h e d e p r e s s e d 

z o n e s . 

A l s o a s s o c i a t e d w i t h t h e s u r f a c e k a r s t f o r m s , 

w h i c h h e r e t e s t i f y to l o c a l i s e d p e r c o l a t i o n a s a r e s u l t o f 

f i s s u r e d z o n e s , t h e r e a r e a l s o v e r t i c a l d r a i n a g e p a t t e r n s 

and v a r i o u s s u b t e r r a n e a n forms c h a r a c t e r i s t i c o f l i m e s t o n e 

a r e a s , i . e . s i n k h o l e s and c a v e s . Theise a r e b r o u g h t about 

by t h e w i d e n i n g o f j o i n t s i n t h e r o c k t h r o u g h t h e c h e m i c a l 

and m e c h a n i c a l a c t i o n o f i n f i l t r a t i n g w a t e r s w h i c h t e s t i f y 

to u n d e r g r o u n d c i r c u l a t i o n . 



However, i n a c c o r d a n c e w i t h t h e u s u a l e v e n t s o f kars.t 

r e g i o n s , v e r t i c a l c a v i t i e s ( s w a l l o w - h o l e s ) p r e d o m i n a t e 

i n t h e f l a t a r e a s ; t h e s e may be c o n s i d e r e d a s forms o f 

i n f i l t r a t i o n by v e r t i c a l d r a i n a g e o r " c i r c u l a t i o n w i t h h i g h 

g r a d i e n t " . W i t h t h e l a t t e r i t i s a c a s e o f s i m p l e forms 

c o n n e c t e d by g u l l i e s w i t h i n c l i n e d c o u r s e s ( s w a l l o w - h o l e s 

and c a v e s ) . 

I t i s o b v i o u s from what h a s b e e n s a i d t h a t k a r s t 

phenomena a r e r e p r e s e n t e d i n n o r t h e r n C y r e n a i c a i n a l l t h e i r 

c l a s s i c forms e x a c t l y s i m i l a r to t h o s e o b s e r v e d i n E u r o p e a n 

c o u n t r i e s . 

I t i s p r o b a b l e t h a t t h i s m o r p h o l o g i c a l a s p e c t 

was formed i n g e o l o g i c a l t i m e s w h i c h were c l i m a t i c a l l y 

d i f f e r e n t from t h e p r e s e n t . Thus, a i d e d by d i f f e r e n t 

a l t i m e t r i c and m o r p h o l o g i c a l c o n d i t i o n s , t h e r e was i n a u g u r a t e d 

i n a d d i t i o n t o f l u v i a l m o d e l l i n g , a k a r s t s y s t e m now l a r g e l y 

i n a c t i v e and now l a r g e l y d i s p r o p o r t i o n a t e to ihe p r e s e n t 

h y d r o 1 o g i c a l r e g i m e . 

However, t h e k a r s t a s a m o r p h o l o g i c a l f a c t o r i s 

p r e d o m i n a n t and s t i l l p a r t i a l l y a c t i v e i n t h e more r a i n y 

p a r t s o f t h e J e b e l Akhdar. The k a r s t t y p e o f i n f i l t r a t i o n 

and i n t e r n a l c i r c u l a t i o n o f w a t e r may s t i l l be c o n s i d e r e d 

to be g e n e r a l l y and u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t t h e 

r o c k z o n e s o f C y r e n a i c a . 
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Wadis and Wadi S y s t e m s . 

T h e r e a r e no p e r e n n i a l r i v e r s i n t h e whole o f 

C y r e n a i c a , e x c e p t i n a few w a d i s i n t h e e a s t e r n J e b e l w h i c h 

have p e r e n n i a l s p r i n g s . However, a s f a r a s E l - M a r j P l a i n i s 

c o n c e r n e d t h e r e a r e no*, s u c h c o p i o u s s p r i n g s . 

The h y d r o g r a p h i c n e t w o r k i s made up o f numerous 

w a d i c o u r s e s w h i c h r u n o f f i n a d i r e c t i o n n o r m a l t o t h e 

c o a s t , d e e p l y i n c i s i n g t h e edge o f t h e e s c a r p m e n t , w i t h 

embanked beds and p r e c i p i t o u s w a l l s , sometimes a l m o s t 

v e r t i c a l and u s u a l l y w i t h a r a t h e r n a r r o w bottom g i v i n g a V 

shaped s e c t i o n . The g r e a t m a j o r i t y o f t h e w a d i s a r e l e s s 

t h a n 20 Kms. l o n g ( V i d e Fig.<?). 

On t h e J e b e l t h e w a d i s r a d i a t e from t h e w a t e r s h e d 

f o l l o w i n g t h e g e n e r a l s l o p e o f the ground. The c e n t r e o f 

d i s p e r s i o n o f t h e w a d i s does n o t c o r r e s p o n d c o m p l e t e l y w i t h 

t h e h i g h e s t p a r t o f t h e J e b e l . The c e n t r e o f d i s p e r s i o n i s 

s l i g h t l y f a r t h e r t o t h e e a s t . 

The w a d i s w h i c h o r i g i n a t e on t h e p l a t e a u a r e 

u s u a l l y l e s s w e l l d e v e l o p e d t h a n t h o s e w h i c h o r i g i n a t e on 

th e l o w e r e s c a r p m e n t . I n g e n e r a l t h e y r u n so f a r out onto 

t h e l o w e r e s c a r p m e n t , b u t t e r m i n a t e a t i t s f o o t . I n 

t h i s r e g i o n o n l y a few o f t h e l a r g e w a d i s c r o s s t h e l o w e r 

e s c a r p m e n t and r e a c h t h e s e a . T h e s e w a d i s a r e Wadi 

E l - L a u l a b , Wadi E l - S a l l u m ( t h e u p p e r p a r t o f W.Guadeles) 
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and W. E l - K u f i n i t s u p p e r r e a c h e s and ¥. Giargarummah i n 

i t s l o w e r r e a c h e s . ¥. E l - K u f r i s e s on t h e h i g h J e b e l , .. 

f l o w s p a r a l l e l to t h e J e b e l , . - . t u r n s a l m o s t a t r i g h t 

a n g l e s and d e s c e n d s t r a n s v e r s e l y to b o t h t h e e s c a r p m e n t s 

to r e a c h t h e s e a . 

( 2 9 ) 

A c c o r d i n g to M a r c h e t t i i t seems t h a t t h e h i g h 

J e b e l h a s o n l y i n a v e r y l i m i t e d a r e a e x p e r i e n c e d 

m o r p h o l o g i c a l r e j u v e n a t i o n w h i c h , due t o l o w e r i n g o f b a s e -

l e v e l o r t o v a r i a t i o n s o f r a i n f a l l , o r to b o t h t h e s e f a c t o r s , 

h a s p r o d u c e d t h e deep i n c i s i o n s n o t e d on t h e l o w e r c o u r s e s 

o f t h e w a d i s . 

A few o f t h e s e (W. E l - L a u l a b and W. E l - K u f ) h a v e 

e x t e n d e d t h e i r r e g r e s s i v e e r o s i v e a c t i o n to c u t i n t o t h e 

s e c o n d e s c a r p m e n t , b u t i n no c a s e h a s t h i s r e a c h e d t h e h e a d 

o f t h e v a l l e y s i n w h i c h t h e p r o f i l e s e x h i b i t v e r y marked 

c h a r a c t e r i s t i c s o f a d v a n c e d m a t u r i t y . However, i n t h e zone 

between t h e w a t e r s h e d and t h e s e a , t h e morphology o f w a d i s 

e x h i b i t s two d i f f e r e n t a s p e c t s . Of t h e s e , one i s 

c h a r a c t e r i s e d by embanked deep w a d i s w h i c h g e n e r a l l y h a v e a 

w i d e a l m o s t l e v e l bottom, and w h i c h a r e l i m i t e d to t h e p a r t 

n e a r e s t to t h e edge o f t h e e s c a r p m e n t . The s e c o n d a s p e c t 

o f t h e m i d d l e and u p p e r c o u r s e s i s shown i n wide l e v e l 

v a l l e y s w i t h g e n t l e s l o p e s s u r r o u n d e d by lowrpunded h i l l s 

and p a s s i n g i n t o e n c l o s e d b a s i n s . 

The main s a d d l e o f t h e J e b e l d i p s t o w a r d s t h e north 



and c o n s e q u e n t l y t h e w a d i s r u n n i n g n o r t h w a r d s a r e g o r g e ­

l i k e and s h o r t . Due to t h e l a c k o f w a t e r and t h e 

c a l c a r e o u s n a t u r e o f t h e c o a s t , most o f t h e w a d i s d i s a p p e a r 

b e f o r e r e a c h i n g t h e s e a . The g r a d i e n t s o u t h o f t h e main 

w a t e r s h e d i s s l i g h t and t h e w a d i s a r e l o n g and s e r v e d by 

many t r i b u t a r i e s . 

H a v i n g d e s c r i b e d t h e g e n e r a l o u t l i n e s o f t h e w a d i s , 

i s mow c o n v e n i e n t to d e f i n e t h e w a t e r s h e d o f t h e J e b e l b e f o r e 

g o i n g i n t o f u r t h e r d e t a i l s . T h e r e a r e two w a t e r s h e d s , t h e 

f i r s t i s t h e main M e d i t e r r a n e a n w a t e r s h e d , and t h e s e c o n d 

t h e w a t e r s h e d o f t h e i n n e r d r a i n a g e b a s i n o f E l - M a r j P l a i n . 

I n g e n e r a l t h e m a i n w a t e r s h e d r u n s c l o s e to t h e s e a 

a t a d i s t a n c e v a r y i n g from between 30-35 Kms. from t h e s e a 

( V i d e F i g . 9) • 

The w a d i s n o r t h o f t h e w a t e r s h e d r u n t o w a r d s t h e 

M e d i t e r r a n e a n , w h i l e t h e w a d i s s o u t h o f t h e l i n e f l o w i n t o 

t h e c l o s e d d e p r e s s i o n s o f t h e B a l t e s i n t h e E s - S e r u a l 

r e g i o n s o u t h o f t h e J e b e l Akhdar. 

The s e c o n d w a t e r s h e d i s t h a t o f t h e e n c l o s e d 

b a s i n o f E l - M a r j , w h i c h i s a d j a c e n t to t h e main w a t e r s h e d . 

The E l - M a r j P l a i n w a t e r s h e d c o i n c i d e s w i t h t h e main w a t e r s h e d 

on t h e s e c o n d e s c a r p m e n t f o r a d i s t a n c e o f Ik Kms. w e s t o f 

Magren E l - Z i t u n ( V i d e F i g . 9) and r u n s n o r t h - e a s t c r o s s i n g 

t h e s e c o n d e s c a r p m e n t where i t forms a d i v i d i n g l i n e 

b etween ¥. E l - L a u l a b and E l - M a r j P l a i n . I t t h e n t u r n s w e s t 

to .a p o i n t f o u r k i l o m e t e r s s o u t h o f S i d i I s m a i l . I t c u r v e s 
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e a s t w a r d s and t h e n n o r t h w a r d s where a t t h e w e s t o f B a t t a 
v i l l a g e i t r u n s t o t h e w e s t a l o n g t h e u n d u l a t i n g h i l l s on 
the c r e s t o f t h e f i r s t e s c a r p m e n t . I t h e r e f o l l o w s t h e t r a c k 
( T a r i q El-Hammar) between B a t t a and E l - G a t r i s . A f t e r t h i s 
p o i n t t h e l i n e r u n s t o t h e s o u t h e a s t where i t c r o s s e s t h e 
a r e a b e t w e e n ¥. Z a z a w h i c h r u n s t o t h e c o a s t a c r o s s t h e 
l o w e r e s c a r p m e n t and ¥. M r e i z i q w h i c h f l o w s i n t o E l - M a r j 

^ P l - a i n . The l i n e c r o s s e s t h e s e c o n d e s c a r p m e n t and r u n s 
t h r o u g h t h e d i s s e c t e d a r e a o f J e b e l E l - A b i d where i t e n c l o s e s 
th e u p p e r p a r t s o f Wadis S l e a i a , C u e f i a and o t h e r w a d i s 
w h i c h f l o w i n t o E l - M a r j P l a i n . The w a d i s o f S e i l E l - G o d 
and E l - G a r t a r a f l o w i n t o t h e e p h e m e r a l l a k e o f E l - G h a r i q 
( V i d e P l a t e 2 a ) . 

D e s i o ^ ^ ^ c l a s s i f i e s t h e w a d i s o f n o r t h e r n 

C y r e n a i c a a s f o l l o w s : -

1. Wadis w h i c h r i s e and d i s a p p e a r i n t h e c o a s t a l p l a i n . 

2. Wadis w h i c h b e g i n and d i e a l o n g t h e s c a r p o f t h e l o w e r 
e s c a r p m e n t and do n o t r e a c h t h e s e a . 

3» Wadis w h i c h r i s e on t h e u p p e r t e r r a c e and f i n i s h a t t h e 
f o o t o f t h e s u c c e s s i v e s c a r p o r a t t h e u p p e r p a r t o f 
the c o a s t a l p l a i n . 

k. Wadis w h i c h r i s e and d i s a p p e a r on t h e s c a r p o f t h e l o w e r 
e s c a r p m e n t . 

5. Wadis w h i c h o r i g i n a t e and end on the s c a r p o f t h e 
u p p e r e s c a r p m e n t . 

6. Wadis w h i c h b e g i n on t h e u p p e r e s c a r p m e n t and d i s a p p e a r 
a t t h e f o o t o f t h e s u c c e s s i v e e s c a r p m e n t . 

7. Wadis w h i c h o r i g i n a t e on t h e f i r s t e s c a r p m e n t o r t h e 
s e c o n d e s c a r p m e n t and r e a c h t h e s e a . 



P l a t e 2 (A) - Wadi E l - G a t t a r a d e s c e n d i n g f r o m t h e second 
escarpment towards E l - M a r j P l a i n . 

• 

m Mi 

m 

The Gorge o f Wadi She? aba. a c r o s s t h e c r e s t r e g i o n P l a t e 2 (B) nd t h e f i r s t escarpment n o r t h o f E l - M a r j P l a i n 



-43-

A l l t h e m a j o r w a d i s do n o t s t o p b e f o r e r e a c h i n g 

t h e s e a , b u t t h e s m a l l w a d i s d i s a p p e a r e i t h e r t h r o u g h t h e 

p e r v i o u s l i m e s t o n e s o r by e v a p o r a t i o n . The w a t e r s f l o w 

i n t h e w a d i s f o r a few d a y s s u d d e n l y a f t e r a p e r i o d o f r a i n . 

The w e l l d e v e l o p e d w a d i s w h i c h d i s a p p e a r a t t h e 

f o o t o f t h e s e c o n d e s c a r p m e n t once seem to h a v e r e a c h e d 

t h e s e a . B e c a u s e o f d i s t u r b a n c e by f a u l t s , t h e w a d i s c a n 

be d i v i d e d i n t o t h r e e p a r t s ; t h e u p p e r p a r t d i e s a t t h e 

f o o t o f t h e e s c a r p m e n t , t h e w a t e r m i d d l e p a r t d i s a p p e a r s 

u n d e r g r o u n d i n t o t h e c a v e s and f i s s u r e s , w h i l e t h e l o w e r 
( 31) 

p a r t f l o w s i n t o t h e s e a v ' ( V i d e F i g . 9 ) . The w a d i s w h i c h 

r i s e on t h e u p p e r t e r r a c e h a v e a g o r g e - l i k e c o u r s e a l o n g 

t h e e s c a r p m e n t b e f o r e d i s a p p e a r i n g a t t h e f o o t o f t h e 

s c a r p . 

However, a s a r e s u l t o f f a u l t i n g , t h e segments 

o f t h e w a d i s took new c o u r s e s a l o n g t h e f a u l t l i n e s , b u t 

t h e w a d i s d i d n o t d e v e l o p s u f f i c i e n t l y . T h e s e two f a c t o r s , 

t h e f a u l t s and t h e development o f t h e k a r s t s c e n e r y , 

t h e r e f o r e , have a f f e c t e d t h e wadi s y s t e m and h a v e b r o u g h t 

an e l e m e n t o f d i v e r s i t y t o t h e w a d i d e v e l o p m e n t . As a 

r e s u l t o f t h i s , r i v e r c a p t u r e h a s o c c u r r e d and b r o u g h t 

new w a d i s a l o n g t h e f a u l t l i n e s . T h e s e w a d i s o r i g i n a t e 

i n t h e a r e a s o u t h o f t h e s e c o n d e s c a r p m e n t , and r u n i n a 

n o r t h e r l y d i r e c t i o n , c u t t i n g deep i n t o t h e e s c a r p m e n t . 

On r e a c h i n g t h e u p p e r t e r r a c e , t h e f i r s t (known a s W.Caab 

i n t h e u p p e r p a r t ) r u n s p a r a l l e l to t h e s e c o n d e s c a r p m e n t 
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a l o n g a f a u l t l i n e , t h e s e c o n d (known a s W.Guadeles) c o n t i n u e s 
n o r t h t o r e a c h t h e s e a , and t h e t h i r d r u n s w e s t i n a s h a r p 
r i g h t a n g l e d bend, i t r u n s n o r t h (where i t i s known a s 
W. Giargarummah) u n t i l i t r e a c h e s t h e s e a . 

O t h e r w a d i s on t h e n o r t h w a r d s i d e o f t h e J e b e l 

a r e , f i r s t l y W. Habbun and s e c o n d l y W. Shaaba where 

t h e r o a d between E l - M a r j and T u l m e i t h a f o l l o w s t h e r i v e r 

bed t o t h e c o a s t a l p l a i n ( v i d e P l a t e 2 b ) . A l s o w o r t h y 

o f n o t e a r e t h e w a d i s o f t h e w e s t e r n f l a n k o f t h e J e b e l 

w h i c h f l o w i n t o t h e T o c r a a r e a on t h e c o a s t a l p l a i n . I t 

h a s a l r e a d y b e e n p o i n t e d out t h a t t h e g r a d i e n t i n t h i s 

a r e a o f t h e c o a s t a l p l a i n i s s l i g h t b u t i r r e g u l a r . To 

th e n o r t h o f E l - M a b n i , t h e r e i s a l a r g e a r e a c o v e r e d 

w i t h T e r r a R o s s a b r o u g h t down by W. Z a z a w h i c h r i s e s i n 

t h e s o u t h - w e s t o f E l - M a r j P l a i n ( V i d e P l a t e 3 a ) . To t h e 

n o r t h o f W. Z a z a , a n o t h e r w a d i c a l l e d W. B e l b a r a b i d e s h a s 

formed a s i m i l a r d e p o s i t i n i t s l o w e r c o u r s e . To t h e 

n o r t h o f Bu G i a r r a r t h e r e i s a s m a l l a r e a c o v e r e d w i t h a 

t r a n s p o r t e d T e r r a R o s s a w h i c h h a s b e e n c a r r i e d down by 

W.Es-Sleib w h i c h r e a c h e s t h e s e a . Two t y p e s o f s o i l a r e 

r e c o g n i s a b l e , t h e t r a n s p o r t e d T e r r a R o s s a b r o u g h t down by 

W. E s - S l e i b and t h e c o a r s e non-compacted sandy s o i l a l o n g 

t h e b e a c h and around t h e c o a s t a l sand d u n e s . The sand 

dunes form a b a r r i e r b etween t h e s e a and t h e w a d i f l o o d 

w a t e r s . The w a d i f l o o d s about t h r e e t i m e s e a c h y e a r d u r i n g 



P l a t e 3 ( A ) - Wa.di Zaza emerging f r o m t h e cr e s t r e g i o n s o u t h 
west o f El-Mar j P l a i n towards t h e Sa.hel. 

4 --<WMMM 
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P l a t e 3(B) - K a r s t i c phenomenon - Sw a l l o w - h o l e o f Ha.ua Bu Uden 
s o u t h e a s t o f E l - M a r j . Note t h e edge o f t h e 

d e p r e s s i o n . 

http://Ha.ua
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winter.. W. B a c u r h a s formed o n l y s m a l l a l l u v i a l d e p o s i t s 

b e c a u s e o f t h e s h o r t d i s t a n c e b etween t h e f i r s t e s c a r p m e n t 

and t h e s e a . O t h e r i m p o r t a n t w a d i s p l a y e d a m a j o r p a r t i n 

th e d i s t r i b u t i o n o f t h e s o i l s , i . e . Wadis: Umm-Amaim, 

G e b e l a and E l - A s r a . The f i r s t two w a d i s a f t e r d e s c e n d i n g 

from t h e p l a t e a u form d e l t a i c f a n s e x t e n d i n g to t h e c o a s t a l 

p l a i n . T h e i r f l o o d w a t e r s o c c a s i o n a l l y r e a c h t h e s e a , and 

u s u a l l y d i s a p p e a r by p e r c o l a t i n g u n d e r g r o u n d d u r i n g t h e i r 

l o w e r c o u r s e o r on t h e s a n d s o f t h e b e a c h . 

However, Wadi E l - A s r a i n t h e extreme n o r t h e a s t o f 

t h i s zone forms a r e l a t i v e l y l o n g w a d i (15 Kms.) and i t 

too r e a c h e s t h e s e a . I t seems t h a t t h e f l o o d s o f t h i s w a d i 

o c c u r i n v i g o r o u s t o r r e n t s w h i c h r u s h down t h e w a d i and 

a r e a b l e t o t r a n s p o r t many r o c k s and b o u l d e r s . I f one 

f o l l o w s t h e wadi c o u r s e on t h e p l a t e a u , one f i n d s t h a t i t 

i s c u t d e e p l y i n t h e a l l u v i a l m a t e r i a l s w h i c h r e a c h 7 "to 8 

m e t r e s i n d e p t h . 

A l l t h e w a d i s i n t h i s zone h a v e a n a r r o w gorge 

b u t more o f t h e s e g o r g e s a p p e a r t o c o n t i n u e beyond t h e 

l o w e r e s c a r p m e n t b e c a u s e o f t h e h a r d n e s s and homogeneity 

o f t h e b e d r o c k . 

Abandoned ( o r de a d ) Wadis 

On t h e s u r f a c e o f t h e p l a t e a u t h e r e a r e g r o u p s 

o f w a d i s and b a s i n s j o i n e d t o g e t h e r . The bottoms o f t h e 
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b a s i n s a r e d i v i d e d i n t o s m a l l w a d i s , w h e r e a s t h o s e o f t h e 
w a d i s a r e c o v e r e d w i t h T e r r a R o s s a and have t h e f o r m o f s m a l l 
f l a t s u r f a c e s . H y d r o l o g i c a l l y t h e bottoms r e p r e s e n t s w a l l o w -
h o l e s . The g e n e r a l o u t l i n e o f t h e w a d i s on t h e t o p o g r a p h i c 
maps r e p r e s e n t t h e m i n o r t r i b u t a r i e s o f one a c t i v e w a d i . 

The Development o f t h e H y d r o g r a p h i c S y s t e m 

I f one assumes t h a t a l l t h e w a d i c o u r s e s a r e 

s i l t i n g up, i t may be o b s e r v e d t h a t t h e r e a r e many c a s e s 

where t h e g e n e r a l s l o p e does n o t c o r r e s p o n d w i t h t h e 

p r e s e n t w a d i c o u r s e s . T h e r e f o r e , one may r e c o g n i s e w i t h o u t 

d i f f i c u l t y t h e t r a c e s o f t h e r i v e r c a p t u r e s i n t h e a d j a c e n t 

w a d i s . The most s i g n i f i c a n t example i s W . E l - L a u l a b . ¥. E l -

L a u l a b (Bu G r e i m i s a i n i t s l o w e r r e a c h e s ) r e p r e s e n t s an 

i r r e g u l a r w a d i c o u r s e . The w a d i from t h e J e b e l to B i r G r a s h i a 

h a s a r i g h t a n g l e d c o u r s e i n i t s l o w e r p a r t a t t h e f o o t o f 

t h e s e c o n d e s c a r p m e n t where i t c o r r e s p o n d s w i t h t h e f a u l t l i n e . 

W . E l - F a h a g a f o r m e r l y formed a s m a l l group o f w a d i s 

o r i g i n a t i n g on t h e u p p e r t e r r a c e and f l o w i n g i n t o t h e s e a e a s t 

o f R a s T u l m e i t h a . At p r e s e n t W . E l - E a h a g a i s a t r i b u t a r y o f 

W . E l - L a u l a b . The s m a l l v a l l e y s w h i c h o r i g i n a l l y were 

c o n t a i n e d w i t h i n t h e w a d i s y s t e m were g r a d u a l l y i s o l a t e d , f r o m 

t h i s development b e c a u s e o f t h e downward p e r c o l a t i o n o f t h e i r 

w a t e r s . 

T h e r e i s no d i r e c t c o n n e c t i o n b e t w e e n t h e c l o s e d 

v a l l e y s and t h e a c t i v e arms of t h e w a d i s a s f a r a s s u r f a c e 
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c o n n e c t i o n s a r e c o n c e r n e d . A group o f w a d i s f l o w i n t o t h e 

a c t i v e w a d i and d i s a p p e a r i n t h e c a v i t y o f t h e b e d r o c k . 

F i n a l l y , i t a p p e a r s t h a t t h e s m a l l w a d i s a r e i n f a c t arms 
( 12) 

t h e a n c i e n t h y d r o l o g i c a l s y s t e m . A c c o r d i n g t o D e s i o v ' 

t h e abandoned w a d i s become a c t i v e a g a i n when t h e b a s i n 

i s s i l t e d up. A t y p i c a l example i s r e p r e s e n t e d i n an 

a l i g n m e n t o f d e p r e s s i o n s i n t h e zone b e t w e e n E l - M a r j and 

T a c n i s . T h e s e c h a r a c t e r i s t i c s a r e f ound i n Z a w i y a t 

E l - G s u r e a s t - s o u t h - e a s t o f E l - M a r j where a s w a l l o w - h o l e 

c a l l e d Haua Bu Uden e x i s t s and w a t e r c o l l e c t s i n i t 

( V i d e P l a t e 3 B ) . A n o t h e r s w a l l o w - h o l e i s to be f ound n e a r 

to Got S i d i E l - G a d r i ^ 3 3 ) . 

SUMMARY 

. E l - M a r j P l a i n , and t h e c o a s t a l p l a i n to t h e 

s o u t h - w e s t o f T u l m e i t h a r e p r e s e n t t h e g r e a t e s t s c o p e f o r 

a g r i c u l t u r a l d e v e l o p m e n t . The w i d e f l a t s o f E l - M a r j P l a i n 

where 28, 000 h e c t a r e s o f s e t t l e d a g r i c u l t u r e e x i s t . , , h a v e 

a h e a v y s o i l o f T e r r a R o s s a t y p e . T h e r e i s i n f a c t no 

c o a s t a l p l a i n e a s t o f T u l m e i t h a b e c a u s e o f t h e a p p r o a c h o f 

t h e e s c a r p m e n t t o t h e s e a . The e s c a r p m e n t i s d e s s e c t e d by 

numerous w a d i s making t h e e x t e n s i o n o f t h e r o a d s y s t e m an 

e x p e n s i v e t a s k . To t h e e a s t o f E l - M a r j and on t h e h i g h 

J e b e l t h e l a n d i s r u g g e d and u n d u l a t i n g and a g r i c u l t u r e 

o c c u r s i n o n l y a few s c a t t e r e d p a t c h e s . T r a v e l on t h e 

p l a t e a u i s a r d u o u s b e c a u s e o f t h e t r a n s v e r s e w a d i s r u n n i n g 
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a c r o s s t h e c o u n t r y to t h e s e a . The w a t e r f l o w s i n 

t h e w a d i s d u r i n g t h e w i n t e r and e i t h e r r e a c h e s t h e s e a 

o r d i s a p p e a r s i n t o t h e p e r v i o u s l i m e s t o n e s w i t h o u t b e i n g 

u t i l i s e d by man. 
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CHAPTER I I 

G e o l o g y 

I n t r o d u c t i o n . 

The r e l i e f and l a n d f o r m s o f t h e E l - M a r j r e g i o n 

and o f n o r t h e r n C y r e n a i c a , a s a l r e a d y examined, owe much 

to g e o l o g y and s t r u c t u r e . I n c o m b i n a t i o n w i t h r e l i e f and 

c l i m a t e , g e o l o g i c a l f a c t o r s a l s o c o n t r o l t h e h y d r o l o g y 

and, a s we s h a l l s e e , t h e n a t u r e o f t h e p a r e n t m a t e r i a l f o r 

s o i l s i s o f extreme i m p o r t a n c e . L a s t l y o f c o u r s e t h e r e 

a r e t e c t o n i c s most o b v i o u s l y r e l e v a n t i n t h e e a r t h q u a k e 

h i s t o r y o f E l - M a r j . 

I n t h i s c h a p t e r a r e t h e r e f o r e c o n s i d e r e d , f i r s t 

t h e g e n e r a l g e o l o g i c a l s i t u a t i o n , and l a t e r v a r i o u s 

a s p e c t s o f p a r t i c u l a r i m p o r t a n c e . Most o f t h e d e t a i l i s 

b e s t examined u n d e r t h e h e a d s o f o t h e r phenomena, s u c h a s 

h y d r o l o g y , s o i l s e t c . 

Any u n d e r s t a n d i n g o f t h e c o n t e m p o r a r y human and 

economic s i t u a t i o n i n L i b y a must a l s o n e c e s s a r i l y t a k e 

t h e r e c e n t d i s c o v e r y and e x p l o i t a t i o n o f o i l i n t o a c c o u n t . 

The g e o l o g y o f C y r e n a i c a to t h e n o r t h o f t h e o a s i s 

d e p r e s s i o n s i s r e a s o n a b l y w e l l known. The f i r s t d e t a i l e d 

s t u d y was made by Sp?att (1865) w h i c h was f o l l o w e d by 

G r e g o r y (1908) , Crema ( 1922) , M a r c h e t t i ( 1934 ) , D e s i o ( 1-935) 

and t h e r e c e n t s t u d y by McBurney and Hey (1955)- The b e s t 
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a v a i l a b l e maps a r e t h e one o f D e s i o ' s (1935) and t h e most 
r e c e n t one c o m p i l e d by Conant and G o u d a r s i (±96k). 

L i b y a i s a p a r t o f t h e M e d i t e r r a n e a n f o r e l a n d 

w h i c h i s n o t c o m p l i c a t e d by a c o a s t a l b e l t o f s t r o n g l y 

f o l d e d s e d i m e n t s c o m p a r a b l e to t h e A t l a s Complex. However, 

a s e m b l a n c e o f m i l d c o m p r e s s i o n a l d e f o r m a t i o n i s s e e n i n t h e 

J e b e l Akhdar. T h i s r a n g e o f low m o u n t a i n s i s t h e 

t o p o g r a p h i c a l e x p r e s s i o n o f a h i g h l y f a u l t e d " a n t i c l i n o r i u m " 

i n w h i c h M e s o z o i c r o c k s h a v e b e e n u p l i f t e d e x p o s e d a t t h e 

c o r e . 

E p i r o g e n i c down-warping, t i l t i n g and b l o c k 

f a u l t i n g on a l e s s e r s c a l e h a v e d i f f e r e n t i a l l y d e p r e s s e d 

t h e L i b y a n f o r e l a n d a l l o w i n g p e r i o d i c a d v a n c e o f t h e 

a n c e s t r a l M e d i t e r r a n e a n ( T e t h y s ) s e a . Thus a l l o f t h e 

g e o l o g i c a l s y s t e m s a r e r e p r e s e n t e d i n t h e L i b y a n r e c o r d , 

b u t no s i n g l e b a s i n a p p e a r s to c o n t a i n a c o m p l e t e column 

( V i d e F i g . 1 0 ) . 

However, n o r t h e r n L i b y a c a n be d i v i d e d i n t o t h r e e 

m a j o r g e o l o g i c a l p r o v i n c e s e a c h h a v i n g i t s d i s t i n c t i v e 

h i s t o r y o f s e d i m e n t a t i o n . From w e s t t o e a s t t h e s e a r e : 

The Ghadajnues b a s i n , t h e S i r t e b a s i n o r Embayment and t h e 

C y r e n a i c a n p l a t e a u . The l a t t e r i s r e p r e s e n t e d by t h e 

f o r e l a n d o f e a s t e r n most I L i b y a w h i c h i s a basement p l a t f o r m 

h a v i n g g e n t l e n o r t h w a r d s l o p e , and on w h i c h p e i s m s o f 

P a l e o z o i c , M e s o z o i c , and T e r t i a r y s e d i m e n t s were d e p o s i t e d . 

M e s o z o i c s t r a t a t h i c k e n m a r k e d l y i n t h e n o r t h e r n p o r t i o n 
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o f t h e C y r e n a i c a n j p l a t f o r m f 

F i g u r e 10 i l l u s t r a t e s d i a g r a m m a t i c a l l y t h e 

s u b s u r f a c e o f t h e t h r e e n o r t h e r n p r o v i n c e s . V e r y l i t t l e 

o f t h i s s e c t i o n i s e x p o s e d a t t h e s u r f a c e . I t i s i n t e r e s t i n g 

to n o t e t h e b r o a d d i v i s i o n s i n l i t h o f a c i e s t h a t a r e 

a p p a r e n t . Whereas an a l t e r n a t i o n o f s a n d s and s h a l e s 

c h a r a c t e r i s e t h e P a l e o z o i c , c a r b o n a t e s and s h a l e s 

p r e d o m i n a t e t h r o u g h t h e l a t e C r e t a c e o u s and T e r t i a r y . 

As f a r a s t h e J e b e l Akhdar i s c o n c e r n e d , o f t h e 

r o c k s e x p o s e d on t h e s u r f a c e , a l l a r e o f s e d i m e n t a r y o r i g i n 

and a l m o s t a l l a r e m a r i n e l i m e s t o n e s . The o l d e s t known a r e 

o f Upper C r e t a c e o u s age; t h e s e a r e c o n f i n e d to two i n l i e r s 

on t h e c r e s t o f t h e J e b e l , and a n o t h e r t v o l o c a l i t i e s on 

th e n o r t h c o a s t . E o c e n e and O l i g o c e n e beds o c c u p y much 

l a r g e r a r e a s , though t h e s e a g a i n o c c u r o n l y i n and a r o u n d 

t h e J e b e l . The g r e a t e r p a r t o f n o r t h e r n C y r e n a i c a i s 

c o v e r e d by r o c k s o f Miocene age, t h o s e o f M i d d l e Miocene 

b e i n g e s p e c i a l l y w i d e s p r e a d . Younger b e d s , on t h e o t h e r 

hand a p a r t from t h e s e o f P l e i s t o c e n e a r e o n l y d o u b t f u l l y 

p r e s e n t , and must i n any c a s e be o f v e r y l i m i t e d 

d i s t r i b u t i o n ( V i d e F i g . l l ) . 

Most o f t h e r e g i o n a p p e a r s t o have a v e r y s i m p l e 

g e o l o g i c a l s t r u c t u r e , t h e be d s showing n o t h i n g more t h a n a 

g e n t l e '.southerly d i p . T e c t o n i c c o m p l i c a t i o n s a r e known 

o n l y from M a r m a r i c a and from t h e J e b e l i t s e l f . I n t h e 
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l a t t e r a r e a , t h e s e c o m p l i c a t i o n s a r e m a i n l y i n t h e form o f 
f a u l t s and monodines, sometimes o f c o n s i d e r a b l e downthrow 
and extent.. 

The f o l l o w i n g c l a s s i f i c a t i o n b a s e d on t h e work o f 

G r e g o r y and t h e I t a l i a n g e o l o g i s t s h a s been a d a p t e d f o r t h e 

r o c k s o f e a c h s y s t e m t h a t i s known to o c c u r i n t h e a r e a o f 

s t u d y : -

Group S y s t e m S e r i e s ^ S t a g e 

P o s t T e r t i a r y R e c e n t 

o r P l e i s t o c e n e . Upper 

Quat e r n a r y Lower 

P l i o c e n e 

T e r t i a r y Upper T e r t i a r y 

Miocene 
M i d d l e T o r t o n i o n 

o r Miocene 
H e l v e t i a n 

C a i n o z o i c Lower L a n g h i a n 

A q u i t a n i a n 

Upper C h a t t i a n 

O l i g o c e n e M i d d l e R u p e l i a n 

Lower •Lat t o r f i a n 

Upper P r i a b o n i a n 

E o c e n e M i d d l e • L u t e t i a n 

Lower 

S e c o n d a r y C r e t a c e o u s Upper -Danian ( i n c l u d i n g 
M a e s t r i c h t i a n ) 

o r - Seno.nian 
T u t o n i a n 

M e s o z o i c Cehomoriian 
Nubian ( o f P o s t P l e o z o i c 
S e r i e s t o p r e - T e r t i a r y 

— A g p ) . — 
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Th e r o c k s o f e a c h s y s t e m w i l l now be b r i e f l y examined 

b e g i n n i n g w i t h t h e o l d e s t (Upper C r e t a c e o u s ) and p a s s i n g 

upwards t h r o u g h the s e r i e s i n o r d e r o f d e c r e a s i n g age to t h e 

y o u n g e s t d e p o s i t s . 

Upper C r e t a c e o u s : -

D e s i o (1933) m e n t i o n e d one s m a l l o u t c r o p o f 

C r e t a c e o u s i n C y r e n a i c a , w h i c h had b e e n d i s c o v e r e d by Crema 

(1922) i n Wadi B a c u r , between T o c r a and E l - M a r j , n e a r where 

t h e r o a d a s c e n d s t h e f a c e o f t h e J e b e l ( V i d e P l a t e 4 a ) . 

T h i s e x p o s u r e i s shown on D e s i o ' s g e o l o g i c a l map a s a s t r i p 

a l o n g t h e same l i n e a s G r e g o r y ' s " T o c r a f a u l t " . S i n c e 

t h e n , m a i n l y by M a r c h e t t i , C r e t a c e o u s r o c k s h a v e been p r o v e d 

to o c c u r i n a number o f l o c a l i t i e s i n t h e J e b e l . M a r c h e t t i 

(1934) s t a t e s t h a t t h e C r e t a c e o u s o f Wadi B a c u r n e a r T o c r a 

a p p e a r s a s a s m a l l l e n s o f w h i t e and g r e y m a r l y l i m e s t o n e s 

w i t h n o d u l e s o f f l i n t and a few f o s s i l s o f Upper C r e t a c e o u s 

( M a e s t r i c h t i a n ) age, w h i c h forms an i n l i e r i n a s m a l l f o l d . 

The C r e t a c e o u s l i m e s t o n e s g e n e r a l l y v a r y b u t 

s l i g h t l y , a r e w h i t e o r l i g h t y e l l o w i n c o l o u r , m o s t l y 

n u m m u l i t i c , some w i t h f l i n t , and a r e m e c h a n i c a l l y s o f t . 

A c c o r d i n g to M a r c h e t t i , i t i s p r o b a b l e t h a t 

b e tween T o c r a and T u l m e i t h a n e a r t h e mouth o f t h e deep w a d i s 

o u t c r o p s o f t h e s e h o r i s s o n s e x i s t w h i c h have n o t y e t b e e n 
(1 ) 

d i s c o v e r e d . T h i s was c o n f i r m e d now on t h e Conant and 

Gouda rzi's g e o l o g i c a l map (196k), which shows t h e Upper 
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C r e t a c e o u s b e d s a s a c o n t i n u o u s s t r i p a l o n g t h e f i r s t 

e s c a r p m e n t b e t w e e n T u l m e i t h a and T o c r a ( V i d e F i g . 1 1 ) . 

The l a r g e s t e x p o s u r e o f C r e t a c e o u s b e d s , r o u g h l y 

20 km. from n o r t h t o s o u t h and 30 km. from e a s t t o w e s t , 

i s a r o und J a r d a s E l - A b i d , s o u t h o f E l - M a r j . T h e s e 

beds b e l o n g t o t h e Upper C r e t a c e o u s and a r e c o u r s e , compact, 

y e l l o w i ^ i l i m e s t o n e s , y e l l o w and g r e y i s h m a r l y l i m e s t o n e s and 

m a r l s and c r y s t a l l i n e l i m e s t o n e s . F o s s i l s a r e abundant b u t 

a r e g e n e r a l l y i n t e r n a l c a s t s and b a d l y p r e s e r v e d . At 

J a r d a s E l - A b i d and Got S a s f o s s i l s o f Cenomonian age were 

found and l o w e r S e n o n i a n f o s s i l s o c c u r n e a r Got S a s 

and a l i t t l e to t h e w e s t o f G a s r G e b e l a (12 kms. n o r t h 

e a s t o f T o c r a ) . Beds o f compact l i m e s t o n e c o n t a i n i n g 

o y s t e r s and s e a - u r c h i n s , a l t e r n a t i n g w i t h c o u r s e l i m e s t o n e 

a p p e a r to r e p r e s e n t t h e u p p e r p a r t o f t h e C r e t a c e o u s a l o n g 

t h e n o r t h e r n m a r g i n o f t h i s e x p o s u r e . The w e s t e r n 

b o u n d a r y b e t w e e n i t and t h e E o c e n e i s a n o r t h to s o u t h 

f a u l t p a r a l l e l to S i d i Mahius f a u l t ; on t h e n o r t h i t p a s s e s 

u n d e r t h e E o c e n e , w h i l e on t h e e a s t and s o u t h t h e O l i g o c e n e 

i s t r a n s g r e s s i v e on i t . 

(2) 

D e s i o r e m a r k s t h a t i f f a u l t i n g h a s n o t t a k e n 

p l a c e a l o n g t h e c o n t a c t b e t w e e n t h e Upper C r e t a c e o u s and t h e 

E o c e n e , t h e E o c e n e must be t r a n s g r e s s i v e on t h e C r e t a c e o u s 

and f u r t h e r r e s e a r c h s h o u l d be u n d e r t a k e n t o e l u c i d a t e t h i s 
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p o i n t a s i t would be of. g r e a t p r a c t i c a l i m p o r t a n c e , b e c a u s e 

o f t h e v a l u a b l e d e p o s i t s o f p h o s p h a t e f o u n d n e a r t h e top 

o f t h e C r e t a c e o u s i n n e i g h b o u r i n g c o u n t r i e s . 

T e r t i a r y o r C a i n o z o i c 

E o c e n e : -

The s t r a t a o f t h e E o c e n e s y s t e m a r e w i d e l y 

d i s t r i b u t e d i n t h e J e b e l A khdar. T h r o u g h o u t t h i s a r e a t h e i r 

l i t h o l o g i c a l f e a t u r e s and f o s s i l s p e c i e s r e m a i n r e m a r k a b l y 

c o n s t a n t and t h e y a t t a i n a t h i c k n e s s o f o v e r 200 m. 

a. Lower E o c e n e : - G r e g o r y ' s A p o l l o n i a l i m e s t o n e s ; 

M a r c h e t t i s t a t e s t h a t t h e p a s s a g e from t h e C r e t a c e o u s t o 

th e E o c e n e i s c l e a r l y v i s i b l e o n l y a t Wadi B a c u r and 

T u l m e i t h a , where t h e l o w e r m a r l y l i m e s t o n e s w i t h t h e 

C r e t a c e o u s f o s s i l s p a s s i n s e n s i b l y i n t o t h e o v e r l y i n g 

compact f l i n t b e a r i n g l i m e s t o n e s w i t h w h i c h t h e y a r e 

p e r f e c t l y c o n f o r m a b l e . 

Lower E o c e n e beds e x t e n d w i t h o u t b r e a k b e t w e e n 

S a h e l E l - M n e i t i r ( e a s t of T u l m e i t h a ) and B e r s i s , where t h e y 

form t h e b a s e o f t h e f i r s t e s c a r p m e n t and a l s o t h e c o a s t a l 

p l a i n b etween S a h e l E l - M n e . i t i r and T o c r a . They a l s o a p p e a r 

a t t h e f o o t o f t h e s e c o n d e s c a r p m e n t b e t w e e n E l - M a r j and 

E l - G h a r i b . They c o n s i s t o f m a s s i v e compact s i l i c e o u s 

l i m e s t o n e s w i t h a number o f s h e l l y beds c o n t a i n i n g many 

f o r a m i n i f e r a , and t h e y a r e t e r m i n a t e d a t t h e top by a 

b r e c c i a f l i n t f r a g m e n t s . 
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b. M i d d l e E o c e n e : - The most e x t e n s i v e s t r a t a i n E l -
Mar j P l a i n a r e o f t h e M i d d l e E o c e n e ( G r e g o r y ' s D e r n a 
L i m e s t o n e s ) . T h e y e x t e n d from E l - H a n i a to t h e s o u t h w e s t 
a l o n g t h e crest'of the f i r s t e s c a r p m e n t , and t h e y form a l m o s t 
t h e whole o f E l - M a r j P l a i n to about 40 km. s o u t h o f E l -
Hemda. The M i d d l e E o c e n e beds e x t e n d a l s o to t h e s o u t h 
f o r m i n g t h e s e c o n d e s c a r p m e n t a t J e b e l E l - A b i d , and a r o u n d 
t h e C r e t a c e o u s o f J a r d a s E l - A b i d . The s e c o n d e s c a r p m e n t 
s o u t h o f E l - M a r j c o n t i n u e s w e s t w a r d s a l o n g t h e p l a i n o f 
S i l i n a and i s formed m a i n l y by t h e M i d d l e E o c e n e . 

On t h e e a s t e r n M a r g i n o f E l - M a r j P l a i n t h e cream 

c o l o u r e d l i m e s t o n e s w i t h n u m m u l i t e s form t h e r e l i e f f e a t u r e s 
(3) 

s u r r o u n d i n g t h e p l a i n . Around E l - G s u r D e s i o v r e c o r d s t h e 

e x i s t e n c e o f s o f t w h i t e n u m m u l i t i c l i m e s t o n e s c h a r a c t e r i s e d 

i n p a r t s by t h e M i d d l e E o c e n e . Between E l - G s u r and t h e edge 

o f t h e s e c o n d e s c a r p m e n t t h e c o l o u r o f t h e l i m e s t o n e s 

becomes y e l l o w . 

The M i d d l e E o c e n e forms t h e n o r t h e r n b o u n d a r y o f 

E l - M a r j P l a i n a t S i d i S a i d and E l - K h a w a b i where t h e w h i t e 

s o f t l i m e s t o n e s p r e d o m i n a t e . T h e s e l i m e s t o n e s have a sandy 

a s p e c t and c o n t a i n e x t r a o r d i n a r y q u a n t i t i e s i n s i l i c e o u s 

n u m m u l i t e s and a p p a r e n t l y o f numruulites w h i c h a r e G i z e h e n s i s 

i n o r i g i n and o f L u t e t i a n t y p e . Between t h e l o c a l i t i e s o f 

S i d i S a i d and S i d i D a k h i l t h e Miocene i s t r a n s g r e s s i v e 

on t h e M i d d l e E o c e n e . 
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A l o n g t h e c o n t i n u a t i o n o f t h e c r e s t o f t h e f i r s t 
e s c a r p m e n t t o w a r d s t h e w e s t - s o u t h - w e s t , t h e L u t e t i a n 
n u m m u l i t i c l i m e s t o n e s a p p e a r n e a r E l - G a t r i s on t h e r o a d 
to T o c r a . T h e y a r e w h i t e s o f t l i m e s t o n e s w i t h o t h e r 
compact cream c o l o u r e d l i m e s t o n e s . The M i d d l e E o c e n e 
f o r m a t i o n s e x t e n d a r o u n d F a r z u g h a and s o u t h w a r d s t o E l -
Hemda. 

The t y p i c a l L u t e t i a n a p p e a r s a t t h e s e r i e s o f t h e 

s e c o n d e s c a r p m e n t s o u t h o f E l - M a r j w i t h Nummulites G i z e h e n s i s . 
(4) 

The s t r a t a form a p a s s a g e t o t h e Upper E o c e n e v . 

A c c o r d i n g to G r e g o r y , s i x k i l o m e t r e s s o u t h o f 

E l - M a r j t h e r e a r e e x p o s u r e s o f a l i m e s t o n e w i t h n u m m u l i t e s , 

w h i c h no doubt b e l o n g t o D e r n a l i m e s t o n e s ^ ' ( M i d d l e 

E o c e n e ) . The M i d d l e E o c e n e o u t c r o p s a l s o n e a r Bu Semah. 

The M i d d l e E o c e n e y i e l d s a good b u i l d i n g s t o n e . 

C. Upper E o c e n e . 

I n t h e s e c o n d e s c a r p m e n t s o u t h o f E l - M a r j t h e 

Upper E o c e n e i s r e p r e s e n t e d by s o f t , w h i t e n u m m u l i t i c 

l i m e s t o n e s and t h e S l o n t a l i m e s t o n e s o f t h e J e b e l a r e a l s o now 

r e g a r d e d a s b e i n g o f Upper E o c e n e age. 

The Upper E o c e n e f o r m a t i o n s o f s i m i l a r 

l i t h o l o g i c a l c h a r a c t e r s to t h e M i d d l e E o c e n e f o l l o w 

r e g u l a r l y on t h e top o f t h e M i d d l e E o c e n e a t t h e f a u l t e d 

j u n c t i o n s o f t h e E o c e n e w i t h t h e C r e t a c e o u s w e s t o f 

J a r d a s - E l - A b i d and r u n s e a s t w a r d s a l o n g t h e summit o f t h e 
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s e c o n d e s c a r p m e n t to t h e south, o f A p o l l o n i a . A tongue 
e x t e n d s to t h e e a s t , |_ s o u t h o f E l - B e i d a . 

O l i g o c e n e : -

The O l i g o c e n e f o r m a t i o n c o v e r s most o f t h e 

c e n t r a l J e b e l . The s e r i e s from t h e b a s e upwards c o n s i s t s 

o f s o f t w h i t e l i m e s t o n e w i t h n u l l i p o r e s , s m a l l n u m m u l i t e s , 

s e a u r c h i n s and m o l l u s c s ; t h e n s a n d y l i m e s t o n e s w i t h 

brown s h e l l y beds c o n t a i n i n g n u m m u l i t e s i n t e r m e d i u s , 
(6) 

s e a - u r c h i n s , and m o l l u s c s and f i n a l l y c o r a l l i m e s t o n e s . 

However, a tongue s t r e t c h e s from t h e T a c n i s 

a r e a t o a r o u n d t h e M i d d l e E o c e n e o f J a r d a s E l - A b i d 

C r e t a c e o u s . The a d d i t i o n to o u r knowledge o f t h e O l i g o c e n e 

s i n c e 1938 h a s b e en i t s e x t e n s i o n t o t h e e a s t o f E l -

A b i a r . The g e o l o g i c a l map o f L i b y a (1964) shows t h e 

O l i g o c e n e e x t e n d i n g n o r t h w a r d s a c r o s s t h e s e c o n d 

e s c a r p m e n t and s o u t h w e s t o f E l - M a r j P l a i n to s o u t h - e a s t 

o f F a r z u g h a . I t t h e n s w i n g s t o w a r d s t h e s o u t h e a s t i n a 

s t r i p t o t h e n o r t h e a s t o f E l - A b i a r , and t h e n to t h e w e s t 

where i t meets t h e f i r s t e s c a r p m e n t 20 km. e a s t o f E l -

A b i a r ( V i d e F i g . l l ) D e s i o m e n t i o n s t h e e x i s t e n c e (20 kms. 

e a s t o f E l - M a r j and a r o u n d T a c n i s ) o f t h e O l i g o c e n e 

f o r m a t i o n s o f y e l l o w i s h f l i n t y p o r o u s l i m e s t o n e s , a s s o c i a t e d 

w i t h w h i t e - b r o w n i s h l i m e s t o n e s . 

G e n e r a l l y s p e a k i n g t h e c o n t i n u i t y o f t h e 

s e d i m e n t a t i o n between t h e E o c e n e and t h e O l i g o c e n e seems 

w e l l e s t a b l i s h e d w i t h t h e e x c e p t i o n o f c e r t a i n p o i n t s 
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(7) i n d i c a t i n g t h e e x i s t e n c e o f c e r t a i n g a p s w . The 
O l i g o c e n e f o r m a t i o n s would be p a r t l y c o a s t a l and p a r t l y 
c o n t i n e n t a l , w h i l e t h e Upper O l i g o c e n e i s marked by 
m a r i n e s e d i m e n t s o f l i t t l e d e p t h , t h e M i d d l e and t h e 
Lower a r e c o n s t i t u t e d by c o n t i n e n t a l and l a g o o n f o r m a t i o n s . 

The Miocene;— The Miocene r o c k s i n E l - M a r j P l a i n a r e 

s p a r s e l y r e p r e s e n t e d , and o n l y i n t h e w e s t e r n p a r t o f t h e 

p l a i n . The Miocene f o r m a t i o n s c o n s t i t u t e a l m o s t t h e whole 

o f B e n g h a z i p l a i n t o a p o i n t o f 18 kms. n o r t h e a s t o f 

T o c r a i n t h e n o r t h e r n d i r e c t i o n . 

The Lower Miocene' o r A q u i t a n i a n : - The r e c e n t g e o l o g i c a l 

map (1964) shows a n a r r o w s t r i p r u n n i n g s o u t h t o n o r t h 

f o r about 50 kms. a l o n g t h e summit o f t h e f i r s t 

e s c a r p m e n t w e s t o f E l - A b i a r . The f o r m a t i o n s a r e w h i t e 

f o s s i l i f e r o u s d e t r i t a l l i m e s t o n e s o f e a r t h y m a t e r i a l , and 

become m a r l y above and more m a s s i v e and l o c a l l y d o l o m i t i c 

below. A n o t h e r o u t c r o p o f l o w e r Miocene i s on the h i g h 

J e b e l 15 kms. e a s t o f J a r d a s E l - A b i d where i t e x t e n d s 

e a s t w a r d s and s o u t h w a r d s t o c o n s t i t u t e most o f n o r t h e r n 

C y r e n a i c a . 

The M i d d l e Miocene ) m 

o r H e l v e t i o n T o r t o n i a n ) * " ~ The M i d d l e Miocene f o r m a t i o n s 

i n t h e s o u t h w e s t o f E l - M a r j P l a i n o c c u p y t h e a r e a b e t w e e n 

S i d i Bu Z e i d i n t he n o r t h , S l e a i a and Bu Semah i n t h e 

e a s t , M l e t a n i a i n t h e w e s t and s o u t h w a r d s t h e y c o v e r t h e 

E l - A b i a r a r e a . The f o r m a t i o n s a r e o r g a n i c d e t r i t a l 
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l i m e s t o n e s and f o s s i l i f e r o u s w h i t e s a n d y l i m e s t o n e and 
c a l c a r e o u s s a n d s t o n e o f B e n g h a z i P l a i n . 

However, t h e f o r m a t i o n s i n the s o u t h w e s t o f 

E l - M a r j P l a i n and i n E l - A b i a r a r e a a r e r e p r e s e n t e d i n t h e 

form o f w h i t e compact f o s s i l i f e r o u s l i m e s t o n e s . The 

f o r m a t i o n s a r e d i s p o s e d i n h o r i z o n t a l beds and t h e f o s s i l s 

a r e w e l l p r e s e r v e d i n a form o f marked p a t t e r n c o n t a i n i n g 

s n a i l s i n t h e r o c k s . The c a l c a r e o u s s u r f a c e i s e r o d e d 

by r u n - o f f , and t h e d e p r e s s i o n s a r e c o v e r e d by t h i c k 

d e p o s i t s o f T e r r a R o s s a m i x e d w i t h r u b b l e . T h i s a s p e c t 

i s o b s e r v e d i n t h e a r e a b e t w e e n Bu Semah and E l - A b i a r . 

The c o a s t a l p l a i n from a p o i n t 18 kms. n o r t h o f 

T o c r a to a p o i n t . j u s t e a s t o f B e n g h a z i i s formed o f 

W h i t e , y e l l o w i s h and a s h - c o l o u r e d l i m e s t o n e s w i t h 

l i t h o t h a m i n i u m and f o s s i l i f e r o u s p a t c h e s c o n t a i n i n g 

o s t r e a f r o n d o s a , p e c t e n a d u n i u s e t c . T h e s e l i m e s t o n e s 

c o n t i n u e s o u t h w a r d s to A j e d a b i a where s h e l l y l i m e s t o n e s 

p r e d o m i n a t e . 

Upper M i o c e n e : - As f a r a s E l - M a r j P l a i n i s c o n c e r n e d no 

f o r m a t i o n s o f t h i s age a r e r e p r e s e n t e d i n t h e r e g i o n . 

T h e r e a r e l e n s e s o f m a s s i v e gypsum o b s e r v e d b e t w e e n B e n i n a 

and E l - R e g i m a . A c c o r d i n g to S t e f a n i n i , t h e E l - R e g i m a 

gypsum b e l o n g s to t h e Upper Miocene. G e n e r a l l y s p e a k i n g 

t h e s e d e p o s i t s p r e s e n t no i n t e r e s t from t h e p o i n t o f v i e w 

o f economic v a l u e . 
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P l i o c e n e : - T h e r e a r e no P l i o c e n e d e p o s i t s i n t h e whole 

o f n o r t h e r n C y r e n a i c a . 

Q u a t e r n a r y ; - The Q u a t e r n a r y d e p o s i t s i n n o r t h e r n C y r e n a i c a 

do n o t a t t a i n t h e t h i c k n e s s o f t h o s e o f t h e p r o c e e d i n g 

f o r m a t i o n s , b u t t h e y c o v e r l a r g e p a r t s o f t h e r e g i o n and i n 

p l a c e s a l m o s t c o m p l e t e l y mask t h e u n d e r l y i n g b e d s . 

We may, w i t h Hey, c o n s i d e r t h e P l e i s t o c e n e 

a s f o l l o w s : -

1. M a r i n e d e p o s i t s 

2. C o n t i n e n t a l d e p o s i t s 
a. A l l u v i a l d e p o s i t s 
b. C o n s o l i d a t e d due d e p o s i t s 
c. T u f e c e o u s d e p o s i t s 

M a r i n e D e p o s i t s : - I t h a s a l r e a d y b e e n p o i n t e d o u t i n t h e 

c h a p t e r on r e l i e f t h a t t h e l o w e r e s c a r p m e n t p o s s e s s e s a 

s t e p p e d t o p o g r a p h y composed o f a l t e r n a t e c l i f f s and 

t e r r a c e s . I t a l s o h a s p a t c h e s o f m a r i n e d e p o s i t s on t h e 

s u r f a c e . The t e r r a c e s a r e c o n s i d e r e d to be a n c i e n t wave 
(8) 

c u t p l a t f o r m s and t h e c l i f f s t o be o f m a r i n e o r i g i n ^ '. 

The t o t a l number o f s h o r e l i n e s i n t h e a r e a 

c o n c e r n e d a r e f i v e . The f o l l o w i n g i s a l i s t o f l e v e l s 

and l o c a l i t i e s a t w h i c h a n c i e n t s h o r e l i n e s a r e t h o u g h t 

t o h a v e been r e c o g n i s e d i n t h e region, w i t h a f a i r d e g r e e 

o f c e r t a i n t y : -

150-200 m. T o c r a - A n t e l a t ( s t i l l somewhat 
d o u b t f u l ) . 

90 m. B e n i n a 
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33 and 20 m. T u l m e i t h a 
15 + m. B e n g h a z i 
5-6 m. T o c r a ? C o e f i a , B e n g h a z i . 

I t i s v e r y p r o b a b l e t h a t t h e e s c a r p m e n t between 

T o c r a and A n t e l a t r e p r e s e n t s t h e c l i f f o f a s i n g l e m a r i n e 

s h o r e l i n e whose a l t i t u d e s now l i e b e t w e e n 150 and 200 m. 

I f s o , i t c a n be concluded t h a t t h e f e a t u r e was formed a t 

a t i m e when t h e s e a i t s e l f s t o o d b e t w e e n 150 and 200 m. 

above i t s p r e s e n t l e v e l , and t h a t i t h a s s u b s e q u e n t l y 
(9) 

undergone no i m p o r t a n t t e c t o n i c d i s t u r b a n c e s . T h i s 

w ould be t h e t i m e a t w h i c h t h e c o a s t a l p l a i n was f i r s t 

b r o u g h t i n t o e x i s t e n c e by t h e a c t i o n o f m a r i n e e r o s i o n . 

A c c o r d i n g t o t h i s t h e p l a i n must be o l d e r t h a n B e n i n a 

and T o c r a s t e p s w h i c h t h u s r e p r e s e n t t h e t o t a l e f f e c t s o f 
^ 4- ( 1 0 ) s u b s e q u e n t m a r i n e e r o s i o n . v ' 

A c c o r d i n g to Hey i t i s a l m o s t s u r e t h a t t h e 

T o c r a s t e p w i t h i t s c o n s t a n t l e v e l o f 5 m. maintained 

o v e r a d i s t a n c e o f a t l e a s t 18 kms. must owe i t s p r e s e n t 

e l e v a t i o n e n t i r e l y to a s h i f t o f s e a - l e v e l . I t i s o n l y 

s l i g h t l y l e s s c e r t a i n t h a t t h i s i s a l s o t r u e o f t h e o t h e r 

f r a g m e n t s o f s h o r e l i n e w h i c h were found t o l i e a t t h e 

same a l t i t u d e . The B e n i n a s t e p i s a l s o a m a r i n e c l i f f . To 

t h e w e s t o f T u l m e i t h a t h e f r a g m e n t s o f t h e two w e l l 

d e v e l o p e d t e r r a c e s were embanked w i t h c o n s o l i d a t e d dunes, 

b u t t h e l o w e r o f t h e two i n d i c a t e d a s h o r e l i n e a t an 

a p p r o x i m a t e l e v e l o f 20 m. The C y r e n a i c a n s h o r e l i n e s 
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may be r e l a t e d to t h e g e o l o g i c a l t i m e s s c a l e s e s t a b l i s h e d 

i n t h e w o r l d . I s o l a t e d f r a g m e n t s o f . s h o r e l i n e l e v e l s 

b e t ween 6 and 9 m. have b e e n r e p o r t e d -from a l l o v e r t h e 

w o r l d , and s e v e r a l good e x a m p l e s a r e known o f s h o r e l i n e s 

w h i c h r e m a i n between t h e s e l e v e l s f o r g r e a t d i s t a n c e s . 

Thus t h e p o s i t i o n o f t h e l o w e s t d i s t i n c t s h o r e l i n e on t h e 

c o a s t o f t h e e a s t e r n U n i t e d S t a t e s i s marked by a f e a t u r e 

known a s t h e S u f f o l k S c a r p w h i c h r u n s f o r 800 m i l e s 

(1300 kms.) b etween New J e r s e y and F l o r i d a . S i m i l a r l y on 

t h e c o a s t o f S o u t h A f r i c a t r a c e s o f s h o r e l i n e a t 6 m. 

h a v e b e e n f o u n d f o r a d i s t a n c e o f 1500 kms. from t h e 

N o l l o r t h to D u r b a n i 1 1 ) 

The 6 m. s h o r e l i n e h a s b e e n a s s i g n e d t o t h e L a s t 

I n t e r g l a c i a l . On t h e b a n k s o f ¥. Z u i a n a , b e a c h d e p o s i t s 

a r e found and c o u l d be t r a c e d ' u p s t r e a m from t h e modern 

s h o r e a s f a r a s i t s t e r m i n a t i o n , 6.4 m. above s e a - l e v e l 

a t t h e f o o t o f a low c l i f f . 

2. The C o n t i n e n t a l D e p o s i t s : - The C o n t i n e n t a l P l e i s t o c e n e 

d e p o s i t s a r e d i v i d e d i n t o t h r e e c a t e g o r i e s a s f o l l o w s : -

d e p o s i t s composed l a r g e l y o f a l l u v i a l m a t e r i a l , d e p o s i t s 

o f c o n s o l i d a t e d dune, and d e p o s i t s w h i c h i n c l u d e much 

t u f a c e o u s m a t e r i a l . 

.a. A l l u v i a l D e p o s i t s : - The g r e a t e r p a r t o f t h e a l l u v i a l 

d e p o s i t s o c c u r a s f a n s a t t h e mouths o f t h e g o r g e s wh±h 

emerge from t h e l o w e r e s c a r p m e n t i n t h e c o a s t a l p l a i n 
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between W... E s - 6 l e i b (7 kins. S.¥. o f T o c r a ) and D e r n a . The 

two m a i n c o n s t i t u e n t s o f d e p o s i t s a r e f r a g m e n t s o f r o c k 

o f l o c a l d e r i v a t i o n and m a t r i x w h i c h g e n e r a l l y c o n s i s t s 

a l m o s t e n t i r e l y o f T e r r a R o s s a . The T e r r a R o s s a i s 

o b v i o u s l y d e r i v e d h a v i n g p r e s u m a b l y o r i g i n a t e d on t h e b r o a d 

and l e v e l l i m e s t o n e s u r f a c e o f t h e h i g h e r J e b e l where 

i t s t i l l o c c u r s . ( T h e T e r r a R o s s a w i l l be d e a l t w i t h i n 

t h e c h a p t e r on s o i l s . ) 

I n some c a s e s t h e m a t e r i a l i s w i t h i n t h e gorge 

i t s e l f , i t s u p p e r s u r f a c e f o r m i n g a s i n g l e t e r r a c e . T h e s e 

f e a t u r e s o v e r l i e t h e 6 m. s h o r e l i n e . The m a t e r i a l o f 

w h i c h t h e y a r e composed i s r e f e r r e d to by Hey a s Younger 

G r a v e l s . The d e p o s i t s a r e t h o u g h t t o h a v e b e e n l a i d down 

a t a t i m e when w i n t e r was v e r y c o l d , t h e r a i n f a l l p e r h a p s 

moderate and s e a s o n a l ^ ^. 

b. C o n s o l i d a t e d Dunes:- The d e p o s i t s o f c o n s o l i d a t e d 

dunes a r e o f m a r i n e o r i g i n and most a r e i n t h e form o f 

g e n u i n e f o s s i l d u n e s , a d j a c e n t t o t h e modern s h o r e . I t 

h a s beenmade c l e a r i n t h e c h a p t e r on r e l i e f t h a t t h e f o s s i l 

dunes a r e p r e s e n t a r o u n d t h e e n t i r e c o a s t b e t w e e n D e r i a n a 

and a p o i n t o f 8 kms. N.E. o f T o c r a , and b e t w e e n W. 

Giargarummah and E l - H a n i a . 

However, t h e m a j o r i t y o f t h e s e f o s s i l dunes a r e 

y o u n g e r t h a n t h e 6 m. s h o r e l i n e and so t h e y a r e c a l l e d 

y o u n g e r f o s s i l d u n e s , p r e s u m a b l y formed when t h e s e a - l e v e l 
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s t o o d c o n s i d e r a b l y l o w e r t h a n a t p r e s e n t . 

T h e r e a r e a l s o submerged f o s s i l dunes o f f s h o r e 

T u l m e i t h a w h i c h d e n o t e a s e a - l e v e l no h i g h e r t h a n 17m.; 
(13) 

t h e i r d i s t r i b u t i o n a l s o i n d i c a t e s n o r t h w e s t e r l y w i n d s . ' 

c . T u f a c e o u s Deposits:- The g r e a t m a j o r i t y o f t h e 

o c c u r r e n c e s o f t h e t u f a c e o u s d e p o s i t s were s m a l l and l o c a l . 

They a r e a l m o s t a c o n s t a n t f e a t u r e o f t h o s e w a d i s w h i c h 

c o n t a i n p e r e n n i a l s p r i n g s a t t h e p r e s e n t day. 

T e c t o n i c s : -

On t h e J e b e l some f a u l t i n g h a s o c c u r r e d and t h e r e 

a r e c o n s i d e r a b l e d i s t u r b a n c e s ( V i d e F i g . 12). G r e g o r y 

c l a i m e d t h a t he l o c a t e d f i v e f a u l t s . M a r c h e t t i i n 193^ 

c o n f i r m e d t h e e x i s t e n e e o f two o f t h e G r e g o r y * s f a u l t s . 

One was f o u n d to f o l l o w t h e l o w e r e s c a r p m e n t from t h e N.E. 

o f B e n i n a becoming monocline t r a c e a b l e a s f a r a s T u l m e i t h a . 

Moreover, F i g u r e No.12 shows t h a t t h e f a u l t i n g c o n t i n u e s 

a l o n g t h e f i r s t e s c a r p m e n t e a s t o f T u l m e i t h a a s f a r a s 

A p o l l o n i a ( S u s a ) . The o t h e r f o l l o w e d t h e u p p e r e s c a r p m e n t 

and c a n be t r a c e d from a t l e a s t 30 kms. s o u t h w e s t o f 

E l - M a r j to C y r e n e . 

I t must be p o i n t e d out t h a t b o t h . f a u l t s a r e 

n o t q u i t e c o n t i n u o u s . The l o w e r e s c a r p m e n t seems t o h a v e 

l e s s f a u l t i n g a l o n g i t p a r t i c u l a r l y e a s t o f T u l m e i t h a , . 

The p r i n c i p a l d i r e c t i o n o f t h e f a u l t s i s c o n s i d e r e d 

t o be a l m o s t p a r a l l e l t o t h e c o a s t and t h e edge o f t h e 
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e s c a r p m e n t s i n c e t h e f u n d a m e n t a l t e c t o n i c t r e n d s o f 

n o r t h e r n C y r e n a i c a a r e d i s p o s e d i n t h i s d i r e c t i o n , i . e . t h e 

numerous s m a l l f a u l t s o f E l - M a r j p l a i n , J a r d a s E l - A b i d , t h e 

f l e x u r e o f T o c r a , t h e a n t i c l i n a l a x i s o f t h e d o r s a l o f t h e 

h i g h J e b e l , t h e u n d u l a t i o n o f t h e a r e a b e t w e e n E l - M a r j P l a i n 

and E l - M a g a h i r , and t h e s m a l l f a u l t s on t h e u p p e r t e r r a c e 

b e tween W. Giargarummah and s o u t h o f R a s Aamer ( V i d e F i g . 1 2 ) . 

T h e r e i s a t h i r d f a u l t r u n n i n g from t h e n o r t h o f 

J a r d a s E l - A b i d t o t h e w e s t w h i c h marks t h e n o r t h e r n and 

w e s t e r n l i m i t s o f t h e C r e t a c e o u s o f J a r d a s E l - A b i d . T h i s 

f a u l t i s t h e m a j o r o f numerous minor f a u l t s a r o u n d J a r d a s 

E l - A b i d . 

The E l - M a r j f a u l t b r i n g s t h e Miocene o f S i d i 

Mahius p l a i n (S.W. o f E l - M a r j ) i n t o c o n t a c t w i t h t h e E o c e n e 

o f t h e u p p e r t e r r a c e . F u r t h e r i n l a n d , t h e f a u l t o f J a r d a s 

E l - A b i d from t h e w e s t e r n l i m i t o f t h e C r e t a c e o u s o u t c r o p 

t h e r e , a g a i n s t w h i c h t h e E o c e n e h a s b e e n f a u l t e d down. 

M a r c h e t t i g i v e s a g e o l o g i c a l s e c t i o n r u n n i n g s o u t h 

e a s t from T o c r a , Vhich p a s s e s t h r o u g h E l - M a r j P l a i n t o J a r d a s 

E l - A b i d and f u r t h e r i n l a n d to H e i r a u l E l - A g a b a . and Gur 

E l - A g a b a ( V i d e F i g . 13) > and c u t s a c r o s s two f o l d s ^ 1 ^ . 

The f i r s t f o l d i s a l o n g t h e edge o f t h e l o w e r e s c a r p m e n t and 

i s r e s p o n s i b l e f o r t h e C r e t a c e o u s o u t c r o p s o f ¥. B a c u r , 

T o c r a and T u l m e i t h a . The E o c e n e beds b e n e a t h t h e p l a i n o f 

E l - M a r j d i p g e n t l y to t h e s o u t h e a s t u n t i l a f f e c t e d by t h e 

f a u l t b e h i n d E l - M a r j , w h i c h h a s dragged.them upwards so a s 
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to form a b a s i n b e n e a t h E l - M a r j P l a i n b e t w e e n E l - M a r j and 
t h e f a u l t t h a t l i m i t s t h e C r e t a c e o u s o f J a r d a s E l - A b i d on 
t h e n o r t h w e s t . The E o c e n e b e d s , d i p g e n t l y t o w a r d s t h e 
n o r t h w e s t , b u t a s t h e f a u l t i s a p p r o a c h e d t h e a n g l e o f 
d i p r a p i d l y i n c r e a s e s . To t h e s o u t h - e a s t o f t h e a x i s , t h e 
beds d i p g e n t l y away from i t . The r e l a t i o n b e t w e e n t h e 
un d e r g r o u n d h y d r o l o g y and t h e t e c t o n i c s i s i m p o r t a n t . We w i l l 
d e a l w i t h t h i s r e l a t i o n i n t h e c h a p t e r on t h e w a t e r 
r e s o u r c e s ( S e e a l s o " E a r t h q u a k e s i n E l - M a r j " - C h a p t e r X l ) . 

E conomic G e o l o g y 

Known v a l u a b l e r e s o u r c e s a r e few i n L i b y a b u t 

o i l h a s so f a r b e e n d i s c o v e r e d i n many p l a c e s , and i t s 

f t t t u r e a p p e a r s h i g h l y p r o m i s i n g . E x p o r t o f o i l s t a r t e d i n 

196l. As f a r a s t h e a r e a u n d e r s t u d y i s c o n c e r n e d no s t r i k e s , 

h a v e y e t b e e n made b u t two d r y w e l l s have been d r i l l e d i n 

F a r z u g h a and J a r d a s E l - A b i d . I n any c a s e we w i l l d e a l w i t h 

o i l a s a whole i n L i b y a b e c a u s e o f i t s s i g n i f i c a n c e and 

i m p a c t on t h e economic and s o c i a l l i f e . The i m p a c t o f o i l 

w i l l be d e a l t w i t h i n a n o t h e r c h a p t e r . 

O i l : - The f i r s t methane o u t p o u r i n g i n L i b y a t ook p l a c e i n 

191*+ i n S i d i E l - M e s r i n e a r T r i p o l i . The I t a l i a n s d r i l l e d 

o t h e r b o r i n g s i n T r i p o l i t a n i a w i t h o u t s u c c e s s . However, 

t h e s e a r c h f o r o i l i n L i b y a had h a r d l y begun upon t h e 

d e c l a r a t i o n o f war. At t h e end o f 1951 L i b y a achieved 

i n d e p e n d e n c e and w i t h s t a b i l i t y t h e economic a s p e c t s o f 
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p e t r o l e u m e x p l o r a t i o n were s t a r t e d . Under t h e M i n e r a l 

Law o f 1953 n i n e i n t e r n a t i o n a l p e t r o l e u m c ompanies 

commenced p r i m a r y g e o l o g i c a l r e c o n n a i s s a n c e i n L i b y a . As 

t h i s r e c o n n a i s s a n c e work p r o g r e s s e d o v e r a p e r i o d o f two 

y e a r s , p e t r o l e u m l e g i s l a t i o n was e n a c t e d i n 1955- The 

L i b y a n p e t r o l e u m law e s t a b l i s h e d t h e framework f o r 

i n t e n s i v e e x p l o r a t i o n . The t e r m s o f t h e Law a p p e a l e d to 

o i l c o m p a n i e s , who were a t t h a t t i m e a t t r a c t e d by t h e 

r e l a t i v e p o l i t i c a l s t a b i l i t y o f t h e c o u n t r y . The 

Government was to r e c e i v e a 12^ p e r c e n t r o y a l t y on t h e 

v a l u e o f o i l p r o d u c e d and s a v e d . P r o f i t s were t o be 

d i v i d e d on a 50-50 b a s i s , o f p r i c e s r e a l i s e d and n o t p r i c e s 

p o s t e d . Amendments to t h e 1955 l a w i n I 9 6 I r e - i n t r o d u c e d 

t h e c o n v e r s i o n o f t h e 5O-5O agreement on t o a p o s t e d 

p r i c e s b a s i s , b r o u g h t i n t h e p o s s i b i l i t y o f p a r t i c i p a t i o n 

by t h e L i b y a n Government i n e x p l o i t a t i o n , and i n t r o d u c e d 

r a t h e r more s t r i n g e n t c o n d i t i o n s . 

The g r e a t c o m p e t i t i o n among t h e o i l c ompanies f o r 

new c o n c e s s i o n s u n d o u b t e d l y i n s p i r e d t h e I 9 6 I amendments 

to t h e 1955 P e t r o l e u m Law. I n d e e d , c o n c e s s i o n s w i t h o u t l e t 

i n E u r o p e have been e n c o u r a g e d by t h e P e t r o l e u m C o u n c i l , 

s i n c e E u r o p e i s t h e most e x p a n d i n g o i l m a r k e t i n t h e w o r l d , 

and o f c o u r s e , t r a n s p o r t a t i o n c o s t s from L i b y a a r e much l e s 

t h a n from t h e P e r s i a n G u l f o r V e n e z u e l a ; E u r o p e a n companies 

a r e i n c r e a s i n g i n number. The A m e r i c a n O i l Company d r i l l e d 



-71-

two w e l l s a t t h e J e b e l Akhdar i n 1956 i n F a r z u g h a and 

J a r d a s E l - A b i d , b u t b o t h w e l l s were found t o be d r y . The 

f i r s t s t r i k e o f o i l was a t A t s h a n i n F e z z a n , ( V i d e F i g . l 4 ) 

w i t h a p o t e n t i a l o f 500 b a r r e l s / d a y . O t h e r s u c c e s s f u l 

s t r i k e s were made by mid 1959 i n Z e l t e n i n t h e S i r t e b a s i n ; 

by J u l y 196k p r o d u c i n g w e l l s t o t a l l e d 511 and t h e t o t a l 

e x p o r t e d s i n c e September 1961 was 298, 268, 988 b a r r e l s . 

The m a j o r f i e l d s a r e c o n c e n t r a t e d i n t h e S i r t e 

b a s i n . T h i s p a r t o f t h e d e s e r t i s f r e e o f s a n d dunes and 

t h e t o p o g r a p h i c a l f e a t u r e s a r e l a r g e e x p a n s e s o f r o u g h s a n d 

and g r a v e l pavement. T r a n s p o r t a t i o n h e r e h a s f e w e r 

d i f f i c u l t i e s t h a n i n most o f t h e A l g e r i a n d e s e r t . 

The f o r m a t i o n s w h i c h c o n t a i n o i l i n L i b y a a r e 

t h e l a t e S e c o n d a r y and e a r l y T e r t i a r y . The o i l i s found i n 

t h e f o r m a t i o n s o f P a l e o c e n e and E o c e n e i n t h e f i e l d s o f 

Beda, Mabruk, D a h r a , H o f r a and Z e l t e n . I n Z e l t e n t h e 

f o r m a t i o n s c o n t a i n i n g o i l a r e beds o f m a r l y l i m e s t o n e o f 

t h e e a r l y E o c e n e c a l l e d Ruaga F o r m a t i o n s . T h e s e a r e f o und a t 

a d e p t h o f 6000 f t . b e l o w s e a l e v e l and t h e i r t h i c k n e s s 

i s 1087. f t . 

The f i r s t s h i p m e n t o f L i b y a n c r u d e o i l was made i n 

September 1961 from E s s o S t a n d a r d * s new t e r m i n a l a t P o r t 

M a r s a A l - B u r a y g a . I n 1962 O a s i s O i l Company opened t h e i r 

t e r m i n a l a t R a s S i d e r w h i c h r e c e i v e s o i l from t h e i r f i e l d s 

a t Mabruk 
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B o t h p r o d u c t i v e a r e a s a r e s i t u a t e d n o t more t h a n 200 kms. 

from t h e M e d i t e r r a n e a n s h o r e . M o b i l O i l have c o n n e c t e d 

t h e i r f i e l d s w i t h a new t e r m i n a l a t R a s L a n u f . I t i s 

p l a n n e d a l s o t h a t B r i t i s h P e t r o l e u m w i l l j o i n . ; t h e i r 

f i e l d o f S a r i r n e a r J a l u w i t h a new t e r m i n a l a t t h e P o r t 

o f T u b r uq. E s s o h a s b u i l t a r e f i n e r y a t M a r s a A l - B u r a y g a 

w i t h a c a p a c i t y o f 8000 b a r r e l s / d a y w h i c h came i n t o 

o p e r a t i o n i n May 1965. The r e f i n e r y p r o d u c e s b e n z e n e , 

k e r o s e n e and i n d u i r i a l f u e l f o r L i b y a n c o n s u m p t i o n . 

I n c o n c l u s i o n , t h e n a t u r a l r e s o u r c e s i n L i b y a 

a r e few. They d i d n o t p r o v i d e raw m a t e r i a l f o r 

i n d u s t r i a l i s a t i o n , b u t w i t h t h e d i s c o v e r y o f o i l t h e 

p i c t u r e h a s become much more f a v o u r a b l e . O i l seems t o be 

t h e o n l y s a l v a t i o n from t h e p o v e r t y t h e c o u n t r y h a s b e e n 

s u f f e r i n g . I t w i l l p r o v i d e c a p i t a l f o r t h e u t i l i s a t i o n 

o f F e z z a n i r o n o r e and f o r e x p a n s i o n i n i n d u s t r i a l and 

a g r i c u l t u r a l s p h e r e s . The i m p a c t o f o i l on t h e economic, 

s o c i a l l i f e i n L i b y a a s a whole and on t h e E l - M a r j r e g i o n 

i n p a r t i c u l a r i s t r e m e n d o u s l y g r e a t , and i t s e f f e c t s w i l l 

be d e a l t w i t h i n C h a p t e r X I . 
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CHAPTER I I I 

C l i m a t e 

I n t r o d u c t i o n 

The e l e m e n t s o f r e l i e f o f n o r t h e r n C y r e n a i c a a r e 

r e s p o n s i b l e f o r l o c a l v a r i a t i o n s i n c l i m a t e b o t h i n r e s p e c t 

t o t h e r m a l and p r e c i p i t a t i o n c o n d i t i o n s . 

N o r t h e r n C y r e n a i c a i s c l i m a t i c a l l y d i v i d e d by t h e 

i n f l u e n c e o f t h e M e d i t e r r a n e a n S e a on t h e c o a s t and a l t i t u d e 

o f t h e J e b e l i n t h e i n t e r i o r ; t h e s e d i f f e r e n t i a t e t h e two zones 

o f c o n t i n u o u s h a b i t a t i o n from t h e d e s e r t . I t i s o n l y a l o n g 

t h e M e d i t e r r a n e a n c o a s t l i n e o f n o r t h e r n L i b y a t h a t t h e 

i n f l u e n c e s o f t h e s e a b r i n g some r a i n and c o o l n e s s and make 

p o s s i b l e a zone o f a g r i c u l t u r a l s e t t l e m e n t and s u s t a i n e d 

a g r i c u l t u r a l p r o d u c t i o n . T h e s e M e d i t e r r a n e a n s e a i n f l u e n c e s , 

however, do n o t e x t e n d t o any a p p r e c i a b l e d e g r e e beyond t h e 

c o a s t a l p l a i n i n t o t h e h i n t e r l a n d o f t h e c o u n t r y . 

N o r t h e r n C y r e n a i c a e n j o y s more t e m p e r a t e c l i m a t e 

t h a n any o t h e r p a r t o f L i b y a , f o r r a i n f a l l i s h e a v i e r and 

summer t e m p e r a t u r e s a r e l o w e r , f a c t s w h i c h a r e a t t r i b u t a b l e 

t o two f a c t o r s ; namely, i t s e l e v a t i o n and n e a r n e s s to t h e 

s e a . E x p o s e d a s i t i s to t h e humid s e a w i n d s , t h i s m o u n t a i n 

b a r r i e r g i v e s r i s e t o o r o g r a p h i c p r e c i p i t a t i o n w h i c h i s 

r e l a t i v e l y abundant and f r e q u e n t . 

I t i s p r o p o s e d t h e n t o m e n t i o n b r i e f l y t h e 

m e t e o r o l o g i c a l e l e m e n t s a f f e c t i n g t h e c l i m a t e o f the a r e a o f 
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s t u d y , f o l l o w e d by a d i s c u s s i o n i n d e t a i l o f t h e t h e r m a l 
c o n d i t i o n s , and p r e c i p i t a t i o n w h i c h a r e t h e f u n d a m e n t a l f a c t o r s 
i n a g r i c u l t u r a l p r o d u c t i o n and f i n a l l y t h e r e s t o f t h e 
c l i m a t i c e l e m e n t s and z o n e s . 

M e t e o r o l o g i c a l e l e m e n t s i n f l u e n c i n g c l i m a t e i n E l - M a r j P l a i n : -

One o f t h e m a j o r m e t e o r o l o g i c a l e l e m e n t s a f f e c t i n g 

t h e s t r u c t u r e o f c l i m a t e i n E l - M a r j P l a i n i s t h e f a c t t h a t 

m a r i t i m e i n f l u e n c e from t h e w e s t i s c o n f i n e d m a i n l y to t h e 

w i n t e r months when t h e m i g r a t i o n s o u t h o f t h e m a j o r w o r l d 

a t m o s p h e r i c c o n d i t i o n s t a k e p l a c e . 

The M e d i t e r r a n e a n S e a , c o n s i s t i n g o f a l a r g e a r e a 

o f w a t e r e x t e n d i n g i n t o one o f t h e main c o n t i n e n t a l m a s s e s , 

h a s a m a j o r i n f l u e n c e on t h e c l i m a t e o f t h e a d j a c e n t l a n d 

a r e a s . I n w i n t e r t h e s e a i s warmer t h a n t h e s u r r o u n d i n g l a n d , 

e s p e c i a l l y i n t h e n o r t h , and t h e M e d i t e r r a n e a n i s an a r e a o f 

r e l a t i v e l y low mean p r e s s u r e between t h e s u b - t r o p i c a l h i g h 

p r e s s u r e s y s t e m o f t h e A t l a n t i c and t h e w i n t e r h i g h p r e s s u r e 

s y s t e m o f c o l d d e s c e n d i n g a i r w h i c h d o m i n a t e s C e n t r a l A s i a . 

I n summer, on t h e o t h e r hand, t h e s e a i s c o l d e r t h a n t h e l a n d 

m a s s e s and a wide r i d g e o f h i g h mean p r e s s u r e e x t e n d s 

e a s t w a r d s o v e r t h e M e d i t e r r a n e a n from t h e A z o r e s h i g h . 

W i n t e r 

I n w i n t e r a i r i s drawn i n t o t h e e a s t e r n M e d i t e r r a n e a n 

from w i d e l y d i f f e r e n t s o u r c e s ; p o l a r and a r c t i c a i r from 

E u r o p e , R u s s i a and t h e N o r t h A t l a n t i c , and T r o p i c a l a i r from 
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t h e S a h a r a . As t h e c o l d e r a i r m a s s e s move s o u t h o v e r t h e 
warm M e d i t e r r a n e a n t h e y a r e , however, r a p i d l y warmed and 
m o i s t e n e d and t h e y c a u s e s h o w e r s o v e r C y r e n a i c a . 

Most o f t h e d e p r e s s i o n s o f t h e M e d i t e r r a n e a n a r e a 

d e v e l o p i n t h e w e s t e r n p a r t o f the. M e d i t e r r a n e a n b a s i n and 

s u b s e q u e n t l y move e a s t w a r d s . Some e n t e r t h e e a s t e r n 

M e d i t e r r a n e a n , b u t o t h e r s p a s s t o t h e n o r t h e i t h e r o v e r 

e a s t e r n E u r o p e o r t h e B l a c k S e a . 

The d i s t r i b u t i o n o f t h e w i n d s o v e r t h e e a s t e r n 

M e d i t e r r a n e a n i s n o t u s u a l l y s u c h a s t o b r i n g t h e s t r o n g l y 

c o n t r a s t i n g a i r m a s s e s i n t o i m mediate j u x t a p o s i t i o n , and 

t h e o n l y common t y p e o f f r o n t a l d e p r e s s i o n w h i c h d e v e l o p s 

o v e r t h e a r e a i s t h e G h i b l i d e p r e s s i o n w h i c h forms n e a r t h e 

n o r t h A f r i c a n c o a s t and t h i s w i l l be d i s c u s s e d more f u l l y 

l a t e r i n t h i s c h a p t e r . 

The p a t h s by w h i c h t h e c o l d a i r m a s s e s e n t e r t h e 

a r e a a r e g r e a t l y i n f l u e n c e d by t h e p o s i t i o n o f t h e gaps i n 

t h e m o u n t a i n b a r r i e r w h i c h bound t h e M e d i t e r r a n e a n to t h e 

n o r t h . The p r e f e r r e d t r a c k s o f c o l d a i r e n t e r i n g t h e 

e a s t e r n M e d i t e r r a n e a n a r e e a s t w a r d s from t h e w e s t e r n 

M e d i t e r r a n e a n , and s o u t h w a r d s o v e r t h e Aegean S e a and t h e 

l o w e r ground a r o u n d I s t a n b u l ( v i d e F i g . 1 5 ) . The d e f l e c t i o n 

o f a i r a l o n g t h i s 3 s t t e r t r a c k by t h e h i g h ground o f A n a t o l i a 

o f t e n r e s u l t s i n t h e d e e p e n i n g o f d e p r e s s i o n s i n t h e r e g i o n 

o f C y p r u s . A l o n g t h e c o a s t o f e a s t e r n C y r e n a i c a and E g y p t 

g a l e s from b e t w e e n S.W. and N'.W. a r e o c c a s i o n a l l y a s s o c i a t e d 
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w i t h a d e p r e s s i o n n e a r C y p r u s . Over C y r e n a i c a , showers i n t h e 
p o l a r a i r b e h i n d a d e p r e s s i o n may be so f r e q u e n t a s t o h a v e 
t h e a p p e a r a n c e o f c o n t i n u o u s r a i n , and c l o u d may c o v e r much o f 
th e h i g h ground. 

Summer 

I n summer t h e e a s t e r n M e d i t e r r a n e a n l i e s b e tween t h e 

semi-permanent h i g h p r e s s u r e o f t h e sub t r o p i c a l A t l a n t i c and 

t h e s e a s o n a l low p r e s s u r e o v e r n o r t h - w e s t I n d i a and P e r s i a . 

The a r e a i s n o t c r o s s e d by moving d e p r e s s i o n s a s i n w i n t e r 

and w i n d s a r e p e r s i s t e n t l y n o r t h e r l y b r i n g i n g warm c o n t i n e n t a l 

a i r from e a s t e r n E u r o p e and s o u t h e r n R u s s i a a c r o s s t h e c o o l e r 

s e a . The p e r i o d i s one o f s e t t l e d f i n e w e a t h e r . 

T e m p e r a t u r e 

L i b y a e x p e r i e n c e s e x t r e m e l y h o t summers e v e r y w h e r e , 

on t h e c o a s t w i n t e r s a r e m i l d , and i n some p a r t s f r o s t h a s n e v e r 

b e e n known. However, i n n o r t h e r n C y r e n a i c a , t h e c o a s t a l p l a i n 

i s b a c k e d by t h e J e b e l . T h e r e a r e two f a c t o r s w h i c h c a u s e 

t h e c l i m a t e o f t h e J e b e l r a n g e s to d i f f e r from t h a t o f t h e 

c o a s t a l p l a i n : d i s t a n c e from t h e s e a and a l t i t u d e . 

The s e a ' s m o d e r a t i n g i n f l u e n c e d e c r e a s e s s o u t h w a r d s and 

t e m p e r a t u r e r a n g e s i n c r e a s e . The e f f e c t o f a l t i t u d e i s to 

r e d u c e t e m p e r a t u r e s , and i n w i n t e r b o t h f a c t o r s combine t o 

make t h e mean, "temperature about 2°C c o l d e r t h a n t h e c o a s t . * 

* R e c o r d s o f t h e p e r i o d 1932-3^- h a v e been u s e d where 
c o n s i d e r a t i o n s o f d a i l y r e a d i n g s have b e e n n e c e s s a r y . 
A l t h o u g h t h i s i s a n u n f o r t u n a t e l i m i t a t i o n t h e f i g u r e s 
c o v e r i n g t h i s p e r i o d a r e more r e l i a b l e t h a n l a t e r d a t a 
s i n c e f u l l - t i m e s t a f f was employed a t t h a t t i m e . 
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V a r i a t i o n s i n t e m p e r a t u r e s from p l a c e t o p l a c e 
r e s u l t i n g from p r o x i m i t y to t h e s e a and a l t i t u d e c a n be 
i l l u s t r a t e d by a c o m p a r i s o n b e t w e e n T u l m e i t h a , T o c r a and 
B e n g h a z i on t h e l i t t o r a l and E l - M a r j some 18 kras. i n l a n d 
and about 285 m. above s e a - l e v e l . T a b l e 1 shows t h a t on 
t h e c o a s t a l p l a i n t h e a n n u a l mean t e m p e r a t u r e i s 19.9°C 
a t T u l m e i t h a , 20.1°C. a t T o c r a , and 19.8°C. a t B e n g h a z i , 
w h i l e on t h e upp e r t e r r a c e t h e mean i s 17.7°C. a t E l -
M a r j and 18.k°C. a t E l - A b i a r (290 m. above s e a - l e v e l ) . On 
t h e h i g h J e b e l i t i s 17.7°C. a t T a c n i s (k2k m. above s e a - l e v e l ) , 
16.9°C. a t J a r d a s E l - A b i d (653 m.) and 15.8°C. a t C y r e n e 
(621 m.). . 

The o r t h o r d o x r e l a t i o n s h i p b e t w e e n r e l i e f and mean 

a v e r a g e t e m p e r a t u r e between E l - M a r j and T u l m e i t h a h o l d s t r u e 

f o r s e v e n months o f t h e y e a r from J a n u a r y to A p r i l and from 

November t o December. The d i f f e r e n c e s b e t w e e n t h e two p o i n t s 

are a t a maximum i n w i n t e r . I t i s p r o b a b l y t h e s h o r t distance 

from t h e s e a and low a l t i t u d e w h i c h makes t h e d i f f e r e n c e s o f 

th e two s t a t i o n s r a t h e r l o w e r t h a n t h o s e f i g u r e s o f J a r d a s 

E l - A b i d ("Vide F i g . l 6 ) . T a b l e 1 shows t h a t t h e main d i f f e r e n c e s 

b e t w e e n t h e mean t e m p e r a t u r e s o f T u l m e i t h a on t h e c o a s t and 

J a r d a s E l - A b i d on t h e J e b e l a r e d u r i n g t h e months between 

November and March. However, t h e s e d i f f e r e n c e s a r e n o t so g r e a t 

b etween E l — M a r j on t h e t e r r a c e and J a r d a s E l - A b i d w i t h t h e 

e x c e p t i o n o f J a n u a r y f i g u r e s , where E l - M a r j h a s a mean o f 

10.5°C and J a r d a s E l - A b i d 8.5°C f o r t h a t month. T a b l e 2 g i v e s 
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t h e mean maximum o f t e m p e r a t u r e and minimum f o r s e l e c t e d 

s t a t i o n s . T a b l e 1 i n A p p e n d i x I g i v e s d e t a i l e d d a t a f o r t h e 

mean maximum and minimum o f t e m p e r a t u r e i n E l — M a r j f o r t h e 

p e r i o d o f 1921 - hO. 

An e x a m i n a t i o n o f the* t a b l e i n d i c a t e s t h a t t h e 

mean m o n t h l y t e m p e r a t u r e o f E l — M a r j i s 2.0°C. l o w e r t h a n 

f i g u r e s o f T u l m e i t h a d u r i n g A u g u s t . The f i g u r e s i n d i c a t e 

•that E l — M a r j i s h o t t e r i n t h e summer and c o l d e r i n t h e w i n t e r 

and i n d e e d t h i s f a c t a p p l i e s t o t h e whole o f L i b y a where t h e 

a n n u a l mean o f t e m p e r a t u r e v a r i e s b e t w e e n 17°C. and 2 3 ° C 

S u p e r f i c i a l l y t h e s e mean f i g u r e s i n d i c a t e t h a t t h e whole 

o f L i b y a h a s a t e m p e r a t e t y p e o f c l i m a t e s i n c e t h e a n n u a l 

mean maximum o f t e m p e r a t u r e v a r i e s b e t w e e n 23°C. and 25°C. 

on t h e l i t t o r a l , and 25°C. and 28°C. i n t h e s e m i - d e s e r t 

r e g i o n s w h i l s t i t i s sometimes a s h i g h a s 30°C. i n t h e 

d e s e r t . However, a s p o i n t e d o u t e a r l i e r , t h e s e means have 

o n l y l i m i t e d s i g n i f i c a n c e and v a r i a t i o n s a r e v e r y i m p o r t a n t . 

V a r i a t i o n 

P e r h a p s t h e most marked f e a t u r e o f t h e r m a l 

c o n d i t i o n s i n t h e L i b y a n r e g i m e i s t h e l a r g e d a i l y r a n g e o f 

t e m p e r a t u r e a t any g i v e n s t a t i o n . 

A l o n g t h e c o a s t a l p l a i n , t h e d a i l y r a n g e o f 

t e m p e r a t u r e i s m o d erated by t h e c o o l i n g i n f l u e n c e o f t h e 

M e d i t e r r a n e a n d u r i n g t h e day and t h e r e l a t i v e warmth o f t h e 

s e a d u r i n g t h e n i g h t , though a s m i g h t be e x p e c t e d t h e d a i l y 
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r a n g e i s h i g h e r on t h e J e b e l and f u r t h e r i n l a n d . 

Mean d a i l y r a n g e s o f t e m p e r a t u r e a t t h e c o a s t a l p l a i n 
Q to 9.1'C. 

a v e r a g e d b e t w e e n 7-0 C . ^ a t T u l m e i t h a f o r a p e r i o d o f t e n 

y e a r s , 7-0°C. to 10.4°C. a t T o c r a f o r e l e v e n y e a r p e r i o d , 

and 8.5 to 10.4°C. a t B e n g h a z i f o r a p e r i o d o f t h i r t y one 

y e a r s . 

T a b l e 3 shows t h a t t h e h i g h e s t mean d a i l y r a n g e 

on t h e J e b e l a t E l - M a r j a v e r a g e d b e t w e e n 10.7°C. and 17.5°C., 

i . e . t w i c e t h a t o f t h e c o a s t a l s t a t i o n s . The mean d a i l y 

r a n g e o f t e m p e r a t u r e v a r i e s b etween 9*8 to l6.5°C. a t T a c n i s , 

t o 7.0°C. to 15.0°C. a t J a r d a s E l - A b i d (50 km. from t h e s e a ) , 

and 8.0 t o 13.3°C. a t C y r e n e . An example o f tremendous 

d i u r n a l r a n g e o f t e m p e r a t u r e c a n be s e e n i n t h e f i g u r e s o f 

E l - M a r j f o r 193^-• A r a n g e o f 25.9°C. was r e c o r d e d on A p r i l 

22nd, 26.8°C. on J u l y l 6 t h , and 26.7°C. on A u g u s t 10th... 

F i g u r e No.17 shows t h e mean d a i l y r a n g e o f t e m p e r a t u r e a t 

E l - M a r j f o r 193^ T a b l e 2 i n A p p e n d i x No.1 g i v e s d e t a i l e d 

d a t a f o r t h e extreme maximum and minimum o f t e m p e r a t u r e i n 

E l - M a r j f o r t h e p e r i o d o f 1921-19^0. The mean m o n t h l y r a n g e 

i s l o w e r d u r i n g t h e w i n t e r when t h e d i f f e r e n c e s b e t w e e n t h e 

mean a n n u a l r a n g e and t h e mean m o n t h l y r a n g e n e v e r e x c e e d 

f o u r d e g r e e s . 

The r a n g e o f t e m p e r a t u r e i n L i b y a i s a p r o d u c t o f 

t h e h i g h t e m p e r a t u r e d u r i n g t h e day r a t h e r t h a n t h e low n i g h t 

t e m p e r a t u r e s . A f u r t h e r i n f l u e n c e i n t h i s r e s p e c t i s t h e 

c l o u d c o v e r i n t h e w i n t e r months w h i c h tends to m o d i f y b o t h 

t h e day and n i g h t t e m p e r a t u r e s by l i m i t i n g i n s o l a t i o n d u r i n g 
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t h e day and a c t i n g as i n s u l a t o r d u r i n g the n i g h t . 

January i s the c o l d e s t month i n C y r e n a i c a as can 

be seen a t E l - M a r j which has a mean of 10.5°C., Tocra 13.9°C., 

lk.O°C. at Tulmeitha, 9.5°C. a t T a c n i s and 8.5°C. a t 
Jardas E l - A b i d . 

The warmest month i s August and not J u l y as occurs 

i n T r i p o l i t a n i a . During t h i s month E l - M a r j has a mean of 

23.8 ° C , w h i l e on the c o a s t a l p l a i n the f i g u r e s are 25.7°C. 

at Tulmeitha and 25.8°C. a t Tocra. F u r t h e r i n l a n d i t i s 

2k.5°C. a t T a c n i s and 23.9°C. a t Ja r d a s E l - A b i d . 

Summer temperature i n E l - M a r j never r e a c h e s the 

extremes of T r i p o l i t a n i a . F i g u r e No.16 i n d i c a t e s t h a t the 

r e c o r d peak of 48°C. a t El- M a r j i s s t i l l 10 degrees below the 

second e s t a b l i s h e d a t E l - A z i z i a i n T r i p o l i t a n i a ( V i d e . t a b l e 4). 

El - M a r j has a c o l d w i n t e r , the mean monthly minimum 

temperature being ^.1°C. The lowest recorded temperature 

a t E l - M a r j i s -3-9°C. w h i l e the lowest f i g u r e i n the whole of 

C y r e n a i c a i s -5.6°C. recorded a t Cyrene. 

However, on the c o a s t a l p l a i n i t never f r e e z e s . The 

mean monthly minimum of temperature d u r i n g the c o l d e s t month 

i s 10.2°C. a t Tulmeitha, 10.1°C. a t Tocra and . 8.8°C at 

Benghazi. 

The c o n d i t i o n s are modified by the G h i b l i which i s 

an exceedingly.hot dry wind coming from the d e s e r t south 

b r i n g i n g h i g h temperature and c o n s i d e r a b l e d i u r n a l ranges to 
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both the J e b e l and the c o a s t a l p l a i n . A p p r e c i a b l e damage to 
crops may be caused by the high temperature and low r e l a t i v e 
humidity a s s o c i a t e d w i t h the onset of a G h i b l i , e s p e c i a l l y 
i f i t occurs a t a c r i t i c a l stage i n the growing season and i s 
of prolonged d u r a t i o n . 

W h i l s t these extremes i n temperature are almost of 

n e g l i g i b l e importance among people w i t h a p a s t o r a l economy, 

they have an immediate impact upon the sedentary c u l t i v a t i o n 

e s p e c i a l l y i n E l - M a r j P l a i n . The h i g h day temperature and low 

n i g h t temperature cause i n t e n s e damage to the maturing wheat 

and b a r l e y e s p e c i a l l y a t the "milk" phase .of t h e i r growth. 

L i k e w i s e extreme v a r i a t i o n s i n temperature d u r i n g the flowering-

phase of the orchards can cause s e r i o u s l o s s e s i n q u a l i t y of 

f r u i t s and o l i v e s , e s p e c i a l l y when the n i g h t temperature 

ne a r s f r e e z i n g p o i n t . N e v e r t h e l e s s most f r u i t t r e e s do b e t t e r 

on the Ente farms of E l - M a r j P l a i n than on the c o a s t a l p l a i n s 

where temperatures are h i g h e r . 

The d i f f e r e n c e s i n temperature between E l - M a r j and 

the c o a s t a l p l a i n b r i n g about d i f f e r e n c e s i n the date of 

r i p e n i n g i n each p a r t i c u l a r zone of a g r i c u l t u r e . The c e r e a l s 

and the leguminous p l a n t s r i p e n i n E l - M a r j about twenty days 

l a t e r than the same p l a n t i n the c o a s t a l p l a i n . As f a r as 

the r i p e n i n g of f r u i t s i s concerned such as a p r i c o t s , peaches, 

plums, p e a r s , a p p l e s , f i g s and a l s o the grapes, almonds and 

o l i v e s , t h ere are d i f f e r e n c e s which are s t i l l more conspicuous. 
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P r e c i p i t a t i o n 

R a i n f a l l i s the most l i m i t i n g f a c t o r of e l i m a t e 

s i n c e dry-farming i s practised i n E l - M a r j P l a i n , and no 

permanent streams e x i s t f o r i r r i g a t i o n . 

The r a i n b e a r i n g p r e s s u r e systems a f f e c t i n g the 

Cyrenaican p l a t e a u are g e n e r a l l y those which o r i g i n a t e i n the 

Aegean and e a s t e r n Mediterranean. W e s t e r l y and n o r t h 

w e s t e r l y winds b r i n g an average annual r a i n f a l l of over 

300 mm. f o r the whole p l a t e a u , hOO mm. over the c e n t r a l 

p o r t i o n and from 500-600 mm. i n the extreme n o r t h (Vide 

F i g . 1 8 ) . On the other hand, the c o a s t a l b e l t i s l e s s 

f o r t u n a t e , only a s m a l l p o r t i o n having 200 mm. or more. The 

r a i n f a l l drops o f f a b r u p t l y on a l l s i d e s of the J e b e l . 

I t i s worth n o t i n g the main c h a r a c t e r s of the L i b y a n 

r a i n f a l l to i l l u s t r a t e the g e n e r a l system of r a i n f a l l i n the 

r e g i o n concerned. The r a i n f a l l regimes are c l e a r l y r e l a t e d 

to the r e l i e f of the country and to p r o x i m i t y to the sea. 

The r a i n f a l l s t a r t s i n autumn w i t h a r a p i d i n c r e a s e 

i n December and January, and then d e c r e a s e s q u i c k l y i n the 

s u c c e s s i v e months. The peak of r a i n f a l l i s i n December and 

January. The dry h a l f of the y e a r extends from May to 

September, but the r a i n f a l l may s t a r t e a r l i e r i n September 

and be prolonged u n t i l A p r i l , and sometimes even May, 

e s p e c i a l l y on the J e b e l Akhdar. The r a i n y h a l f of the y e a r 

(October-March) r e c e i v e s between 90 to 95$ of the t o t a l annual 
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r a i n f a l l . The a i r masses vary i n the quantit}-- they c o n t a i n 
from one y e a r to another or every two or three s u c c e s s i v e 
y e a r s . L i b y a n r a i n f a l l tends to v a r y more i n i n t e n s i t y than 
i n frequency, r e v e a l i n g the f a c t t h a t means have l i t t l e 
s i g n i f i c a n c e , as shown e a r l i e r . 

L i b y a n r a i n f a l l i s a l s o c h a r a c t e r i s e d by the 

r a r e n e s s of storms, f o r a c c o i t i i n g to F a n t o l i , ̂  ^ w i t h i n 60 

y e a r s of o b s e r v a t i o n i n T r i p o l i and Benghazi an average of 

only 5 cases a n n u a l l y were recorded.* 

D i s t r i b u t i o n ; - On the c o a s t a l p l a i n r a i n f a l l ranges from only 

200 to 250 mm., and i n c r e a s e s from south to n o r t h . At 

Benghazi, r a i n f a l l amounts to 265.8 mm., and the g e n e r a l 

a r i d i t y of t h i s r e g i o n i s due mainly to the absence of any 

c o n s i d e r a b l e orographic element. R a i n f a l l i n c r e a s e s i n the 

extreme n o r t h of the c o a s t a l p l a i n where i t i s 311.0 mm. at 

Tocra, and 350«0 mm. at Tulmeitha, w h i l s t r a i n f a l l exceeding 

300 mm. i s found beyond the f i r s t escarpment from which point 

on, i t i n c r e a s e s to 307 mm. at E l - A b i a r and to 484.7 mm. at 

E l - M a r j (Vide F i g . 1 8 ) . The h i g h e s t r a i n f a l l i s found on the 

* M e t e o r o l o g i c a l o b s e r v a t i o n i n E l - M a r j s t a r t e d i n 1919> but 
there are no a v a i l a b l e r e c o r d s f o r the f i r s t e i g h t months 
of 1920, and the f i r s t seven months, and the l a s t two months 
of 1 9 4 l , nor f o r the period 1942 - November 19^3 s i n c e the 
country was a b a t t l e f i e l d d u r i n g the l a s t World War. 
Observations taken l a t e r than t h a t date are not r e l i a b l e 
because of the shortage of q u a l i f i e d s t a f f , consequently 
the present study w i l l r e f e r only to the r e c o r d s of 
1919 " 1 9 4 l , and 1959 - 1960. 
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n o r t h e r n p a r t of the J e b e l Akhdar i n the v i c i n i t y of Messa 

and Cyrene. T h i s favoured s e c t o r , however, i s of l i m i t e d 

e x t e n t , and to the south, south west, and south e a s t , r a i n f a l l 

d e c l i n e s s h a r p l y . Table 5 shows the mean monthly r a i n f a l l 

a t s e l e c t e d s t a t i o n s . 

Of outstanding s i g n i f i c a n c e i s the e f f e c t of a l t i t u d e 

and p r o x i m i t y to the sea i n the comparison between Tulmeitha 

and El-Mar j . The l a t t e r has an annual average of 484.7 nun. 

w h i l e i t i s only 250 mm. a t Tulmeitha and 311 mm. a t Tocra. 

Bacur which i s at an a l t i t u d e of 285 ni. above s e a - l e v e l has an 

average of 340.2 mm. The t y p i c a l case of E l - M a r j P l a i n i s 

i l l u s t r a t e d by the p r o f i l e from Tulmeitha and El,-Marj to J a r d a s 

E l - A b i d (Vide F i g . 1 9 ) . The r a i n f a l l i n c r e a s e s as f a r as E l -

Mar j due to a l t i t u d e , and then d e c l i n e s d e s p i t e i n c r e a s e d 

h e i g h t i n consequence of the g r e a t d i s t a n c e from the sea, where 

i n J a r d a s E l - A b i d (;5;0 kms. from the s e a ) the average i s 

324.1 mm. 

The d i f f e r e n t i n f l u e n c e of the r e l i e f on the amount 

of r a i n f a l l appears more evident i n the two s e c t i o n s of the 

J e b e l : - Tocra-El-Marj-Cyrene-Derna (Vide F i g . 2 0 ) , and Benghazi-

J a r d a s E l - A b i d - T a c n i s - T i m i m i (Vide F i g . 2 l ) . I n f i g u r e 20 we 

n o t i c e the i n c r e a s e between Tocra and the f i r s t escarpment, 

and between the l a t t e r and E l - M a r j . T h i s i s followed by a 

decrease between E l - G h a r i b and Gasr L i b i a , which may be 

explained by the f a c t t h a t E l - G h a r i b i s s h e l t e r e d by the second 
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escarpment. Moving e a s t the g r e a t e r i n c r e a s e i s shown at 

Messa and then f o l l o w s a decrease caused by the g r e a t e r 

c o a s t a l prominance of Ras El-Hamman and Ras Aamer where the 

winds pass through to E l - B e i d a and Cyrene. The decrease i s 

more frequent a f t e r Labraq, because the r e g i o n e a s t of Ras 

Aamer i s under the i n f l u e n c e of the r a i n shadow—effect up to 

Derna and the G u l f of Bomba. 

A p r o f i l e running w e s t - e a s t , south of the a r e a 

r e p r e s e n t e d i n F i g u r e 20, a l s o i l l u s t r a t e s the s i g n i f i c a n c e 

of the r e l a t i o n between r a i n f a l l and r e l i e f (Vide F i g . 2 l ) . 

There i s a decrease of r a i n f a l l on the escarpment a t Benina 

(226.4 mm.) then an i n c r e a s e due to hi g h a l t i t u d e a t E l - A b i a r 

(307 mm.), and Jarda s E l - A b i d (324.1 mm) where the major 

d i s t a n c e from the sea i s compensated f o r by a l t i t u d e . The 

r a i n f a l l d e c r e a s e s e a s t of J a r d a s E l - A b i d because of the lower 

a l t i t u d e between T a c n i s (306 mm.) add Marawa (265.5 nun.) 

which are s h e l t e r e d by the marginal a l t i t u d e of the second 

escarpment. Then the q u a n t i t y i n c r e a s e s because of the h i g h e r 

a l t i t u d e ( r e a c h i n g 796 m. above s e a - l e v e l ) and exposure to 

the winds of the northwest, followed by s u c c e s s i v e d e c r e a s e s 

because of the lower a l t i t u d e , u n t i l the s e a - l e v e l a t 

Timimi (74.6 mm.). 

The h i g h e s t amount of r a i n f a l l i s concentrated, 

therefore., i n the c e n t r a l s e c t i o n of the J e b e l and then 

d e c r e a s e s g r a d u a l l y i n a l l d i r e c t i o n s except towards the west. 
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E l - M a r j P l a i n has the h i g h e s t q u a n t i t y of r a i n f a l l a f t e r the 
c e n t r a l s e c t i o n , which may be e x p l a i n e d by the f a c t t h a t 
E l - M a r j P l a i n and the n o r t h western f l a n k s of the J e b e l are 
exposed to r a i n b e a r i n g winds, while the e a s t e r n p a r t of the 
J e b e l i s i n the r a i n shadow. T h i s i s obvious i f we compare 
E l - M a r j (484.7 nun.) w i t h Martuba (139 mm.) i n the e a s t which 
although at the same d i s t a n c e from the c e n t r a l J e b e l , have 
much of d i f f e r e n t r a i n f a l l amounts. E l - M a r j P l a i n has a 
favoured p o s i t i o n f o r r e c e i v i n g a c o n s i d e r a b l e q u a n t i t y of 
r a i n f a l l . I t s o r i e n t a t i o n ENE-SWS i s an important f a c t o r f o r 
r e c e i v i n g abundant r a i n f a l l compared to other s e c t i o n s of 
n o r t h e r n C y r e n a i c a . S i d i Rahuma, and E l - M a r j i t s e l f , have 
from 450 - 480 mm. which q u i c k l y d i m i n i s h e s both northwards 
on the edge of the f i r s t escarpment and towards the b a s i n of 
E l - A b i a r . I n t h i s d i r e c t i o n there i s a s u c c e s s i v e d e c l i n e 
from 400 mm. at M l e t a n i a and Bu Mariam, and i n the i n n e r 
s t r i p e a s t of M l e t a n i a to between 300 - 320 mm. at S i d i 
Mahius, E l - A b i a r and El-Regima. 

The i s o h e y e t s f o r E l - M a r j are shown i n F i g u r e 22. 

The i s o h e y e t 400 mm. i n c l u d e s Farzugha, S i d i Bu Z e i d , S l e a i a , 

S i d i D a k h i l , E l - A w e l i y a , Dandakh, and B a t t a . W h i l s t h i g h e r 

p r e c i p i t a t i o n i n the p l a i n between 470 and 480 mm. i s 

concentrated i n the a r e a between E l - M a r j i t s e l f and E l - A w e l i y a . 

The g e o g r a p h i c a l p o s i t i o n of the p l a i n , . \" exposure to r a i n 

b e a r i n g winds, and the temporary l a k e of E l - G h a r i q seem to 

c o n t r i b u t e to the i n c r e a s e of the amount of l o c a l r a i n f a l l . 
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Examination of the monthly r a i n f a l l p a t t e r n shows t h a t 

p r e c i p i t a t i o n i s g r e a t e s t between October and March. There 

i s some r a i n o c c a s i o n a l l y i n the l a s t f i f t e e n days of 

September, and A p r i l and i n May. During the three months of 

June, J u l y and August there i s p r a c t i c a l l y t o t a l drought. 

The h e a v i e s t r a i n f a l l occurs i n w i n t e r w i t h a s i n g l e peak i n 

December and January. Table 6 g i v e s the frequency of r a i n y 

days at s e l e c t e d s t a t i o n s through time. 

The t a b l e i n d i c a t e s f o r E l - M a r j a t o t a l number 

of r a i n days of 74.'4 of which 65.% days are i n the wet 

season and 9.*?- days i n the dry season. As a percentage i t 

i s 87 .6$ f o r the period October to March, and 12.$$ f o r 

A p r i l to September. 

The t o t a l annual average of 484.7 mm. at E l - M a r j 
i s d i s t r i b u t e d through the r a i n y months as f o l l o w s : 20.3$ 

f o r October-November, 5l•5$ f o r December-January, and 28. 
f o r February-March. T h i s i n d i c a t e s t h a t 94.5$ of the t o t a l 

r a i n f a l l i s i n the wet h a l f of the y e a r (.October-March), 

and 5«5$ i n the dry h a l f ( A p r i l - S e p t e m b e r ) . The 

p r e c i p i t a t i o n occurs i n t o r r e n t i a l r a i n s washing away the 

s o i l s u r f a c e , and forming a s e r i o u s problem of s o i l e r o s i o n . 

The f l u v i o m e t r i c g r a d i e n t of r a i n f a l l between 

Tulmeitha and E l - M a r j f o r 19 y e a r s of o b s e r v a t i o n i s 48 mm. 
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f o r e v e r y 100 m. of a l t i t u d e a s shown i n the t a b l e below. 

TABLE % 

T a b l e 7 ? - P l u v i o m e t r i c g r a d i e n t a t s e l e c t e d s t a t i o n s . 

Zone S t a t i o n 
A l t i t u d e 
above? s e a -
l e v e l i n m. 

R a i n f a l l 
A n n u a l 
a v e r a g e * 

P l u v i o m e t r i c 
g r a d i e n t e a c h 
100 m . a l t i t u d e 
r a i n f a l l i n mm. 

W e s t e r n 
A l t i p i a n o E l - M a r j 285 492 ! k8 
M a r i t i m e T u l m e i t h a 5 351 ) 

W e s t e r n 
A l t i p i a n o B a c u r 285 3k7 \ » 
M a r i t i m e To e r a 13 312 ) 

S o u r c e : - " F a n t o l i , A. Le P i o g g i e d e l l a L i b i a " . 

* The a n n u a l a v e r a g e i n t h e t a b l e c o n c e r n s a s i n g l e 
s t a t i o n , and n o t t h e whole r e g i o n . 

The g r a d i e n t b etween T o c r a and B a c u r i s about 12 mm. 

f o r e v e r y 100 m. W h i l e b e t w e e n A p o l l o n i a and Gyrene i s 25 nun. 

e v e r y 100 m. The f i g u r e o f E l - M a r j seems too h i g h i n 

c o m p a r i s o n w i t h t h o s e s t a t i o n s . An e x p l a n a t i o n o f t h i s may be 

t h a t t h e d i s t a n c e between A p o l l a n i a and C y r e n e i s o n l y 10 kms. 

i n a s t r a i g h t l i n e , w h i l e i t i s 18 kms. b etween T u l m e i t h a and 

E l - M a r j . C y r e n e i s s i t u a t e d on t h e s e c o n d e s c a r p m e n t and 

e xposed t o t h e r a i n b e a r i n g w i n d s , w h i l e E l - M a r j i s p l a c e d i n 

a v a s t b a s i n s u r r o u n d e d to t h e n o r t h by t h e f i r s t e s c a r p m e n t 

w h i c h r i s e s t o 40 - 50 m. above the P l a i n . To t h e s o u t h t h e 

P l a i n i s dominated by J e b e l E l - A b i d w h i c h r i s e s to 168 m. 
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above t h e P l a i n , and s i t u a t e d o n l y 5 k i l o m e t e r s from E l -

Mar j . 

The a n n u a l r a i n f a l l , however, v a r i e s from y e a r to 

year, from p l a c e t o p l a c e and e v e n from month to month, more 

t h a n f o r example i n t h e c e n t r a l J e b e l . F o r i n s t a n c e , E l - M a r j 

r e c e i v e d a t o t a l o f 773.3 mm. i n 1929, and 561.5 mm. i n 196l, 
w h i l e o n l y 280.3 mm. had f a l l e n i n 1933 and 251.7 mm. i n 196O. 
F i g u r e No.23 i l l u s t r a t e s t h e f l u c t u a t i o n o f r a i n f a l l i n two 

d i f f e r e n t y e a r s , one c h a r a c t e r i s e d by abundant r a i n f a l l (1929) 
( 3) 

and a n o t h e r l e s s (1933). A c c o r d i n g to M i c h e l i ^ 'Zorda, w h i c h 

i s o n l y about f o u r k i l o m e t e r s from E l - M a r j , may e x p e r i e n c e 

70 mm. l e s s r a i n t h a n i n E l - M a r j i t s e l f . E l - A w e l i y a w h i c h i s 

12 kms. from E l - M a r j r e c e i v e d 669.9 mm. i n 1961 w h e r e a s E l -

M a r j r e c e i v e d 561.5 mm. i n t h e same y e a r * T a b l e 3 i i n A p p e n d i x 

I g i v e s d e t a i l e d d a t a f o r t h e t o t a l m o n t h l y and a n n u a l r a i n f a l l 

and a v e r a g e r a i n y d a y s i n E l - M a r j (1920 - 4o). 

* U n f o r t u n a t e l y i t i s i m p o s s i b l e t o a n a l y s e r a i n f a l l f i g u r e s 
i n t h e l o c a l s t a t i o n s i n E l - M a r j P l a i n , s u c h a s i n E l -
A w e l i y a , Hopps f a r m , Z o r d a , C e r a s o l a f a r m and S a r z u g h a , 
s i n c e t h e r e c o r d s a r e n o t a v a i l a b l e f o r l i n g e r p e r i o d s , 
and t h e f i g u r e s a r e n o t c o m p l e t e f o r some months i n t h e 
p e r i o d o f o b s e r v a t i o n d u r i n g t h e I t a l i a n o c c u p a t i o n , 
and t h e y have not r e c o v e r e d s i n c e t h e I t a l i a n s l e f t . 
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Th e i n t e n s i t y o f v a r i a b i l i t y o f r a i n f a l l i s g i v e n 

i n t h e f o l l o w i n g t a b l e f o r t h e maximum and minimum o b s e r v e d 

i n E l - M a r j i n t h e p e r i o d o f 1921 - 194l. 

TABLE 8. 

I n t e n s i t y o f v a r i a b i l i t y o f r a i n f a l l i n El-Mar.j i n mm. 

0 N D J F M 
Maximum 131.0 190.4 242.1 240.9 255.4 214.0 
Minimum 0:0 0.0 23.8 37.7 19-6 0.6 

The a n n u a l a v e r a g e o f t h e v a r i a b i l i t y i n t e n s i t y f o r 

E l - M a r j f o r a d i f f e r e n t p e r i o d c a n be c a l c u l a t e d a s shown 

below:-

P e r i o d F i v e y e a r s p e r i o d Ten y e a r s p e r i o d G e n e r a l a v e r a g e 
f o r 20 y e a r s 

1921-25 493.2 ) 547.8 ) 
1926-30 602.7 ) ) 

.3 J 434.0 J ^ 0 . 9 1931-35 385 
1936-40 482 

The f i r s t f i v e y e a r s p e r i o d (1921-25) i n d i c a t e s t o 

a r e g u l a r a v e r a g e , w h i l e an i n c r e a s e i s n o t e d i n t h e 

s u c c e s s i v e p e r i o d (1926-30). The t h i r d p e r i o d i s c h a r a c t e r i s e d 

by a d e c r e a s e i n r a i n f a l l , w h i l e an i n c r e a s e o c c u r s i n t h e 

f o u r t h p e r i o d (1936-40) and i s about t h e same a n n u a l a v e r a g e . 

F a n t o l i c a l c u l a t e d t h e p l u v i o m e t r i c c o e f f i c i e n t * i n 

* The p l u v i o m e t r i c c o e f f i c i e n t f o r any month i s a r r i v e d a t by 
e x p r e s s i n g t h e mean m o n t h l y r a i n f a l l t o t a l f o r a g i v e n 
s t a t i o n a s a r a t i o o f t h e h y p o t h e t i c a l amount e q u i v a l e n t t o 
e a c h month*s r a i n f a l l were t h e t o t a l r a i n f a l l f o r t h a t 
s t a t i o n to be e q u a l l y d i s t r i b u t e d t h r o u g h o u t t h e y e a r . 
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d i f f e r e n t c l i m a t i c z ones o f L i b y a t o d e f i n e t h e s p e c i f i c 
c h a r a c t e r o f e a c h r a i n y month. The f o l l o w i n g t a b l e g i v e s 
t h e p l u v i o m e t r i c c o e f f i c i e n t i n t h e w e s t e r n J e b e l A k h d a r : -

TABLE 9 

The P l u v i o m e t r i c C o e f f i c i e n t i n t h r e e s t a t i o n s 
a c c o r d i n g t o t h e i r c l i m a t i c z ones 

0 N D J F M 
M a r i t i m e zone 

T u l m e i t h a 0.39 0.74 1.71 1.69 1.12 0.33 

Ste p p e zone 
T a c n i s 0.32 0.72 1.38 1.64 1.38 O.57 

A l t i p i a n o zone 
E l - M a r j 0.46 0.75 1-52 1.51 1.23 0.54 

D r o u g h t s : Some s e c t i o n s o f L i b y a u s u a l l y s u f f e r from d r o u g h t 

e v e r y y e a r , and evesy few y e a r s g e n e r a l d r o u g h t s c o v e r i n g l a r g e 

a r e a s o c c u r . At E l - M a r j i n any y e a r t h e r e i s an a v e r a g e o f 

f o u r t o f i v e r a i n l e s s p e r i o d s and more t h a n f i f t e e n d a y s 

w i t h o u t r a i n may be e x p e c t e d i n e a c h p e r i o d . 

I t i s a f a c t o r o f s i g n i f i c a n t i m p o r t a n c e t h a t t h e 

i n t e n s e v a r i a b i l i t y o f an i n s u f f i c i e n t r a i n h a s been, and w i l l 

be, a tremendous r e t a r d i n g e l e m e n t i n a g r i c u l t u r a l development 

and s t a b i l i s a t i o n w h i c h a r e complementary i n L i b y a , e a c h 

a b s o r b i n g an e q u a l s h a r e o f t h e n a t i o n a l c a p i t a l r e s o u r c e s . 

However, d r o u g h t s may be d i s t i n g u i s h e d a s f o l l o w s : -

1. A n o t i c e a b l e s e a s o n a l f l u c t u a t i o n w i t h d i s p l a c e m e n t o f t h e 
r e l a t i v e maximum. 

2. L o c a l e x c e s s i v e d r o u g h t p r o l o n g e d f r o n one p e r i o d to a n o t h e r . 

3. D i m i n i s h i n g o f t h e q u a n t i t y to a h a l f , o r t h i r d , o f t h e 
s e a s o n a l a v e r a g e . 
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k. Complete d r o u g h t w i t h r e g i o n a l o r g e n e r a l c h a r a c t e r i s t i c s , 
e x t e n d i n g from 2 - 3 s u c c e s s i v e y e a r s . 

The d e c r e a s e o f r a i n f a l l to a h a l f o r t h i r d o f t h e 

o r d i n a r y a v e r a g e i s a r i s k t o t h e gr o w t h o f c r o p s , w h i l s t 

t h e t o t a l a b s e n c e o f r a i n f a l l d u r i n g t h e a g r i c u l t u r a l y e a r i s 

a c a l a m i t y to t h e economy o f t h e c o u n t r y . 

(k) 

F a n t o l i i n h i s s t u d y c o l l e c t e d e v i d e n c e f o r 

B e n g h a z i from t h e l a t e n i n e t e e n t h c e n t u r y and to y e a r s o f t h e 

t w e n t i e t h c e n t u r y i n w h i c h o n l y 50*9$ ( o f 55 c a s e s ) o f t h e 

c r o p v a r i e d from f a i r l y good to e x c e l l e n t , and ^9.1$ from a 

co m p l e t e f a i l u r e t o a poor c r o p . 

However, t h e c o n d i t i o n s on E l - M a r j P l a i n , and on t h e 

J e b e l a s a whole, a r e more f a v o u r a b l e t h a n on t h e B e n g h a z i 

p l a i n . A t E l - M a r j , f o r a p e r i o d o f kO y e a r s o f o b s e r v a t i o n s , 

one y e a r i n f i v e had a s u f f i c i e n t l y h i g h i n c i d e n c e o f r a i n l e s s 

p e r i o d s s u f f i c i e n t t o g i v e d r o u g h t c o n d i t i o n s . L i b y a a s a 

whole h a s s u f f e r e d g e n e r a l d r o u g h t s i n t h e y e a r s 1915-17i 

and 19^6-^8. I n C y r e n a i c a t h e y e a r s o f d r o u g h t s were 

1926-27, 1929-32, and 1955-60. T a b l e 10 g i v e s t h e m o n t h l y 

amount o f r a i n f a l l i n E l - M a r j , E l - A w e l i y a and T u l m e i t h a 

f o r t h e y e a r I96O a s a d r o u g h t y e a r , and 1961 a s a good y e a r . 

The y e a r s 1955-60 were poor .in.' r a i n f a l l and c r o p s 

and a n i m a l s s u f f e r e d a c c o r d i n g l y , d e t a i l s o f w h i c h w i l l be 

d i s c u s s e d i n t h e s e c t i o n on a g r i c u l t u r e . 
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TABLE 10 

T a b l e 10;- Mean m o n t h l y a t El-Mar.j ,6-Aweliya and T u l m e i t h a 
f o r 1959, 1960, 1961. 

J F M A M J J A S 6 N D A n n u a l 
T o t a l 

E l - M a r .i 
1959 
Monthly 

mean izh. 0 35.5 20.9 1-5 _ _ _ i 4 . 7 27.8 64, 288.4 
" R a i n y 17 9 5 2 6 6 12 Si 

d a y s 
1960 
Monthly 

mean 59. 5 9-5 16 2.5 - - - - - - 37 .. 127. 2 251.7 
" R a i n y 

d a y s 10 5 2 2 5 9 33 
1961 
Mon.Mean HZ 245.5 12 - 39.5 - 152.5 561.5 
" R a i n y 

E U. d a y s 11 14 3 - • 7 - 14 49 
A w e l i y a 
1959 
Mon.mean 132 32.0 4.5 1.2 13 15 61 25g.7 
" R a i n y 

25g.7 

d a y s 13 5 2 1 4 2 8 35 
1960 
Mon.mean 66 4 18 4 79-3 88.3 259.6 
" R a i n y 

d a y s 10 2 4- 2 5 6 29 
1961 
Mon.mean 71 495.5 19 - _ _ _ _ _ 21.4 5-9 57.1 669.9 
" . R a i n y 

d a y s 9 16 4 - 7 3 22 61 
T u l m e i t h a 
1959 
Mon.mean 28 . 5 74.6 15 8.5 19 8 81 234.6 
" R a i n y 

d a y s 5 10 5 4 - - - - - 2 2 11 39 
1960 

12k; 

39 
Mon.mean 57 9.5 16.5 - _ _ _ _ _ _ 36.5 12k; 243.5 " R a i n y 

14 d a y s 14 5 9 — _ _ _ _ _ _ 7 10 45 
1961 

45 
Mon.mean 76 205 .5 20 — 24 _ 88 413.5,, " R a i n y 413.5,, 

d a y s 17 21 7 - 7 - 18 70 
"Source:- M e t e o r o l o g i c a l O f f i c e , T r i p o l i , L i b y a . 
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A r i d i t y I n d e x ; - I t i s o b v i o u s t h a t t h e v a r i a b i l i t y o f 

r a i n f a l l i s one o f t h e m a j o r c a u s a t i v e f o r c e s b e h i n d t h e 

a r i d i t y o f C y r e n a i c a . From t h o s e f i g u r e s a s a i l a b l e , 

s i g n i f i c a n t d a i l y , s e a s o n a l and r e g i o n a l v a r i a t i o n may be 

o b s e r v e d . The i r r e g u l a r d i s t r i b u t i o n o f f r e q u e n t t o r r e n t i a l 

r a i n s and t h e summer d r o u g h t s make i t n e c e s s a r y t o f o r m u l a t e 

an a r i d i t y i n d e x on w h i c h c a n be b a s e d t h e e s t i m a t i o n o f ground 

w a t e r r e s e r v e s and t h e economic s t u d y o f i r r i g a t i o n s u p p l i e s . 
(5) 

Ahlman x ' was t h e f i r s t t o f i n d t h e a n n u a l a r i d i t y i n d e x f o r 

some s t a t i o n s i n L i b y a on t h e De Martonne f o r m u l a . * He f i n d s 

t h a t t h e a r i d i t y i n d e x i n t h e " e x o r e i c " C y r e n e a r e a i s 25 

bu t i n c l u d e s i n t<his c l a s s , D e r n a , w i t h i t s a r i d i t y i n d e x o f 

11, t a k i n g i n t o c o n s i d e r a t i o n t h e r u n - o f f t o w a r d s t h e s e a . 

Then i n t h e " e n d o r e i c " r e g i o n s E l - M a r j h a s an a r i d i t y i n d e x ** 

o f ik, where t h e k a r s t i c f o r m a t i o n s c o m p l i c a t e t h e p i c t u r e o f 

r u n - o f f w a t e r f l o w . I n t h e " a r e i c " humid r e g i o n s , B e n g h a z i i s 

9.2. F i n a l l y i n t h e s e m i - " a r e i c " regions,;El-Jlegima. h a s an 

a r i d i t y i n d e x o f 8. However, F a n t o l i ' s work w h i c h i s p r o b a b l y 
* The de Martonne i n d e x m e r e l y d i v i d e s two i m p o r t a n t 

a n t a g o n i s t i c c l i m a t i c f a c t o r s : r a i n f a l l by t e m p e r a t u r e . 
i = P (mm. and °c) 

. * •+ 1 0 

P = a v e r a g e a n n u a l r a i n ­
f a l l i n mm. 

t = a v e r a g e a n n u a l t e m p e r a t u r e i n C 
F o r a n a r e a s u c h a s t h a t u n d e r e x a m i n a t i o n t h i s i n d e x i s a 
s u f f i c i e n t a p p r o x i m a t i o n g i v e n t h e n a t u r e and d e f i c i e n c i e s o f 
m e t e o r o l o g i c a l d a t a . 

** E x o r e i s m (+20): c o n s t a n t w a t e r f l o w t o t h e s e a . 
E n d o r e i s m (lOr-20): I n t e r m i t t e n t w a t e r f l o w to t h e s e a . 
A r e i s m (-5)s t h e r e i s no w a t e r f l o w to t h e s e a . 
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more r e l i a b l e s i n c e i t i s b a s e d on a l o n g e r p e r i o d o f 

o b s e r v a t i o n , g i v e s t h e f o l l o w i n g i n d i c e s : C y r e n e 22.6, E l -

M a r j 17.5, D e r n a 10.3, B e n g h a z i 8.8 and E l - R e g i m a 8. 

The m o n t h l y a r i d i t y i n d e x i s i m p o r t a n t s i n c e i n t h e 

M e d i t e r r a n e a n c l i m a t e t h e d r y s e a s o n c o i n c i d e s w i t h t h e s e a s o n 

o f h i g h t e m p e r a t u r e . E l - M a r j f o r example w h i c h h a s an a n n u a l 

i n d e x o f a r i d i t y 17.5> h a s f o r t h e t h r e e months J u n e , J u l y and 

Augu s t an i n d e x below one w h i l s t t h e s i x months from A p r i l to 

September have an i n d e x a l w a y s l e s s t h a n 7 ( a v e r a g e 1.8) a s 

shown i n T a b l e 11. F i g u r e 23 a l s o i l l u s t r a t e s t h e r e l a t i o n s h i p 

b e tween r a i n f a l l and t he a r i d i t y i n d e x i n E l - M a r j . 

I t s h o u l d be n o t e d t h a t t h e ground w a t e r s u p p l y f o r 

t h e v e g e t a t i o n depends m a i n l y upon t h e a r i d i t y o f t h e p r e v i o u s 

w i n t e r s e a s o n . The w i n t e r mean a r i d i t y i n d e x f o r E l - M a r j i s 

38, T u l m e i t h a 24.8 and C y r e n e 50.kA6^ 

TABLE 11 

Monthly A r i d i t y I n d e x f o r E l - M a r j 

S t a t i o n J F M A M J J A S O N DAnn. 
E l - M a r j 71.2 49.2 20.8 6.4 2. 4 0.4 0.0 0.3 1.4 13.9 27.5 62.4|r7.5 

( 7 ) 

A c c o r d i n g t o P i o g e r , w / t h e a r i d i t y b o undary o f i n d e x 10 f o r 

th e w i n t e r s e a s o n seems t o f o l l o w r a t h e r c l e a r l y t h e g e n e r a l 

b o r d e r l i n e o f s h i f t i n g c u l t i v a t i o n o f c e r e a l c r o p s , and the 

boundary l i n e o f t h e g r o w i n g o f o l i v e t r e e s i s l o c a t e d 

somewhere between t h e a n n u a l i n d e x o f 10 and 15 e x c e p t i n t h e 

c a s e o f t h e w a d i beds o r where ground w a t e r i s a t s h a l l o w d e p t h s . 
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The i n d e x c u r v e 20 d e l i m i t s t h e r e g i o n most f a v o u r a b l e f o r t h e 
d r y f a r m i n g o f c e r e a l s and f o r r e a f f o r e s t a t i o n . E l - M a r j i s 
s i t u a t e d on t h e boundary o f t h i s c u r v e . 
H i s t o r y o f C l i m a t e : -

B e f o r e c o n c l u d i n g t h i s s e c t i o n we may a s k , h a s t h e r e 

b e e n any change i n t h e c l i m a t e o f L i b y a i n t h e h i s t o r i c a l 

t i m e s ? I t does n o t seem t h a t t h e r e i s any change i n t h e 

c l i m a t e r e g a r d i n g the q u a n t i t y o f r a i n f a l l . The g e n e r a l 

g e o g r a p h i c a l s i m i l a r i t y o f t h e c l a s s i c a l and p r e s e n t c o n d i t i o n s 

i s shown by t h e e s t a b l i s h m e n t o f the c i s t e r n , a c q u e d u c t s , and 

u t i l i z a t i o n o f s p r i n g s by G r e e k and Romans, and d i r e c t e v i d e n c e 

c o n f i r m s t h e h i s t o r i c a l r e c o r d s . I n Roman t i m e s t h e c h i e f 

s e t t l e m e n t s were a l l around the e x i s t i n g w e l l s , s p r i n g s and 
( 8 ) 

t h e a r e a s o f f a v o u r a b l e r a i n f a l l . A c c o r d i n g t o P r o f e s s o r 

F i s h e r , t h e w e i g h t o f t h e g e o g r a p h i c a l e v i d e n c e would s u g g e s t 

b r o a d l y unchanged n a t u r e i n t h e L i b y a n c l i m a t e d u r i n g t h e l a s t 
(9) 

two o r t h r e e m i l l e n n i a . ' 
R e l a t i o n o f R a i n f a l l t o A g r i c u l t u r e : -

H a v i n g d i s c u s s e d t h e r a i n f a l l a s a m e t e o r o l o g i c a l 

phenomenon i t i s c o n v e n i e n t to r e l a t e i t t o the a g r i c u l t u r a l 

a c t i v i t y i n t h e r e g i o n o f s t u d y . 

The e a r l y autumn r a i n s , i f t h e y come too soon, may 

do some harm s i n c e i t o f t e n happens t h a t a f t e r s u c h r a i n s t h e r e 

w i l l be a l o n g p e r i o d w i t h f i n e w e a t h e r and h o t d a y s . I f t h e 

a n i m a l s have got u s e d to the g r e e n g r a s s , and i t d r i e s up, 

t h e y w i l l d i s d a i n to e a t the r e m n a n t s o f t h e d r y g r a s s e s f r o m 
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t h e p r e v i o u s y e a r . I f t h e f a r m e r h a s sown h i s s e e d s 

p r e m a t u r e l y some damage may r e s u l t d e s p i t e t h e f a c t t h a t 

young s e e d l i n g s have a c o n s i d e r a b l e r e s i s t a n c e t o t h e d r o u g h t . 

S p r i n g r a i n f a l l i s o f g r e a t e s t i m p o r t a n c e f o r t h e h a r v e s t i n g 

o f c r o p s p a r t i c u l a r l y when young c r o p - p l a n t s a r e a l r e a d y 

a d v e r s e l y a f f e c t e d by w e a t h e r c o n d i t i o n s . F o r t u n a t e l y s p r i n g 

r a i n f a l l comes v e r y o f t e n i n E l - M a r j P l a i n . 

The d i s t r i b u t i o n o f r a i n f a l l i s a s i m p o r t a n t a s t h e 

t o t a l amount. R a i n s a f t e r w h i c h t h e r e i s a l o n g p e r i o d o f d r y 

w e a t h e r a r e o f d o u b t f u l u s e , a s a l s o a r e s m a l l amounts o f r a i n 

b e c a u s e o f t h e s l o w i n f i l t r a t i o n o f w a t e r i n t o t h e h a r d s o i l 

o f E l - M a r j P l a i n . 

Thus i n o r d e r to u n d e r t a k e a g r i c u l t u r a l 

d evelopment i t i s e s s e n t i a l to i n v e s t i g a t e , i n c o n s i d e r a b l e 

d e t a i l , n o t o n l y t h e q u a n t i t y b u t t h e c h a r a c t e r o f t h e 

r a i n f a l l i n t h e p a r t i c u l a r d i s t r i c t . 

The r e g i o n between E l - A b i a r and A i n Mara, i n c l u d i n g 

E l - M a r j P l a i n , r e p r e s e n t s t h e o n l y a r e a o f f a i r p o t e n t i a l 

f o r a g r i c u l t u r a l d evelopment, however, a d j a c e n t a r e a s w i t h 

l e s s t h a n 300 mm. p e r y e a r a r e s u i t a b l e f o r p a s t u r e and 

s h i f t i n g a g r i c u l t u r e . 

R e l a t i v e H u m i d i t y : -

Adequate r e a d i n g s o f r e l a t i v e h u m i d i t y a r e n o t 

a v a i l a b l e . From t h o s e f i g u r e s w h i c h a r e a v a i l a b l e , 

s i g n i f i c a n t d a i l y , s e a s o n a l , and r e g i o n a l v a r i a t i o n s may be 

o b s e r v e d . 
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Th e mean m o n t h l y v a l u e s f o r a 17 y e a r p e r i o d 

show a t e n d e n c y f o r E l - M a r j to h a v e a h i g h mean i n t h e w i n t e r 

months d u r i n g t h e wet s e a s o n . 

On t h e c o a s t a l p l a i n , t h e h i g h e s t h u m i d i t y i s 

d u r i n g June, J u l y and A u g u s t , b e c a u s e o f t h e p r e v a l e n c e o f 

s e a w i n d s b l o w i n g , and t h e h i g h r a t e o f e v a p o r a t i o n a s t h e 

t e m p e r a t u r e i n c r e a s e s . The t a b l e below shows t h e r e l a t i v e 

h u m i d i t y a t s e l e c t e d s t a t i o n s . 

TABLE 12 

T a b l e 12:- Monthly r e l a t i v e h u m i d i t y a t s e l e c t e d 
s t a t i o n s 

S t a t i o n J F M A M J J A s 0 N P Ann. 
Mean, 

E l - M a r j 74 70 6o 52 45 44 50 53 51 55 63 71 57 
E l - A b i a r 72 71 65 48 44 4o 46 49 56 57 63 75 57 
J . E l - A b i d 54 54 66 60 45 45 49 51 50 56 68 77 56 
T a c n i s 72 68 58 54 49 43 54 54 54 57 61 69 58 
C y r e n e 75 74 68 61 51 48 57 64 64 64 70 74 64 

T u l m e i t h a 64 6 l 61 62 62 66 67 64 63 59 60 66 63 
T o c r a 68 64 62 6p 65 69 69 69 66 60 57 66 65 

S o u r c e : - M e t e o r o l o g i c a l O f f i c e , T r i p o l i , L i b y a . 

T o c r a shows a h i g h e r p e r c e n t a g e o f r e l a t i v e 

h u m i d i t y t h a n T u l m e i t h a s i n c e t h e f o r m e r i s exposed to t h e 

s e a w i n d s from n o r t h - w e s t and s o u t h . The mean m o n t h l y 

R e l a t i v e H u m i d i t y i s l e s s t h a n 62.8$ f o r t h e w i n t e r months: 



-106-
At E l - M a r j t h e mean m o n t h l y R e l a t i v e H u m i d i t y i s w e l l above 
65$ i n t h e w i n t e r months w h i l e i t i s o n l y about 44$ i n t h e 
summer. The same a p p l i e s to t h e s t a t i o n s on t h e J e b e l i n t h e 
w i n t e r months. J a r d a s E l - A b i d h a s R e l a t i v e H u m i d i t y 60.8$, 
T a c n i s 64$ and E l - A b i a r 67$. 

The j e b e l s t a t i o n s d u r i n g t h e summer ha v e an a v e r a g e 

o f 50$ a t J a r d a s , 62$ a t T a n n i s , and 43.8 a t E l - A b i a r . 

The J e b e l seems more p l e a s a n t i n t h e summer t h a n t h e 

c o a s t a l p l a i n , where c o n d i t i o n s a r e most d e b i l i t a t i n g and 

i n h o s p i t a b l e . 

I t i s i n t e r e s t i n g to n o t e i n E l - M a r j P l a i n , and 

e s p e c i a l l y on t h e c o a s t a l p l a i n t h a t t h e l o w e s t h u m i d i t y o c c u r s 

d u r i n g t h e p e r i o d s o f s t r o n g G h i b l i w i n d s , when t h e r e l a t i v e 

h u m i d i t y i s p r a c t i c a l l y n i l . I n E l - M a r j P l a i n , ofi 24th and 

25th A p r i l , 193^ t h e r e l a t i v e h u m i d i t y was 6$ w h i l e on t h e 

n e x t day i t had r i s e n to 57$- I n T u l m e i t h a a t t h e same d a t e 

i t was 5$ and 6$ r e s p e c t i v e l y and had r i s e n t o 59$ on 26th 
A p r i l . 

The a t m o s p h e r i c h u m i d i t y h a s an i m p o r t a n t i n f l u e n c e 

i n E l - M a r j P l a i n f o r d r y i n g f r m i t s , e s p e c i a l l y g r a p e s , where 

t h e summer h u m i d i t y i s l o w e r t h a n on t h e c o a s t a l p l a i n and 

C y r e n e . 

Winds 

The most f r e q u e n t w i n d s a r e t h o s e from t h e n o r t h 

w e s t and from t h e e a s t . The m o i s t u r e l a d e n w i n d s from t h e 

M e d i t e r r a n e a n S e a u n q u e s t i o n a b l y c o n t r i b u t e to t h e a b i l i t y o f 
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t h e r e g i o n to s u p p o r t t h e l e v e l o f v e g e t a t i o n f ound t h e r e . 

T a b l e 13 g i v e s t h e f r e q u e n c y o f w i n d s and t h e p e r c e n t a g e , 

b l o w i n g from a l l d i r e c t i o n s , f o r 193^' 

The w e s t e r n and n o r t h w e s t e r l y w i n d s a r e t h e most 

f r e q u e n t w i n d s i n E l - M a r j d u r i n g t h e y e a r , w h i l s t t h e s o u t h 

w e s t e r l y w i n d s o c c u r m o s t l y i n w i n t e r and t h e n o r t h w e s t e r l y 

i n s p r i n g . 

TABLE 13 

T a b l e 13:- F r e q u e n c y o f w i n d s from a l l d i r e c t i o n s 
a t E l - M a r j 193^ 

Month ..N •NE E . S E . S . SW w NW cal m 

J a n u a r y 2 1 4 12 2 28 3^ 10 -
F e b r u a r y 7 9 5 13 6 10 17 17 -
March 4 7 5 16 4 3k 16 h 3 
A p r i l 14 12 3 13 7 . 5 15 12 9 
May 9 22 7 10 4 3 19 12 7 
June 13 15 3 5 2 7 20 17 8 
J u l y 12 5 1 - - - 26 35 14 
A u g u s t 13 4 - - - 1 12 51 12 
September 16 11 2 l - 1 13 31 15 
O c t o b e r 12 13 3 10 5 9 10 17 14 
November 6 8 5 17 8 10 9 10 17 
December l 3 - l 19 33 23 9 4 
T o t a l 109 110 38 98 57 l 4 l y.ik 225 103 
Percent.. 10 10 3 9 5 13 20 21 9 

S o u r c e : - B o l l e t t i n o M e t e o r o l o g i c o d e l l e C o l o n i e 
I t a l i a n e , Anno 193^-
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On t h e c o a s t a l p l a i n , t h e n o r t h e a s t e r l y w i n d s 
p r e d o m i n a t e e s p e c i a l l y d u r i n g summer, autumn and s p r i n g , w h i l e 
t h e s o u t h e r n w i n d s o c c u r f r e q u e n t l y i n w i n t e r , s p r i n g and 
autumn a s shown i n t h e T a b l e No.l4. 

T a b l e Ik 

T a b l e Ik:- P e r c e n t a g e o f f r e q u e n c y o f w i n d s from a l l 
d i r e c t i o n s i n T u l m e i t h a , T o c r a and T a c n i s , 

i n 1934. 

S t a t i o n N NE E S E S SW ¥ NW cal m 

T u l m e i t h a 15 2k 5 5 15 6 15 15 -

T o c r a 7 23 2 10 k 12 10 15 17 
T a c n i s 19 8 1 . k 22 5 Ik 2k 3 

S o u r c e L - B o l l . Metor. d e l l e , c o l . I t a l i a n o , 
• Anno 1934. 

E l - M a r j , T u l m e i t h a and T o c r a a r e more o r l e s s 

p r o t e c t e d from t h e s o u t h e r n w i n d s b e c a u s e o f t h e i r g e o g r a p h i c a l 

p o s i t i o n . T a c n i s i s more e x p o s e d t o t h e s o u t h e r n w i n d s w h i c h 

p r e d o m i n a t e d u r i n g s e a s o n s o f autumn, w i n t e r and s p r i n g 

( V i d e F i g . 2 3 ) . 

The i m p o r t a n t w ind from t h e s t a n d p o i n t o f i t s e f f e c t 

on v e g e t a t i o n " , i s t h e h o t and e x t r e m e l y d r y G h i b l i . I n 

i t s e l f , i t i s i n v a r i a b l y a d e p r e s s i o n w i n d . D u r i n g t h e s p r i n g 

months t h e G h i b l i i s a s s o c i a t e d w i t h low p r e s s u r e s y s t e m s 

from t h e A t l a n t i c moving a p p r o x i m a t e l y p a r a l l e l to n o r t h 

A f r i c a n c o a s t , though i n l a t e s p r i n g and summer i t i s l i k e l y 

t h a t t h e G h i b i l i i s t h e r e s u l t o f c y c l o n i c c o n d i t i o n s w h i c h 
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h a v e d e v e l o p e d o v e r t h e w e s t e r n S a h a r a , 

The a d v e n t o f a G h i b l i i s d i f f i c u l t to f o r e c a s t 

s i n c e i t d e v e l o p s f r e q u e n t l y when t h e r e a r e no o b v i o u s 

m e t e o r o l o g i c a l c o n d i t i o n s d i s c e r n i b l e from s y n o p t i c c h a r t s . 

The end o f a G h i b l i comes a s q u i c k l y a s t h e b e g i n n i n g w i t h 

c o o l e r a i r b l o w i n g from t h e s e a . U n f o r t u n a t e l y t h e r e a r e no 

d e t a i l e d r e c o r d s a v a i l a b l e o f t h i s w i n d i n E l - M a r j P l a i n . 

The G h i b l i w i n d s on E l - M a r j P l a i n h a v e n o t s u c h 

d i s a s t r o u s i n f l u e n c e s a s on t h e c o a s t a l p l a i n where t h e y d r y 

up t h e s o i l s on t h e s u r f a c e . The i n c r e a s e o f t e m p e r a t u r e 

i s l e s s i n E l - M a r j P l a i n , and t h e s o i l s a r e i n any c a s e more 

humid i n t h e s p r i n g owing to t h e abundant r a i n f a l l i n t h e 

w i n t e r . The e x c e p t i o n a l c a s e was i n 1950-51 when t h e whole 

wheat c r o p was damaged by t h e G h i b l i . T r e e c r o p s s u f f e r l e s s 

from t h e G h i b l i b e c a u s e o f t h e i r h a r d l e a v e s and t h e f a c t t h a t 

t h e r o o t s a r e o n l y a l i t t l e e x p o s e d on t h e s u r f a c e . The o l i v e 

t r e e s s u f f e r most i f t h e G h i b l i comes i n autumn i n t h e p e r i o d 

o f r i p e n i n g a s a l s o do t h e p e a c h e s , plums, a p r i c o t s , f i g s 

and p e a r s . 

F i n a l l y , t h e w i n d s w h i c h blow on t h e a r e a s a d j a c e n t 

to t h e s e a w i n d s c a r r y s a l t w h i c h l i m i t s t h e t y p e s o f 

c u l t i v a t e d c r o p s t h a t c a n be grown. T h i s i s t h e c a s e i n t h e 

a r e a b e t w e e n Rdanu and T u l m e i t h a . 

Dew 

As a c o n s e q u e n c e o f r e l a t i v e low t e m p e r a t u r e s 

d u r i n g t h e n i g h t , t h e c o n d e n s a t i o n o f w a t e r v a p o u r i s h i g h . 
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Dew forms m o s t l y i n t h e s p r i n g when t h e r e a r e t h e h i g h e s t 

d i f f e r e n c e s i n d a y and n i g h t t e m p e r a t u r e s . 

Dew i s b e n e f i c i a l t o t h e f o r a g e p l a n t s . I t i s a l s o 

o f i m p o r t a n c e t o l i v e s t o c k b r e e d i n g . I t i s known t h a t d u r i n g 

t h e p e r i o d when t h e r e i s much dew i n t h e morning, i t i s n o t 

a d v i s a b l e to s e n d t h e a n i m a l s t o t h e p a s t u r e s b e f o r e n i n e o r 

t e n a.m. s i n c e l a r g e q u a n t i t i e s o f v e r y humid g r a s s m i ght 

a f f e c t them a d v e r s e l y . I n t h e e x p e r i m e n t a l c e n t r e o f Z o r d a 

and E l - M a r j , i t i s p o s s i b l e to s e e t h a t d u r i n g t h e d a y s when 

t h e r e i s a s t r o n g dew f o r m a t i o n , t h e s o i l o f f o r a g e f i e l d s 

r e m a i n s humid u n t i l t h r e e o r f o u r o ' c l o c k i n t h e a f t e r n o o n . 

M i s t 

I t i s common on E l - M a r j P l a i n t o s e e d u r i n g autumn, 

w i n t e r and s p r i n g q u i t e d e n s e m i s t s e v e n d u r i n g t h e day, 

a l t h o u g h on t h e c o a s t a l p l a i n t h i s phenomenon i s r a r e , and 

o c c u r s , i f a t a l l , o n l y d u r i n g t h e e a r l y h o u r s o f t h e morning. 

M i s t f o r m a t i o n l a s t s l o n g i n E l - M a r j P l a i n , and i n 

t h e s m a l l w a d i s w h i c h sometimes i n t e r r u p t t h e h i l l s , and i n 

s p r i n g i s g e n e r a l l y h a r m f u l t o f a r m i n g e s p e c i a l l y d u r i n g t h e 

p e r i o d o f b l o s s o m i n g . The h a r m f u l e f f e c t s p a r t l y r e s u l t 

from l a t e r s u n s c o r c h b u t m a i n l y come from v i r u s and f u n g a l 

i n f e c t i o n s i n h i g h h u m i d i t y p l a n t l e v e l m i c r o - c l i m a t e s . The 

o l i v e i s o f t e n s e v e r e l y a f f e c t e d i n m i s t h o l l o w s . 

F r o s t 

Damage c a u s e d by f r o s t i s g r e a t e r i n E l - M a r j P l a i n 

t h a n t h e c o a s t a l p l a i n s i n c e t h e t e m p e r a t u r e s d u r i n g t h e n i g h t 



- I l l -

may f a l l b elow z e r o . The h i g h e s t i n c i d e n c e o f f r o s t s , 

p r o b a b l y f a l l s i n J a n u a r y . 

O t h e r m e t e o r o l o g i c a l phenomena a r e h a i l and snow, 

t h e f o r m e r coming f r e q u e n t l y i n w i n t e r d u r i n g t h e p e r i o d when 

v e g e t a t i o n i s a t r e s t , b u t i t may damage almond t r e e s d u r i n g 

t h e e a r l y b l o s s o m i n g p e r i o d o f s p r i n g . 

Snow, however, i s a s o r t o f c u r i o s i t y on t h e J e b e l , and i t i s 

o f no i n t e r e s t t o a g r i c u l t u r e . D u r i n g t h e w i n t e r s o f 1933-3^ 

and I 9 6 O - 6 I t h e r e came q u i t e an i n t e n s e snow f a l l where i n 

some p l a c e s on t h e J e b e l i t e x c e e d e d 50 cm. 

C l i m a t i c Zones 

I n 1952, F a n t o l i ^ 1 ^ d i v i d e d C y r e n a i c a i n t o what he 

termed t h e c l i m a t i c z ones w i t h r e s p e c t t o t h e g e o m o r p h o l o g i c a l 

r e g i o n s a s f o l l o w s : -

( 1 ) M a r i t i m e Zone: T h i s zone c o m p r i s e s t h e a r e a s a d j a c e n t 

t o t h e s e a and n e v e r e x c e e d s f i v e k i l o m e t r e s f u r t h e r i n l a n d . 

I t e x t e n d s from Z u e t i n a ( s o u t h o f B e n g h a z i ) t o t he G u l f o f 

Bomba ( V i d e F i g . 2k). 

( 2 ) L i t t o r a l S t e p p e Zone: T h i s i n c l u d e s t h e e a s t e r n edge o f 

the . J e b e l A k h dar b e t w e e n Wadi D e r n a and U:nr"m-Rzem, and 

B e n g h a z i p l a i n b etween t h e s o u t h e r n boundary o f C y r e n a i c a 

p r o p e r and T o c r a where t h e J e b e l d e s c e n d s t o t h e l i t t o r a l . 

The c o a s t a l p l a i n i s s l i g h t l y d r i e r t h a n t h e m o i s t u r e zone. 

( 3 ) The A l t i p i a n o ( M o u n t a i n ) Zone: T h i s zone c o n s i s t s o f t h e 

J e b e l Akhdar and t h r e e s u b - z o n e s : - A. The e a s t e r n J e b e l 
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sub-zone and i n c l u d e s E l - F a t a y a h P l a i n ( 12 kms. s o u t h - e a s t o f 

D e r n a ) between Wadi D e r n a a t t h e w e s t and t h e G u l f o f Bomba 

a t t h e e a s t , and Wadi E l - M a a l l e g h i n t h e s o u t h . 

B. C e n t r a l sub-zone c o m p r i s i n g E l - U a s i t a b etween Has 

T u l m e i t h a and promontory o f R a s E l - H i l a l , and a l s o t h e a r e a 

b e tween Wadi D e r n a i n t h e e a s t and E l — G h a r i b i n t h e w e s t . 

I t i n c l u d e s a l s o t h e a r e a b etween Khawlan ( 4 6 Kms s o u t h w e s t . 

o f D e r n a ) and Marawa e x t e n d i n g f o r about 60 kms. T h i s s t r i p 

i s n o t w e l l - d e f i n e d and i n f a c t i s a t r a n s i t i o n zone b e t w e e n the 

A l t i p i a n o zone and c o n t i n e n t a l s t e p p e zone. C. The w e s t e r n 

sub-zone c o n s i s t i n g o f D a h r E l - A h m e r i n c l u d i n g E l - M a r j P l a i n 

and J e b e l E l - A b i d between. Wadi ( E l - G a t t a r a and E l - G h a r i b ) . 

B r o a d l y s p e a k i n g t h i s zone i n c l u d e s t h e a r e a s 

b e t w e e n t h e f i r s t e s c a r p m e n t and t h e main w a t e r s h e d and i t i s 

p a r t , p a r t i c u l a r l y , o f t h e M e d i t e r r a n e a n sub-humid s u b -

zone. E x c l u d i n g t h e s t r i p b e tween Marawa and Khawlan, and 

t h e sub-zone between D e r n a and t h e G u l f o f Bomba, i t i s t h e 

r e a l f o r e s t a r e a . 

( 4 ) C o n t i n e n t a l S t eppe Zone; T h i s i n c l u d e s t h e s o u t h e r n 
K 

s l o p e s o f t h e J e b e l Akhdar, E l - G i s h a and E s - S e r u a l . I t a l s o 

c o m p r i s e s t h e a r e a betweenlfeeHTH-Gattara and A n t e l a t . 

( 5 ) S e m i - D e s e r t C l i m a t i c Zone; Or t h e I t a l i a n " p r e - d e s e r t " 

zone w h i c h i n c l u d e s t h e r e g i o n o f B a l t e where t h e w a d i s from 

t h e J e b e l d e s c e n d i n g s o u t h w a r d s f l o w . 

( 6 ) D e s e r t C l i m a t i c Zone; T h i s i n c l u d e s t h e whole o f t h e r e s t 

o f C y r e n a i c a . 
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CONCLUSION. 

To sum up, r a i n f a l l i s t h e f u n d a m e n t a l f a c t o r i n E l -

M a r j P l a i n s i n c e d r y - f a r m i n g i s p r a c t i s e d t h e r e , and t h e r e 

a r e no means o f . i r r i g a t i o n , e x c e p t i n t h e c o a s t a l p l a i n . 

As h a s a l r e a d y b e e n p o i n t e d o u t , r a i n f a l l i s e r r a t i c b o t h 

i n q u a n t i t y and d i s t r i b u t i o n . S i n c e a g r i c u l t u r e and 

l i v e s t o c k r e p r e s e n t t h e backbone o f E l - M a r j P l a i n , i t would 

be o f g r e a t m l u e f o r any development t o e s t a b l i s h 

m e t e o r o l o g i c a l o b s e r v a t i o n s t a t i o n s a l l o v e r t h e p l a i n 

p r o v i d e d w i t h q u a l i f i e d s t a f f t o make p o s s i b l e d e t a i l e d s t u d y 

o f r a i n f a l l and o t h e r m e t e o r o l o g i c a l e l e m e n t s . L i b y a , 

a t p r e s e n t , h a s t h e c a p i t a l t o p r o v i d e s u c h n e c e s s i t i e s . 

The c r i t i c a l n a t u r e o f most o f t h e c l i m a t i c 

c h a r a c t e r i s t i c s i n r e l a t i o n t o s e d e n t a r y l a n d u s e from 

c u l t i v a t i o n t o p o t a b l e w a t e r - s u p p l y i s o b v i o u s . W i t h t h i s 

i n mind i t i s e a s i e r t o u n d e r s t a n d t h e h i s t o r i c a l 

v a r i a t i o n s ( C h a p t e r V I l ) , t h e p e c u l i a r c h a r a c t e r i s t i c s o f 

I t a l i a n d e velopment a t t e m p t s ( p. 189) and t h e pr o b l e m s 

now f a c i n g t h e s t a t e o f L i b y a . 
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CHAPTER I V 

V e g e t a t i o n 

The v e g e t a t i o n c o v e r i n C y r e n a i c a i s d e t e r m i n e d by 

c l i m a t e , s o i l s , and t h e t o p o g r a p h y o f t h e r e g i o n . As p o i n t e d 

out most o f C y r e n a i c a i s d o m i n a t e d by d e s e r t c l i m a t e 

c o n d i t i o n s , e x c e p t f o r n o r t h e r n C y r e n a i c a tfiic'h e n j o y s a 

more humid c l i m a t e e s p e c i a l l y i n t h e J e b e l Akhdar where t h e 

M e d i t e r r a n e a n c l i m a t e p r e d o m i n a t e s . C o n s e q u e n t l y , t h e f l o r a l 

l i f e on t h e J e b e l Akhdar, ( o r "Green Mountain" i n E n g l i s h ) 

i s r e l a t e d more to t h e Maghreb and s o u t h e r n E u r o p e t h a n t o 

t h e r e s t of. L i b y a . Topography and s o i l s a r e a l s o i m p o r t a n t 

f a c t o r s i n v e g e t a t i o n d i s t r i b u t i o n b e t w e e n and e v e n w i t h i n 

z o n e s . D e s p i t e t h e f a c t t h a t T e r r a R o s s a s o i l i s 

c h a r a c t e r i s e d by c e r t a i n a s s o c i a t i o n s , a s w i l l be shown l a t e r , 

i n g e n e r a l t h e v e g e t a t i o n t y p e s may be d i v i d e d a c c o r d i n g to 

t h e p h y s i o g r a p h i c r e g i o n s : - t h e c o a s t a l p l a i n (The S a h e l 

b e tween T o c r a and T u l m e i t h a ) and t h e J e b e l ( V i d e F i g . 2 5 ) . 

The C o a s t a l P l a i n : -

The c o a s t a l p l a i n between T o c r a and T u l m e i t h a 

r e c e i v e s r a t h e r h i g h e r r a i n f a l l (300-350 mm) t h a n t h e 

s o u t h e r n p a r t o f t h e p l a i n a s p o i n t e d out i n t h e c h a p t e r on 

c l i m a t e . T h i s a r e a i s o f s e m i - a r i d M e d i t e r r a n e a n c l i m a t e 

and i s c o n s i d e r e d t o be t h e r i c h e s t p a r t o f t h e whole o f 

t h e L i b y a n c o a s t a l p l a i n i n s h r u b s and h e r b a c e o u s v e g e t a t i o n . 

I n t h e s e b k h a s a l o n g t h e l i t t o r a l s o u t h o f T o c r a t h e r e a r e 

h a l o p h i l o u s p l a n t s , w h i l s t e a s t o f T u l m e i t h a where t h e f i r s t 

e s c a r p m e n t a p p r o a c h e s t h e s e a , v e g e t a t i o n i s d e n s e r . 
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However, the f o r e s t between Tocra,. Tulmeitha and 
eastwards i s t a l l , c o n s i s t i n g mostly of Rhus oxycantas • ~ 
and P i s t a c i a l e n t i s c u s (Vide f i g . 26). There i s a l s o some 
tamarisk and carob w i t h r a r e specimens of Spiny broom 
(C o l y c o t o n i e s p i n o r s a ) , common f i g ( F i c u s c a r i c a ) , and w i l d 
common o l i v e ( Olea o l e a s t e r ) . T h i s t h i n f o r e s t i s spread 
over an a r e a of 20,000 h e c t a r e s . Rhus and l e n t i s k , the former 
a c h a r a c t e r i s t i c p a l e green and the l a t t e r a dark e r green, are 

merely l a r g e bushes t h a t are cropped by l i v e s t o c k . Moreover, 
the f o r e s t has been depleted by i n t e n s i v e p r o d u c t i o n of 
c h a r c o a l . The r u n - o f f from the f i r s t escarpment and the upper 
t e r r a c e have dug deep g u l l i e s as f a r as the sea, and both wind 
and water e r o s i o n have c o n t r i b u t e d to the degradation of the 
s o i l and denudation of t r e e r o o t s . 

The J e b e l : -

As f a r as d i s t r i b u t i o n of v e g e t a t i o n i s concerned, 

one must d i s t i n g u i s h between the upper t e r r a c e and the high 

J e b e l because of v a r i a t i o n i n p r e c i p i t a t i o n and the topography 

of the r e g i o n . 

The a r e a between E l - M a r j and E l - A b i a r i s s e m i - a r i d 

and r a i n f a l l ranges between 200 and 350 mm. I n t h i s p a r t of 

the upper t e r r a c e , the v e g e t a t i o n i s comprised of p l a n t s found 

i n Mediterranean bush and moor l a n d s , t y p i c a l of which are 

l o t u s (Zizyphus l o t u s ) , Poterium spinosum, C i s t u s s a l v i p o l i u s , 

P l i o r i u s f l o r c o s a , Thymelaea h i r s u t a , and Thymus c a p i t a t u s . 

P. spinosum i s a t i n y thorny, many-branched shrub found 

throughout C y r e n a i c a . I t grows i n t h i n s o i l on rocky t e r r a i n 
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and i s u s u a l l y the s i g n of age-old degradation of land. 
T h i s p l a n t has even been found along the l i t t o r a l but no 
s i z a b l e growth e x i s t s except beyond the f i r s t escarpment. 
I t s u t i l i t y f o r l o c a l people i s l i m i t e d to fire-wood and 
fodder f o r camels. P. f l o c c o s a i s a l s o w i d e l y d i s t r i b u t e d 
i n a l l s o i l s and zones, and more p e c u l i a r l y to the l i t t o r a l . 
and the J e b e l r e g i o n . C i s t u s and Thymus are c o n s i d e r a b l y 
degraded, due to o v e r g r a z i n g by l o c a l t r i b e s , and could do 
w i t h improvement. 

F u r t h e r north, and to the west of E l - A b i a r , and 

5 kms. west of El - M a r j and i t s surroundings, the whole of 

the upper t e r r a c e and the c r e s t of the f i r s t escarpment are 

occupied by Mediterranean "maquis". The dominant t r e e i s 

Juniperus Phoenicea which i s t y p i c a l of T e r r a Rossa s o i l . 

I t i s estimated t h a t the J u n i p e r covers an a r e a of 50,526 ha. 
(2) 

i n E l - M a r j P l a i n and the surrounding a r e a s . The j u n i p e r 

i s the most widespread t r e e i n the whole of n o r t h e r n C y r e n a i c a 

and the only t r e e extending to the southern edge of the 

f o r e s t r e g i o n . I t r e p r e s e n t s 43,29% of the t o t a l f o r e s t 

s p e c i e s and occupies 200,000 h e c t a r e s i n no r t h e r n C y r e n a i c a . 

I t i s g e n e r a l l y found i n mixed stands w i t h other s p e c i e s , 

mainly l e n t i s k and arbutus, but grows alone i n pure stands 
(3) 

on,the southern l i m i t of the f o r e s t . According to K e i t h ; 

j u n i p e r was endemic through L i b y a , but now i s confined only 

to n o r t h e r n C y r e n a i c a . 
J u n i p e r growth i s ve r y slow and i t i s estimated 
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th a t the average annual growth i n the J e b e l Akhdar i s 

1.420 m per h e c t a r e . The f o l l o w i n g t a b l e g i v e s the annual 

growth and d e n s i t y of j u n i p e r and the other s p e c i e s of the 

f o r e s t i n the J e b e l Akhdar. 

TABLE 15 - The D e n s i t y and annual growth of the f o r e s t 
s p e c i e s i n the J e b e l Akhdar 

S i z e of Area i n Annual T o t a l T o t a l annual T o t a l annual 
f o r e s t h e c t a r e growth of annual . growth o f growth of 
D e n s i t y j u n i p e r growth oi other a l l species 

per hectare j u n i p e r s p e c i e s of the 
i n m i n m i n m f o r e s t 

13.7$ of 
the forest 73,333 1.982 43.364 44.918 88 ?282 
hi g h 
d e n s i t y 
27$ of the 
f o r e s t 144,666 1.375 198.915 62.062 260,977 
medium 
d e n s i t y 
59.3$.of 
the forest 317,001 0.904 196.168 61.131 257,£99 
low 
d e n s i t y 

Source:- F o r e s t r y Department Annual Report 1962 - 63 Benghazi. 

I t i s estimated a l s o t h a t the annual increment i s 0.4 m per 

h e c t a r e f o r R. oxyacantha and P. Ii,entisb-us. 

J u n i p e r y i e l d s an e x c e l l e n t hardwood which i s used 

f o r f u e l e i t h e r i n i t s n a t u r a l s t a t e or i n the form of 

c h a r c o a l . Where no other lumber i s a v a i l a b l e i t i s even used 

f o r l i g h t c a r p e n t r y work i n the r o o f s of the' old-fasUoned 

houses and i n f e n c e s . The he i g h t of the j u n i p e r t r e e v a r i e s 
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between 2 and 12 metres. I t can be d i f f e r e n t i a t e d from the 

Pinus h a l e p e n s i s by the many branches a t the trunk, near to 

the ground. The j u n i p e r i s an important f a c t o r i n s o i l 

p r e s e r v a t i o n . 

The other abundant shrub t r e e i n the E l - M a r j - E l -

A b i a r a r e a i s P i s t a c i a l e n t i s c u s . I t i s widespread over the 

J e b e l Akhdar. I t s f r u i t s produce o i l s i m i l a r to o l i v e o i l , 

but not e x p l o i t e d i n L i b y a f o r commercial u s e s . I t s l e a v e s 

c o n t a i n 28$ tans ( p y r o g a l l o l ) w h i c h i s used l o c a l l y f o r tanning. 

L e n t i s c u s r e p r e s e n t s the permanent p a s t u r e i n autumn and 

w i n t e r and i n the y e a r s of droughts. L e n t i s c u s , however, 

s u f f e r s h e a v i l y from g r a z i n g s i n c e goats eat i t s l e a v e s , s m a l l 

branches and t e r m i n a l shoots. T h i s p l a n t grows i n the form of 

a l a r g e bush but, d e s p i t e i t s vigour, i t i s not s u i t a b l e f o r 

f o r e s t stock, although e x c e l l e n t f o r c h a r c o a l . 

The t h i r d s p e c i e s of the "maquis" i s Arbutus p a v a r i i . 

I t needs deep s o i l w i t h a h i g h humidity content and u s u a l l y 

c o l o n i s e s the no r t h e r n s l o p e s which are l e s s exposed to the 

sun, and so i t p r e s e r v e s s o i l humidity f o r a long p e r i o d 

d u r i n g the ye a r . Arbutus i s common throughout the re g i o n , but 
i 

never grows i n pure stands. I t can be found w i t h j u n i p e r , 

l e n t i s k , carob or w i l d o l i v e , and f r u i t s i m i l a r to r o s e b e r r y , 

w h i l s t i t s hard pink wood i s used f o r f u e l or f o r the 

prod u c t i o n of c h a r c o a l . 

The zone between El-Mar j and Tulmeitha has an average 
r a i n f a l l between 350-^00 mm., P i s t a c i a 1enti s m i s predominates 
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on the more humid s l o p e s , and the permeable limestone of the 
Eocene w i t h a well-developed s o i l ( w i t h a hygroscopic top s o i l ) . 

To the e a s t of E l - M a r j w i t h the i n c r e a s e of r a i n f a l l 

to^OO mm. and deep re d s o i l r i c h i n c l a y (more than 5 0 % ) j 

e s p e c i a l l y i n the wadis or d e p r e s s i o n s which have not been 

c l e a r e d , a t y p i c a l "maquis" r e p r e s e n t e d by pure stands of 

P . L e n t i s c u s i s found. I t i s degraded by o v e r g r a z i n g s i n c e i t 

surrounds the c u l t i v a t e d a r e a i n the n o r t h e a s t of E l - M a r j 

P l a i n . 

F u r t h e r to the e a s t and around Wadi E l - L a u l a b 

j u n i p e r and A . p a v a r i i are a l s o dominant, w h i l s t i n the more 

humid are a s i n the extreme n o r t h e a s t of E l - M a r j P l a i n and 

i n the wadi bed i n the same g e n e r a l a r e a , there are quercus 

c o c c i f e r a , C e r a t o n i a s i l i q u a , Olea a l e a s t e r ( w i l d o l i v e ) and 

Laurus n o b i l i s . The f i r s t two s p e c i e s are found i n the wadis 

of E l - L a u l a b , Shaaba and Zaza, w h i l e the w i l d o l i v e i s found 

s c a t t e r e d among the f o r e s t and concentrated i n l a r g e numbers 

i n E l - G h a r i b a r e a . L. n o b i l i s i s r a t h e r r a r e . P i nus 

h a l e p e n s i s i s r a r e i n E l - M a r j P l a i n and the surrounding a r e a s . 

However, i t i s n a t i v e i n numerous p l a c e s on the n o r t h e r n rocky 

s l o p e s of the f i r s t escarpment near the sea. 

I n the zone between the second escarpment and J a r d a s 

E l - A b i d i n c l u d i n g T a c n i s , and extending to El-Bayada and Marawa, 

the s o i l s are c a l c a r e o u s on dry s l o p e s w i t h an outcrop of 

parent r o c k and h i l l tops, producing an a s s o c i a t i o n of j u n i p e r 

and A . p a v a r i i . The j u n i p e r seems to have reached a climax 
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s t a g e i n t h i s area.. T h i s a s s o c i a t i o n c o v e r more t h a n 75$ of 
t h e f o r e s t zone. The P. l e n t i s c u s i s a l s o f o u n d . 

The s o u t h e r n l i m i t o f t h e j a n i p e r i s about f i v e 

k i l o m e t r e s s o u t h o f T a c n i s . T h i s i n d i c a t e s i n c r e a s i n g l y a r i d 

c l i m a t i c c o n d i t i o n s . To t h e s o u t h w e s t t h e f o r e s t e x t e n d s a s 

f a r a s e i g h t k i l o m e t r e s s o u t h o f J a r d a s E l - A b i d ( V i d e F i g . 2 6 ) . 

I t s r a n g e i s r a t h e r l i m i t e d and i t grows i n i s o l a t e d clumps i n 

t h e m i d s t o f t h e b r u s h wood and e s p e c i a l l y i n w a d i Sonob_ar 

s o u t h o f B a t t a . I t s wood i s u s e d f o r b o t h f u e l and l u m b e r . 

The f o l l o w i n g t a b l e s g i v e t h e a r e a o f t h e i m p o r t a n t 

s p e c i e s of t h e n a t u r a l f o r e s t i n n o r t h e r n C y r e n a i c a , and 

i n M u t a s a r r i f i a o f E l - M a r j . 

TABLE 16:- A r e a s o f t h e i m p o r t a n t s p e c i e s o f t h e n a t u r a l 
f o r e s t i n C y r e n a i c a i n h a . 

. S p e c i e s 
1 1 

A s s o c i a t i o n a r e a i n h a . $ o f o t h e r '. 
s p e c i e s 

J u n i p e r u s P h o e n i c e a c o n i f e r 200,000 43.2 
C u p r e s s u s s e m p e r v i r e n s it 8,000 1.7 
P i n u s h a l e p e n s i s ii 8,000 !-7 
P i s t a c i a l e n t i s c u s b r o a d l e a f 135,000 29.2 
,iArbutus p a v a r i i I I 32,000 6.9 
C e r a t o n i a s i l i q u a I I 12,000 2.6 
Rhus o x y c a n t h a it 42,000 9.1 
O l e a o l e a s t e r ii 14,000 3.0 
Q u e r c u s c o c c i f e r a I I 12,000 2.6 

T o t a l 463,000 100.0 
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TABLE 17 - The . t o t a l a r e a s , o f n a t u r a l and p r e s e r v e d f o r e s t s , . 
and r e a f f o r e s t a t i o n i n M u t a s a r r i f i a o f E l - M a r j i n 

ha.. 

M u t a s a r r i f i a N a t u r a l F o r e s t P r e s e r v e d 
1 

Reafforestation T o t a l 
C o n i f e r s B r o a d l e a f F o r e s t 

E l - M a r j 102,000 96,000 85O 485 199,335 
1> to 
C y r e n a i c a 

hi 39 ., 37 x 5 42.7 

I t i s w o r t h m e n t i o n i n g t h a t t h e "maquis" f o r e s t 

b e tween E l - M a r j and Y u n g i F a c t o r y c a n i n v a d e t h e p l a n t e d a r e a 

w i t h s u r p r i s i n g r a p i d i t y . The same s i t u a t i o n e x i s t s i n 

F a r z u g h a and El-Hemda. The p l o t s o f l a n d t i l l e d by t h e I t a l i a n 

c o l o n i s t s h a v e l a i n i d l e f o r t h e p a s t t w e n t y y e a r s a s a r e s u l t 

o f w h i c h t h e y a r e c o m p l e t e l y o v e r r u n w i t h b u s h ; and were i t 

n o t f o r l i v e s t o c k , t h i s b u s h would d e v e l o p i n t o f u l l s i z e 

t r e e s . ( V i d e P l a t e 5a). 

I t i s i m p o r t a n t to d e a l a l s o w i t h t h e u n d e r s t o r y 

v e g e t a t i o n i n E l - M a r j P l a i n and t h e a d j a c e n t a r e a s f o r i t s 

s i g n i f i c a n c e to a n i m a l h u s b a n d r y . Between T o e r a and T u l m e i t h a 

t h e t y p i c a l p l a n t s a r e : C a l y c o t o r n e r i g i d a , Z i z y p h u s l o t u s , 

U r g i n e a m a r i t i m e , T h y m e l a e a h i s s u t a , H a l o x y l o n s a l i c o r n i c u m , 

and Lygeum s p a r t i u m . C. r i g i d a i s i m p o r t a n t among t h e "maquis" 

f o r e s t . Z . l o t u s i s a s h r u b and i t s s e e d , u n l e s s e x c r e t e d , 

g e r m i n a t e s w i t h d i f f i c u l t y . U. m a r i t i m e i s t y p i c a l o f 

m a r i t i m e c l i m a t e and common i n t h e whole c o a s t a l p l a i n ; I t i s 

p l a n t e d a l o n g t h e r o a d s and by t h e l o c a l p e o p l e t o mark 

b o u n d a r i e s o f t h e i r f i e l d s . I t y i e l d s a r a t p o i s o n ( a r e d 



P l a t e 5 ( A ) - C u l t i v a t e d a r e a , s u r r o u n d e d b y m a q u i s . 

* 

P l a t e 5 ( B ) - T y p i c a l o f m a q u i s v e g e t a t i o n f o u n d i n E l - M a r j P l a i n 
a n d t h e s u r r o u n d i n g a r e a s . 
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s q u i l l ) b u t i s n o t so u t i l i s e d i n L i b y a . T . h i s s u t a grows i n 

t h e deep f e r t i l e s o i l and o c c a s i o n a l l y i n t h e w a d i b e d s o r on 

t h e r o c k y s u r f a c e w h i l e H. a r t i c u l a t i o n i s a l s o common and i s 

e a t e n by c a m e l s b u t i s p o i s o n o u s t o o t h e r l i v e s t o c k . 

L . s p a r t i u m i s w i d e s p r e a d i n t h e whole o f t h e c o a s t a l p l a i n and 

t h e J e b e l Akhdar. 

On t h e J e b e l t h e s h r u b and h e r b a c e o u s v e g e t a t i o n 

d i s t r i b u t i o n v a r i e s a c c o r d i n g to t h e t y p e s o f s o i l s and 

r a i n f a l l . The species f o und i n t h e a r e a b etween E l - M a r j and 

E l - A b i a r a r e Z . l o t u s , P.spinosum, P . f l o r c o s a , T . H i s s u t a and 

T . C a p i t a t u s . P . s pinosum a s f a r a s i s known i s c o n f i n e d to 

C y r e n a i c a . T h e r e a r e a t l e a s t t h r e e s p e c i e s but. t h i s a p p e a r s 

to be r e p r e s e n t a t i v e . I t i s abundant i n many p l a c e s and 

c o n s t i t u t e s the. dominant c h a r a c t e r i s t i c o f t h e v e g e t a t i o n . 

I t i s e x t e n s i v e l y u s e d a s f u e l , and i s i m p o r t a n t i n t h a t i t 

a p p e a r s to i n d i c a t e a r e a s s u i t a b l e f o r a f f o r e s t a t i o n w i t h 

j u n i p e r u s c u p r e s s u s and p i n u s . P. f l o r c o s a i s a p e r e n n i a l 

p l a n t f o und i n t h e T e r r a R o s s a s o i l o f t h e E l - M a r j p l a i n . 

T . c a p i t a t u s i s a p r o t e c t e d p l a n t owing t o i t s g r e a t v a l u e f o r 

bee p a s t u r e , t h e honey p r o d u c e d b e i n g r e g a r d e d a s o f e x c e l l e n t 

f l a v o u r . I t i s commonly u s e d i n C y r e n a i c a a s i t i s r e a d i l y 

c o m b u s t i b l e b u t does n o t a p p e a r to be e a t e n b y l i v e s t o c k . 

I n t h e more humid z o n e s o f E l - M a r j P l a i n t h e 

f o l l o w i n g s p e c i e s a r e f o u n d : P.media, R. o f f i c i n a l i s , R . o l e o i d e s 

M.commonis, C . s p i n o s a and P . h a r m a l a . The f i r s t and t h e 

s e c o n d s p e c i e s a r e found among t h e "maquis" f o r e s t and 
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R. O f f i c i n a l i s r o o t s a r e r e p u t e d t o e x c r e t e a s u b s t a n c e t h a t 

makes t o x i c t h e s o i l o c c u p i e d by t h i s s p e c i e s , p a r t i c u l a r l y 
(4) 

f o r wheat, f o r a s h o r t p e r i o d v a t l e a s t . R. o l e o i d e s , 

M.common!s, C. s p i n o s a a r e c o n f i n e d t o C y r e n a i c a , and t h e 

l a t t e r i s p o i s o n o u s to l i v e s t o c k i n e a r l y s p r i n g . P. H a r m a l a 

i s a l w a y s found n e a r human h a b i t a t i o n o r where humans have 

d w e l t , and i t i s l i k e w i s e p o i s o n o u s to l i v e s t o c k . 

( 5 ) 

M a u g i n i v ' i n P a m p i n i ' s s t u d y on t h e f l o r a o f 

C y r e n a i c a , examined 42 s a m p l e s o f s p o n t a n e o u s and p e r e n n i a l 

f o r a g e p l a n t s i n c e r t a i n measured p l o t s i n E l - M a r j P l a i n , 

( t h e d e t a i l s a r e n o t a v a i l a b l e ) . He found t h a t Avena b a r b a t a 

( w i l d b e a r d e d o a t s ) ( o f G r a n i m a c e a l f a m i l y ) r e p r e s e n t s 

39-9$ o f t h e p l a n t s . Medicago d e n t i c u l a ( L e g u m i n o s e e f a m i l y ) 

i s 38$ and t h e Composte f a m i l y 18.5$. O t h e r s p e c i e s a r e 3-6$. 

The f i r s t and t h e se c o n d s p e c i e s a r e c o n s i d e r e d to be good a s 

a f o r a g e . 

At T a c n i s and s o u t h w a r d s t h e f o r e s t c e a s e s a b r u p t l y 

and t h e p e r e n n i a l . p l a n t s a r e A r t i m i s i a h e r b a - A l b a and Suaeda 

Fr.u- t i c o s a w h i c h s p r e a d i n t h e s e m - d e s e r t zone. The f i r s t 

o c c u r s i n a s s o c i a t i o n w i t h H a l o x y l o n a r t i c u l a t u s and T h y m e l a e a 

h i s s u t a , and f r e q u e n t l y h a s w h i t e wooly g a l l s ( t h o r n a ) c a u s e d 

by R. h o p a l o n i y c a n a v i s i T a v w h i c h a r e v e r y c h a r a c t e r i s t i c . 

A . h e r b a - A l b a grows on s h a l l s o i l s ( l o a m s ) o r c a l c a r e o u s 

s o i l s , b u t n o t on h i l l t o p s w i t h l e s s t h a n 200 mm. o f r a i n f a l l . 

I t i s u s e f u l a s an i n d i c a t o r f o r t h e r a n g e o f t r e e g r owth 

and a l s o o f good a g r i c u l t u r a l l a n d i f i r r i g a t e d . 
(6) S. f r u t i c o s a i n d i c a t e s a s a l i n e s u b - s t r a t u m ( p a r e n t r o c k ) . 
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However, t h e a r e a a t T a c n i s , p r o t e c t e d s i n c e 1951> 

shows p o o r r e g e n e r a t i o n o f t h e s p o n t a n e o u s and p e r e n n i a l 
(7) 

f o r a g e p l a n t s . I n 1956, L o n g v ' r e p o r t e d t h a t t h e p e r e n n i a l 

g r a s s e s c o v e r l i t t l e more t h a n 1-2$ o f t h e t o t a l a r e a . 

The h e r b a c e o u s v e g e t a t i o n r e m a i n s g r e e n u n t i l t h e 

f i r s t i n t e n s e h e a t i n s p r i n g o r summer, when t h e v e g e t a t i o n 

r a p i d l y d r i e s up and w i t h e r s . The g r a n i n a c e o u s v e g e t a t i o n 

i s more r e s i s t a n t and e s p e c i a l l y t h e Avena b a r b a t a s p e c i e s . 

The p a s t u r e i n E l - M a r j P l a i n w i t h e r s about 20 d a y s a f t e r t h a t 

o f t h e c o a s t a l p l a i n and about a s i m i l a r p e r i o d e a r l i e r t h a n 

t h a t o f t h e h i g h J e b e l a r o u n d C y r e n e . 

G r a z i n g and d i s t r i b u t i o n o f p a s t u r e w i l l be d e a l t 

w i t h i n t h e s e c t i o n on a g r i c u l t u r e . 

The f o r e s t h a s an i m p o r t a n t i m p a c t on t h e economic 

l i f e o f E l - M a r j P l a i n . I t i s a s u p p l y o f f i r e wood, 

c h a r c o a l , r o o f s f o r t h e h o u s e s and p o l e s f o r s u p p o r t f o r 

p l a n t s , f e n c i n g and some f r u i t , among w h i c h a r e t h o s e o f t h e 

w i l d o l i v e , l e n t i s k , c a r o b , and A . p a v a r i i . The f o r e s t c a n 

a l s o be u s e f u l i n d r o u g h t y e a r s , when good p a s t u r e i s s c a r c e 

f o r r e a r i n g a n i m a l s e s p e c i a l l y g o a t s , w h i c h c a n f i n d f o d d e r 

i n t h e f o r e s t ( c h i e f l y l e n t i s k ) d u r i n g t h e most a d v e r s e 

p e r i o d s . 

The c h a r c o a l i s p r o d u c e d f o r f u e l f o r t h e towns on 

t h e J e b e l and B e n g h a z i , w h i l e t h e wood t r e e s a r e u s e d 

d i r e c t l y a s a f u e l by t h e l o c a l r u r a l p e o p l e , p a r t i c u l a r l y 

t h o s e l i v i n g i n t h e f o r m e r E n t e f a r m s o r i n t e n t s . Due t o 



t h i s h i g h r a t e o f c o n s u m p t i o n o f t h e f o r e s t p r o d u c t s 

d e g r a d a t i o n i s imminent, a c i r c u m s t a n c e w h i c h h a s o b l i g e d 

t h e F o r e s t r y Department o f t h e M i n i s t r y o f A g r i c u l t u r e t o 

o r g a n i s e t h e p r o d u c t i o n o f wood and c h a r c o a l t h r o u g h p r i v a t e 

and l i c e n c e d f i r m s i n e a c h M u t a s a r r i f i a . The F o r e s t r y 

D epartment c h o o s e s e a c h y e a r a p a r t i c u l a r a r e a f o r c u t t i n g 

wood and p r o d u c t i o n o f c h a r c o a l . T h i s s t e p h a s b e e n t a k e n 

t o a v o i d t h e e x c e s s i v e c u t t i n g o f t h e f o r e s t . The f o l l o w i n g 

f i g u r e s g i v e t h e a p p r o x i m a t e q u a n t i t y o f wood and c h a r c o a l 

p r o d u c e d i n 1962-63:-

wood 70,589 q u i n t a l s 

c h a r c o a l 80,432 " 
p o l e s 1,124 u n i t s 

( S o u r c e : - Department o f A g r i c u l t u r e , B e n g h a z i ) . 

D e t a i l e d f i g u r e s a r e r a r e and u n r e l i a b l e : However, 

t h e y e a r l y t o t a l p r o d u c t i o n o f wood i n L i b y a i s o n l y 

1P00,000 mJ o f round wood, 25,000 mJ o f w h i c h i s u s e d f o r 

i n d u s t r i a l wood, and t h e r e s t i s u s e d f o r f i r e w o o d . A c c o r d i n g 

to datJt^ the per capita amount i s only O.78 m^ of f u e l wood 
p e r y e a r , c o n s e q u e n t l y i n 1962 L i b y a i m p o r t e d wood o f v a l u e 

£L.85O,000 a f i g u r e w h i c h i s s i x t i m e s t h a t o f 1954. The 

e x c e s s i v e c u t t i n g and s m u g g l i n g o f wood and c h a r c o a l i s 

c a r r i e d o u t t h r o u g h o u t t h e J e b e l Akhdar. G o a t s a r e a l s o t h e 

r e a l enemy o f t h e f o r e s t , and i t i s a. f a m i l i a r s c e n e on t h e 

J e b e l t o s e e a goa t c l i m b i n g a t r e e o r a s h r u b t r e e , i n 

s e a r c h o f f o d d e r . 
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O u t b r e a k s o f f i r e a r e common i n t h e f o r e s t , 
p a r t i c u l a r l y d u r i n g t h e p e r i o d o f t h e h o t d r y G h i b l i w i n d s , 
when p u b l i c i r r e s p o n s i b i l i t y o v e r c o o k i n g f i r e s c a n be 
d i s a s t r o u s . F o r example i n 1958, e l e v e n o u t b r e a k s t o o k p l a c e 
on t h e J e b e l and damaged about 2,245 h e c t a r e s o f t h e f o r e s t , 
i n 1962 o n l y s i x c a s e s were r e p o r t e d . 

However, due t o o i l d i s c o v e r y and t h e e s t a b l i s h m e n t 

o f an o i l r e f i n e r y to produce g a s and k e r o s i n e f o r l o c a l 

c o nsumption, and due t o t h e r i s e i n t h e s t a n d a r d o f l i v i n g , t h e 

demand f o r , and u s e o f wood and c h a r c o a l i s d e c l i n i n g , so 

t h a t t h e f o r e s t may y e t s e e a r e p r i e v e . 

R e a f f o r e s t a t i o n : -

The f o r e s t f o r c e n t u r i e s h a s b e e n o v e r - u t i l i s e d by 

B e d o u i n f o r g r a z i n g and r e c e n t l y t h e need f o r p r o t e c t i o n and 

c o n s e r v a t i o n h a s been f e l t . I n 1950-51j a l a w was p a s s e d 

f o r p l a n n i n g s u c h m e a s u r e s . I t f a i l e d , however, to p r o v i d e 

t h e f o r e s t s e r v i c e s w i t h t h e means t o implement t h e p r o p o s e d 

p o l i c y . I n 1952 more r e g u l a t i o n s were imposed by 

e s t a b l i s h i n g t h e F o r e s t r y D epartment w h i c h a p p o i n t e d g u a r d s 

f o r t h e f o r e s t and r o a d s and t r a n s p o r t a t i o n f a c i l i t i e s were 

made a v a i l a b l e . The Department d e c l a r e d many a r e a s to be 

p r e s e r v e d and n u r s e r i e s were e s t a b l i s h e d i n E l - M a r j , T a c n i s 

and E l - A b i a r to p r o d u c e s p e c i e s w h i c h s u i t t h e L i b y a n 

e n v i r o n m e n t . The l o c a l P . h a l a p e n s i s and t h a t i m p o r t e d from 

C y p r u s seem to a d a p t to t h e e n v i r o n m e n t and t h e r e s u l t was 

95% s u c c e s s . The f o l l o w i n g t a b l e 1 shows t h e r e a f f o r e s t a t i o n 
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i n M u t a s a r r i f i a o f E l - M a r j i n r e l a t i o n to C y r e n a i c a . 

TABLE 18 : - R e a f f o r e s t a t i o n .in M u t a s a r r i f i a .of. E l - M a r j 
w.ith .types o f s p e c i e s ( i n u n i t p e r t r e e 
p l a n t e d ) 

M utasa. No .of 
l o g s 

P . H a l e -
p e n s i s 

: 
C u p r e s s u s 
semper—. 
v i r e n s 

: 
i A c a c c i a 

Cyrclopyg 
P e t r a c l i n i s 
a r t . i c u l a t . a 

A r e a 
i n .ha. 

E l - M a r j 

Cyren-7 
a i c a 

20,000 
98,262 

13,000 
36,000 

500 
2,500 

5,000 
30,150 

2,000 
16 , 100 

31 
122 

The r e a f f o r e s t a t i o n i n E l - M a r j P l a i n i s t a k i n g p l a c e 

e s c p e c i a l l y i n t h e a r e a o f Z o r d a - Y u n g i ( s o u t h w e s t o f E l - M a r j ) 

B a c u r and s o u t h o f E l - M a r j P l a i n a t t h e f o o t o f t h e e s c a r p m e n t 

and on t h e s e c o n d e s c a r p m e n t . 

The a c t i v i t y o f t h e F o r e s t r y Department i n c l u d e s 

a l s o t h e i n t r o d u c t i o n o f b o t h i n d i g e n o u s and f o r e i g n s p e c i e s 

t o improve t h e p a s t u r e . The f o l l o w i n g s p e c i e s gave good 

r e s u l t s i n t h e n u r s e r y o f B u r g i a t a t E l - A b i a r : -

L o l i u m p e r e n n e 

Medicago s a t i v a 

M i l l o t u s a l b a 

Bromus I n e r m i s 

O r y z o p s i s m i l i a c e a 

P h a l a r i s t u b e r o s a 

As f o r t h e p r o b l e m o f t h e r e l a t i o n b e t w e e n 

v e g e t a t i o n and g r a z i n g , a. s t u d y o f t h e s e m i - f o r e s t o r f o r e s t 

a s s o c i a t i o n s a s t h e y o c c u r i n t h e J e b e l c a n i n d i c a t e t h e 

p o s s i b i l i t y o f a g e n e r a l s o l u t i o n i n t e r m s o f a f f o r e s t a t i o n 
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o f a g r i c u l t u r a l d e v e l o p m e n t . The M e d i t e r r a n e a n r e d s o i l s 
w h i c h were o r i g i n a l l y c o v e r e d by v a r i o u s a s s o c i a t i o n s 
b e l o n g i n g to t h e O l e o - C e r a t o n i o n a r e c e r t a i n l y s u i t a b l e f o r 
c u l t i v a t i o n . T h e y s h o u l d be u s e d f o r p a s t u r e s o r permanent 
g r a s s l a n d o n l y i f t h e y a r e too s h a l l o w f o r i n t e n s i v e s y s t e m s 
o f c r o p p r o d u c t i o n . 

R e s e e d i n g would be a l m o s t o b l i g a t o r y i n t h e f o r e s t 

and a g r i c u l t u r a l z o n e s o f E l - M a r j P l a i n , b e c a u s e o f t h e 

t e n d e n c y o f t h e v e g e t a t i o n to p r o g r e s s t o w a r d s t h e f o r e s t 

c l i m a x , o r t h e d i s a p p e a r a n c e o f s o u r c e s o f g r a s s and legume 

s e e d due l o n g c u l t i v a t i o n . 

To c o n c l u d e , t h e f l o r a o f E l - M a r j P l a i n and t h e 

a d j a c e n t a r e a s i s a p a r a d o x i c a l s e t t i n g i n N o r t h A f r i c a , more 

r e l a t e d to C r e t e and G r e e c e t h a n to t h e a d j a c e n t d e s e r t s o f 

M a r m a r i c a and T r i p o l i t a n i a . 

The f o r e s t i s u n d e r g o i n g s e v e r e d e v a s t a t i o n by 

e x c e s s i v e c u t t i n g and o v e r - g r a z i n g , y e t i t would seem to be 

e c o n o m i c a l l y t h e most e f f i c i e n t u s e r o f s o i l and p r e c i p i t a t i o n 

i n t h i s s e m i - a r i d zone, and c a n c o u n t e r a c t s o i l e r o s i o n , w h i c h 

i s a p a r t i c u l a r l y s e r i o u s p r o b l e m i n s e m i - a r i d c o u n t r i e s . 

L i b y a , a s one o f t h e s e c o u n t r i e s ought t o h a v e , n o t o n l y a 

p o l i c y o f p r e s e r v a t i o n f o r i t s e x i s t i n g f o r e s t a r e a s , b u t a l s o 

an i n t e n s i v e a f f o r e s t a t i o n programme f o r o t h e r s i m i l a r a r e a s , 

whose i n d i c a a t o r s have b e e n d i s c u s s e d above, n o t a t t h i s t i m e 

a c t u a l l y p o p u l a t e d by f o r e s t a s s o c i a t i o n s . The r e l a t i o n s h i p 
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between c o n t r o l l e d v e g e t a t i o n c o v e r , h y d r o l o g y and t h e 

u s e o f l i m i t e d ground w a t e r r e s o u r c e s h a s n o t y e t b e e n 

f u l l y a p p r e c i a t e d o r s t u d i e d . 
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CHAPTER V 
Water R e s o u r c e s 

I t i s c l e a r beyond a l l doubt t h a t w a t e r i s t h e 

most c r i t i c a l f a c t o r i n C y r e n a i c a n a g r i c u l t u r e , and t h a t t h e r e 

i s v i r t u a l l y no s u r f a c e w a t e r i n t h e c o u n t r y e x c e p t i n t h e 

w a d i s o f Derma and L a t h r u n , and t h e l a t t e r c a r r i e s i t s s m a l l 

q u a n t i t y o f w a t e r t o t h e s e a . 

I t i s e x c e e d i n g l y d i f f i c u l t t o c o n s e r v e s u r f a c e w a t e r 

f rom t h e r a i n f a l l b e c a u s e p r e c i p i t a t i o n i s i r r e g u l a r , t o some 

e x t e n t , t o r r e n t i a l , and t he s t r u c t u r e and p o r o s i t y o f t h e s o i l 

a r e u n f a v o u r a b l e . 

A number o f c o p i o u s s p r i n g s a r e c o n c e n t r a t e d i n t h e 

e a s t e r n J e b e l Akhdar, w i t h deep and good underground w a t e r 

on t h e J e b e l , w h i l e on t h e c o a s t a l p l a i n w a t e r i s found r a t h e r 

n e a r e r to t h e s u r f a c e t h a n on t h e J e b e l though t h e w a t e r i s 

i n p l a c e s m o d e r a t e l y to h i g h l y m i n e r a l i s e d . 

The d i s c u s s i o n i n t h e p r e s e n t c h a p t e r w i l l d e a l w i t h 

t h e n a t u r e o f r o c k s and t h e i r r e l a t i o n s h i p s t o t h e f o r m i n g 

o f u n d e r g r o u n d w a t e r r e s o u r c e s , c i s t e r n s o r w a t e r t a b l e i n 

E l - M a r j P l a i n , w e l l s , s p r i n g s , t h e abandoned I t a l i a n p i p e l i n e , 

and t h e c u r r e n t scheme o f t h e D e b u s s i a ~ E l — M a r j w a t e r s u p p l y . 

N a t u r e o f R o c k s a s S o u r c e s o f Water;— 

I t i s i n c o r r e c t to r e g a r d t h e whole o f t h e 

p r e c i p i t a t i o n w h i c h f a l l s i n a g i v e n a r e a a s f o r m i n g t h e 

un d e r g r o u n d w a t e r r e s o u r c e . The r a i n f a l l c a n be s p l i t i n t o 

t h r e e p a r t s : - e v a p o r a t i o n , r u n - o f f and i n f i l t r a t i o n f r a c t i o n 
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w h i c h i s a b s o r b e d by t h e ground and i n s i n k h o l e s . On t h e 
J e b e l no s t a t i s t i c s a r e a v a i l a b l e on t h i s , s i n c e t h e r e a r e 
no permanent w a t e r c o u r s e s and due t o t h e k a r s t i c n a t u r e 
o f t h e a r e a . 

The knowledge o f t h e p h y s i c a l c h a r a c t e r o f t h e r o c k s 

w i t h r e g a r d to t h e p o s s i b i l i t y ( o r i m p o s s i b i l i t y ) o f a l l o w i n g 

i n f i l t r a t i o n o f m e t e o r i c w a t e r s and t h e i r d e s c e n t to d e p t h i s 

f u n d a m e n t a l to t h e s t u d y o f t h e i n i t i a l p r o c e s s r e l a t i n g to t h e 

f o r m a t i o n o f u n d e r g r o u n d w a t e r . F o r E l - M a r j P l a i n r o c k s we 

have no d a t a o f v a l u e . However, t h e impermeable r o c k s a r e 

r e p r e s e n t e d by c l a y and m a r l s t o w h i c h may be added some v e r y 

m a r l y l i m e s t o n e s w h i c h a r e i n p r a c t i c e o n l y v e r y s l i g h t l y 

p e r m e a b l e . T h e s e t y p e s o f r o c k s a r e n o t abundaint on t h e J e b e l 

a s a w h o l e , b u t a few h o r i z o n s o f them e x i s t , s u f f i c i e n t to 

g i v e r i s e t o t h e a q u i f e r o u s w a t e r t a b l e i n t h e e a s t e r n J e b e l . 

The Q u a t e r n a r y , a l t h o u g h m a i n l y c o n s t i t u t e d o f 

s u b a e r i a l d e p o s i t s , n e v e r t h e l e s s o f f e r s a few a r g i l l a c e o u s 

l i t h o l o g i c a l t y p e s w h i c h a r e o n l y s l i g h t l y p e r m e a b l e ^ ^ . I n 

t h e l a r g e d e p o s i t s o f T e r r a R o s s a o f E l - M a r j and S i d i Mahius 

w h i c h a r e a t d e p t h , a r e some s t r a t a r i c h e r i n c o l l o i d s w h i c h 

f o r m a r e t a i n i n g h o r i z o n f o r l o c a l w a t e r t a b l e s . 

The Mbcene p r o v e s t o be r i c h e r i n impermeable &ocks; 

and i n i t a t t h e t o p t h e r e i s c a l c a r e o u s c l a y i n t h e zone o f Got 

E s - S u l t a n and i n E l - A b i a r . 

The Oligocene., p a r t i c u l a r l y t h e l o w e r p a r t i s 

composed o f a l m o s t impermeable r o c k s w h i c h o u t c r o p o n l y 
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t o a l i m i t e d e x t e n t i n d e f i n i t e a r g i l l a c e o u s f a c i e s . 

The E o c e n e w h i c h c o v e r s most o f E l - M a r j P l a i n i s 

c o m p l e t e l y d e v o i d o f c l a y s and m a r l , a t t h e same time b e i n g 

v e r y c a l c a r e o u s . Among t h e r o c k s l e s s i m p e r m e a b l e , b u t w h i c h 

may be c o n s i d e r e d a s s u c h when i n s u f f i c i e n t t h i c k n e s s and 

i n c e r t a i n d e p o s i t i o n a l c o n d i t i o n s , a r e some v e r y m a r l y 

v a r i e t i e s o f c o a r s e l i m e s t o n e , s u c h a s t h e y e l l o w - b r o w n 

l i m e s t o n e s o f t h e b a s e o f t he L a n g h i a n and t h e A q u i t a n i a n , 

where t h e y a r e a s s o c i a t e d w i t h t h e more d e f i n i t e l y i mpermeabl 

t y p e s . 

P e r m e a b l e r o c k s ( p r o p e r l y so c a l l e d i . e . o f c l a s t i c 

t y p e ) , a r e n o t common i n t h e J e b e l , and a r e m a i n l y found i n 

th e o n l y s l i g h t l y cemented Q u a t e r n a r y d e p o s i t s . Among t h e s e 

a r e t h e v e r y p e r m e a b l e d e p o s i t s o f E l - M a r j (deep^ Got E s -

S u l t a n ( s u r f a c e ) and r i v e r g r a v e l s making up t h e f a n s ( d e l t a s 

o f t h e l i t t o r a l w a d i s . 

S u r f a c e W a t e r s : -

T h i s d i s c h a r g e o f w a t e r i n t h e w a d i s o c c u r s 

a b r u p t l y and v i o l e n t l y a f t e r t o r r e n t i a l r a i n f a l l , and 

sometimes o n l y l a s t s a day o r two. The w a t e r o f t h e l a r g e 

w a d i s n o r t h o f w a t e r s h e d e m p t i e s i n t h e s e a , w h i l e t h e o t h e r 

e m p t i e s i n t o s t a g n a n t p o o l s . 

However, t h e a b s e n c e o f permanent s t r e a m s i s due 

to t h e f a c t t h a t r a i n f a l l i s s c a r c e on t h e whole, and due t o 

the n a t u r e o f t h e r o c k s . As h a s a l r e a d y b e en p o i n t e d out i n 
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t h e c h a p t e r on r e l i e f t h e r o c k s a r e m o s t l y o f low d e n s i t y 

l i m e s t o n e s , i n w h i c h numerous j o i n t s and f i s s u r e s a l l o w t h e 

r a i n t h a t f a l l s on t h e s u r f a c e to d i s a p p e a r r a p i d l y u n d e r g r o u n d 

The b u l k of t h e r a i n t h a t f a l l s i s u s e d by g r o w i n g 

p l a n t s , e v a p o r a t e s o r r u n s o f f on t h e s u r f a c e . I n some p l a c e s , 

however, where b a r e l i m e s t o n e i s e xposed, w a t e r from r a i n s i n k s 

i n d i r e c t l y o r sometimes r u n n i n g on t h e s u r f a c e f o r a few t e n s 

o f m e t r e s o r l e s s . T h i s i s e s p e c i a l l y t r u e i n t h e c o a s t a l 

p l a i n where f i s s u r e s , e n l a r g e d by s o l u t i o n , i n t e r c e p t t h e 

r u n . - o f f . On t h e J e b e l r u n - o f f i s r e s t r i c t e d t o t h e w a d i s , i n 

w h i c h i n f i l t r a t i o n i s r a p i d t o c o a r s e m a t e r i a l s . 

A l o n g t h e b a s e o f the f i r s t e s c a r p m e n t t h e r u n - o f f 

f rom t h e w a d i s s p r e a d s out and s i n k s i n t o p e r v i o u s l i m e s t o n e s . 

When r u n - o f f does o c c u r , r e c h a r g e a l s o t a k e s p l a c e i n t h e 

w a d i s t h a t d r a i n s o u t h and s o u t h e a s t from t h e J e b e l t o w a r d s t h 

i n t e r i o r d e s e r t . 

E l - G h a r i q ; -

I t h a s b e e n mentioned b e f o r e t h a t E l - M a r j P l a i n i s 

t h e l o n g e s t c l o s e d k a r s t i c b a s i n i n n o r t h e r n C y r e n a i c a . The 

m a i n w a d i s d e s c e n d i n g i n t o t h e b a s i n from t h e s o u t h a r e Wadi 

S e i l E l - G o d and Wadi E l - G a t t a r a . The r u n - o f f w a t e r s o f t h e s e 

w a d i s , r a i n f a l l and w a t e r s o f t h e wide c o n t a i n e d b a s i n , form 

t h e p r e v i o u s l y m e n tioned e p h e m e r a l l a k e known a s E l - G h a r i q 

w h i c h i s o n l y one k i l o m e t r e .iN.E-.'. o f E l - M a r j town and forms 

i n t h e l a r g e d e p r e s s i o n w h i c h i s some 12 kms. wide and U2> kms. 

l o n g . Most o f t h e w a t e r t h a t a c c u m u l a t e s i n t h e l a k e , a p a r t 
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from t h a t w h i c h e v a p o r a t e s and forms a s u p e r f i c i a l w a t e r 
t a b l e i n t h e T e r r a R o s s a d e p o s i t s , ends up by p e r c o l a t i n g 
t o d e p t h , where h e l d up by h o r i z o n s h a v i n g s u f f i c i e n t 
i m p e r m e a b i l i t y , g i v e s r i s e t o p a r t i c u l a r l y r i c h and c o n s t a n t 
w a t e r - t a b l e s . 

The l a k e f i l l s w i t h w a t e r commonly i n J a n u a r y 

a f t e r t h e r a i n y s e a s o n s t a r t s , b u t i s g e n e r a l l y d r y by J u n e . 

The a r e a o f t h e l a k e i s v a r i a b l e from y e a r to y e a r a c c o r d i n g 

to t h e amount o f t h e r a i n f a l l . I t i s u s u a l l y s i x k i l o m e t r e s 
(2 ) 

l o n g and 3 k i l o m e t r e s w i d e . M u h l h o f e r v ' r e c o r d s t h a t i n t h e 

r a i n y y e a r o f 1924-25 i t o c c u p i e d an a r e a about 24 k i l o m e t r e s 

by 3 k i l o m e t r e s . I n 1961 when t h e r a i n f a l l was h i g h 

( s e e c h a p t e r on c l i m a t e ) t h e a r e a o f t h e l a k e was 8 

k i l o m e t r e s l o n g and 5 k i l o m e t r e s wide and t h e w a t e r 

s t a g n a t e d u n t i l A u g u s t . 

I t i s e s t i m a t e d t h a t about 5 » 0 0 0 h e c t a r e s a r e 

f l o o d e d a t a d e p t h o f 5 t o 8 m e t r e s t h e maximum s t a g e . The 

d e p t h o f t h e w a t e r i s u s u a l l y 2 m e t r e s and t h e low p o i n t 

o f t h e l a k e i s 276 m. above s e a - l e v e l , w h i l e t t h e r i m i s 

a p p r o x i m a t e l y marked by t h e 300 m e t r e c o n t o u r ( V i d e F i g . 4 ) . 

I n t h e a r e a o f t h e d e p r e s s i o n o f t h e 300 metre 

c o n t o u r t h e s u p e r f i c i a l w a t e r - t a b l e i s s i x t o e i g h t m e t r e s 

deep, w h i l e t h e deep w a t e r t a b l e below t h e l a k e bottom i s 

about 100 m. 

A f t e r t h e l a k e d r i e s up, t h e whole a r e a becomes 

i n v a d e d by low v e g e t a t i o n and v a r i o u s h e r b a c e o u s p l a n t s ; t h e 
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s o i l t h e r e r e m a i n s v e r y humid and i s u s e d by t h e l o c a l p e o p l e 

f o r g r o w i n g v e g e t a b l e s a s w i l l be d i s c u s s e d l a t e r i n t h e 

c h a p t e r on a g r i c u l t u r e . The q u e s t i o n o f s a l i n i t y i s 

examined i n C h a p t e r 6. 

S u r f a c e W a t e r s Management;-

• The w a d i s d e s c e n d i n g t o t h e c o a s t a l p l a i n f rom t h e 

f i r s t e s c a r p m e n t i . e . w a d i s E l - A s r a , E s - S l e d b and E l - G a t t a r a 

( s o u t h o f E l - A b i a r ) and a l l o f them a l m o s t e v e r y y e a r d u r i n g 

t h e r a i n y s e a s o n f l o o d t h e a r e a s where t h e y empty t h e i r 

w a t e r , a t t he minimum t h r e e t i m e s p e r y e a r and a t t h e 

maximum t e n t i m e s . The a t t e m p t s t o dam up t h e s e w a d i s have 

p r o d u c e d a n e g a t i v e r e s p o n s e b e c a u s e o f t h e n a t u r e o f t h e 

r o c k s w h i c h a r e p i e r c e d t h r o u g h w i t h many c a v e r n s . 
( 3 ) 

P r o f e s s o r P a n t a n e l l i x c a l l s a t t e n t i o n to t h i s f a c t ; 

however, he does n o t e x c l u d e t h e p o s s i b i l i t y o f damming up 

some t o r r e n t i a l w a t e r w a y s o f t h e f i r s t e s c a r p m e n t n e a r t h e i r 

s o u r c e s on t he u p p e r t e r r a c e , w i t h o u t i n c u r r i n g t h e d a n g e r o f 
i 

s u b m e r g i n g a l r e a d y c u l t i v a t e d f i e l d s - t h i s i n t h e hope t h a t 

some o f t h e s e w a t e r s c a n be d i v e r t e d f o r i r r i g a t i o n p u r p o s e s 

to t h e n o r t h e r n f l a n k s o f t h e J e b e l A khdar. 

As f a r a s t h e w a d i s d e s c e n d i n g t h e c o a s t a l p l a i n 

b e tween T u l m e i t h a and T o c r a a r e c o n c e r n e d , t h e r e i s no s i g n 

t h a t e i t h e r t h e G r e e k o r t h e Romans a t t e m p t e d t o u t i l i s e t h e 

w a t e r from, them u n l e s s t h i s was a c h i e v e d by a s i m p l e method 

o f w h i c h no e v i d e n c e r e m a i n s t o d a y . The i m p r a c t i c a b i l i t y o f 
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c o n s t r u c t i n g r e s e r v o i r s b e c a u s e o f t h e extreme p e r m e a b i l i t y 

o f t h e beds o f t h e w a t e r c o u r s e s , i s now r e c o g n i s e d . 

As f a r a s t h e s u r f a c e w a t e r management i s c o n c e r n e d 

t h e I t a l i a n s p l a n n e d t o make u s e o f t h e s t a g n a t i n g w a t e r i n 

E l - G h a r i q . I t was s u g g e s t e d t h a t t h e w a t e r c o u l d be g a t h e r e d 

i n l a r g e c o n c r e t e t a n k s w h i c h would c o v e r t h e s u r f a c e o f a 

few hundred h e c t a r e s and would l e a v e f r e e f o r c u l t i v a t i o n 

t h e a r e a w h i c h o t h e r w i s e becomes a bog. T h i s w a t e r c o u l d t h e n 

be u s e d f o r i r r i g a t i o n d u r i n g t h e summer months. However, 

due t o t h e h i g h c o s t and some d o u b t s about t h e heavy-

e v a p o r a t i o n f a c t o r w h i c h would o c c u r i n t h e l a r g e t a n k s , t h e 

scheme was abandoned. . On t h e o t h e r hand i t i s p r o b a b l e 

t h a t i f E l ~ M a r j P l a i n were c u l t i v a t e d a s w e l l a s t h e 

n e i g h b o u r i n g a r e a , t h e r e would be f a r ].ess w a t e r f l o w i n g 

t o w a r d s E l - G h a r i q and t h e n p e r h a p s i t would be p o s s i b l e t o 

pump the w a t e r from E l - G h a r i q and d i v e r t i t t o t h e f a r m s 

n e a r b y and t o u s e t h e a r e a u s u a l l y f l o o d e d f o r a g r i c u l t u r e . 

C i s t e r n s ; -

Man*s r e a c t i o n t o t h e c r u c i a l need f o r w a t e r was 

to b u i l d c i s t e r n s i n t h e J e b e l and w e l l s i n t h e c o a s t a l p l a i n , 

and many o f t h e s e c i s t e r n s were b u i l t f rom G r e e k and Roman 

t i m e s onwards. The s u r v e y c o n d u c t e d by t h e I t a l i a n 

S e r v i c e s v ' i n 1926 c o v e r e d o v e r 2 ,300 c i s t e r n s i n C y r e n a i c a 

o f w h i c h k6l were i n E l - M a r j P l a i n , t h e s u r r o u n d i n g a r e a s 

o f t h e seco n d e s c a r p m e n t and t h e c o a s t a l p l a i n . I n E l - M a r j 
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P l a i n i t s e l f t h e r e were 125 c i s t e r n s , w h i c h a r e l o c a t e d o u t -

s i d e t h e 300 m c o n t o u r r i m where t h e u n d e r g r o u n d w a t e r - i s 

deep and no p e r e n n i a l s p r i n g s e x i s t ( V i d e F i g . 2 7 ) . . 

A l a r g e number o f -the c i s t e r n s a r e found on t h e 

s e c o n d e s c a r p m e n t p a r t i c u l a r l y s o u t h o f Tacnis'.j w h i l e on t h e 

c o a s t a l p l a i n t h e a q u i f e r i s n e a r t o t he s u r f a c e and so t h e 

c i s t e r n s a r e r a t h e r * few. The ground, w h i c h i s p i e r c e d 

t h r o u g h o u t w i t h n a t u r a l c a v e r n s , l e n t i t s e l f t o t h e 

c o n s t r u c t i o n o f s m a l l s i z e c i s t e r n s w i t h o u t too much l a b o u r . 

W a t e r s o u r c e s s p a c e d a t g r e a t d i s t a n c e s from one a n o t h e r and 

the s c a r c i t y o f w e l l s , made t h e c o n s t r u c t i o n o f many c i s t e r n s 

e s s e n t i a l , and w h i l s t some o f t h e c i s t e r n s had a c a p a c i t y 

o f s e v e r a l t h o u s a n d c u b i c m e t r e s , most a r e r a t h e r s m a l l . The 

most i m p o r t a n t c i s t e r n i n w e s t e r n J e b e l i s t h a t s u p p l y i n g t h e 

Roman A q u e d u c t i n T u l m e i t h a . 

The a n c i e n t s m a l l c i s t e r n s a r e u s u a l l y 4x3 m e t r e s 

i n p l a n and 5 m e t r e s deep, most o f w h i c h a r e p u b l i c . On t h e 

f o r m e r E n t e f a r m s e a c h house h a s a c i s t e r n w h i c h c o l l e c t s t h e r 
r u n - o f f from t h e r o o f . T h e s e new c i s t e r n s a r e about 1 0 x 8 

m e t r e s wide and 8 m e t r e s deep. Most o f t h e s e c i s t e r n s a r e i n 

good c o n d i t i o n s i n c e i n most p l a c e s i n E l - M a r j P l a i n i t 

f u r n i s h e s t h e needs o f humans and l i v e s t o c k . Some p e o p l e who 

own more t h a n one c i s t e r n may s e l l t h e w a t e r f o r t h e p e r i o d 

b e tween May-October at.s.a c o s t o f about £L12 f o r t h e whole 

c a p a c i t y o f t h e c i s t e r n d u r i n g t h e whole p e r i o d when t h e r e i s 
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no r a i n f a l l . 

The f o r m e r I t a l i a n En!t'e! f o r c o l o n i s a t i o n o f L i b y a 

r e p a i r e d t h o u s a n d s o f c i s t e r n s , 52 o f w h i c h i n t h e v i c i n i t y 

o f T a c n i s h a v e a combined c a p a c i t y o f 6 ,050 cum. The 

B r i t i s h M i l i t a r y A d m i n i s t r a t i o n r e p a i r e d some o f t h o s e 

d e s t r o y e d d u r i n g t h e s e c o n d W orld War, w h i l s t U . S . A i d 

M i s s i o n w i t h t h e c o o p e r a t i o n o f t h e L i b y a n Government 

e s t a b l i s h e d and r e p a i r e d many c i s t e r n s on t h e J e b e l . 

E x p a n s i o n by t h e e s t a b l i s h m e n t o f more c i s t e r n s 

w i l l be e s s e n t i a l i n t h e v e r y n e a r f u t u r e , p a r t i c u l a r l y 

i n t h e w e s t e r n p a r t o f t h e E l — M a r j P l a i n , a n a r e a w h i c h w i l l 

n o t b e n e f i t f o r a t l e a s t 6 y e a r s from t h e D e b u s s i a - E l - M a r j 

scheme, and a l s o b e c a u s e o f i n c r e a s e d a g r i c u l t u r a l d evelopment 

and t h e growth i n t h e number o f l i v e s t o c k w h i c h make t h e 

e x p a n s i o n n e c e s s a r y e v e n a f t e r t h e p r o v i s i o n o f enough w a t e r 

f o r p r e s e n t n e e d s o f humans and l i v e s t o c k . 

Undergrb'und Wat e r ; — 

The u n d e r g r o u n d w a t e r r e s e r v o i r u n d e r l y i n g 

E l - M a r j P l a i n i s r e c h a r g e d by d i r e c t i n f i l t r a t i o n from 

p r e c i p i t a t i o n and a l s o by i n f i l t r a t i o n from s u r f a c e w a t e r 

r u n - o f f i n w a d i s and from ponded w a t e r i n e p h e m e r a l l a k e s . 

S u c h r e c h a r g e p r o b a b l y o c c u r s o n l y d u r i n g o r s i f t e r 

r e l a t i v e l y i n t e n s e r a i n s t o r m s . R e c h a r g e from d i s p e r s e d 
( 5 ) 

o r l i g h t r a i n i s p r o b a b l y n e g l i g i b l e . 
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¥ells:-

E l - M a r j P l a i n r e c e i v e s a n a v e r a g e r a i n f a l l o f above 

300 mm., and t h e w a t e r o f t h e r u n - o f f c o l l e c t e d i n t h e 

t e m p o r a r y l a k e o f E l - G h a r i q . The s u r f a c e w a t e r s , p a r t o f 

w h i c h form a s u p e r f i c i a l w a t e r - t a b l e i n t h e T e r r a R o s s a 

d e p o s i t s , ends up by s i n k i n g to d e p t h , where, h e l d up by 

h o r i z o n s h a v i n g s u f f i c i e n t i m p e r m e a . b i l i t y , t h e y may 

g i v e r i s e to p a r t i c u l a r l y r i c h and c o n s t a n t w a t e r - t a b l e s . 

I n E l - M a r j P l a . i n t h e r e a r e more t h a n 100 s h a l l o w 

w e l l s s i x t o s e v e n m e t r e s deep ( V i d e F i g . 2 7 ) . T h e s e d r y 

up i n summer and a r e c l e a n e d e v e r y y e a r a f t e r t h e r a i n s . 

T h e r e a r e a l s o n i n e deep w e l l s a r o u n d and i n E l - M a r j town 

i n w h i c h t h e w a t e r l e v e l v a r i e s c o n s i d e r a b l y . The w a t e r 

a l s o s t a n d s a t d i f f e r e n t l e v e l s i n t h e f o u r w e l l s i n t h e 

a g r i c u l t u r a l s t a t i o n ( e a s t o f t h e town) w h i c h i s due 

p a r t l y to t h e d i f f e r e n t amount o f w a t e r t a k e n from e a c h w e l l ; 

t h e w e l l w i t h t h e l a r g e s t o u t p u t h a v i n g t h e l a r g e s t c o r e 

o f d e p r e s s i o n o f w a t e r s u r f a c e a r o u n d i t and t h e r e f o r e t h e 

g r e a t e s t l o w e r i n g o f t h e w a t e r l e v e l . The d e p t h o f t h e 

deep w e l l s v a r i e s b etween 15 and 55 m, from t h e ground to 

th e w a t e r , and t h e w a t e r v a r i e s b etween 6 to 18 m. i n d e p t h . 

I n t h e deep w e l l (55 m.) t h e l e v e l o f t h e w a t e r u s u a l l y 

f a l l s about 3 m e t r e s i n t h e summer ( b e t w e e n J u l y and 

S e p t e m b e r ) . 

The w e l l s i n E l - M a r j a p p e a r to t a p two w a t e r 
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h o r i z o n s , an u p p e r one a t about 14 m. and a l o w e r a t about 

44 m. The town o f E l - M a r j a t p r e s e n t i s s u p p l i e d by f i v e 

w e l l s ( V i d e F i g . 2 8 ) . The q u a l i t y o f w a t e r i s good and t h e 

mon t h l y c a p a c i b y i s a s f o l l o w s : -

W e l l N o . l 755,000 g a l l o n s p e r month 

" No.2 1 ,000 ,000 " " " 

" No. if 600,000 " " " 

" No.5 543,000 " " " 

" No.6 217,000 " " " 
( S o u r c e : - M i n i s t r y o f P u b l i c Works - B e n g h a z i ) . 

The w a t e r from t h e w e l l s i s c o l l e c t e d i n t h e w a t e r 

t o w e r w h i c h h a s a c a p a c i t y o f 80 , 0 0 0 g a l l o n s , f o r 

d i s t r i b u t i o n t o t h e town. E l - M a r j i s t h e o n l y c e n t r e i n t h e 

p l a i n w i t h s u c h a m u n i c i p a l d i s t r i b u t i o n s y s t e m . I n a d d i t i o n 

r o a d t a n k e r s c a r r y t h e w a t e r from t h e town t o remote 

i n h a b i t e d c e n t r e s and f a r m h o u s e s w h i c h a r e s h o r t o f w a t e r . 

The d a i l y c o n s u m p t i o n o f t h e town i 3 240 , 0 0 0 g a l l o n s , 

so t h a t t h e c a p a c i t y o f t h e p r o d u c i n g w e l l s i s e n t i r e l y 

i n a d e q u a t e e v e n f o r t h e town's n e e d s d u r i n g t h e summer. 

However, a s f a r a s E l - M a r j P l a i n i s c o n c e r n e d t h e 

h i g h e s t w a t e r l e v e l o c c u r s about h a l f w a y b e t w e e n E l - M a r j 

and S i d i Mahius where, a l o n g a l i n e r u n n i n g n o r t h - w e s t from 

t h e f o o t o f t h e se c o n d e s c a r p m e n t , t h e l e v e l o f t h e s u r f a c e 

u n d e r g r o u n d w a t e r i s more t h a n 305 m. above s e a - l e v e l . From 

t h e r e i t s l o p e s , away t o t h e n o r t h e a s t (270 m. a t E l - M a r j ) 
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and to t h e s o u t h w e s t (290 m a t S i d i Mahius and 256 m. 
(7) (8) a t E l - A b i a r ) . ^ ' M a r c h e t t i ^ ' g i v e s a. g e o l o g i c a l s e c t i o n 

a l o n g t h e l i n e T o c r a - J a r d a s E l - A b i d ( w h i c h c o i n c i d e s w i t h 

t h e l i n e h a l f way b e t w e e n E l - M a r j and S i d i Mahius, where 

t h e u n d e r g r o u n d w a t e r i s h i g h e s t ) and shows t h a t t h e E o c e n e 

beds b e n e a t h t h e P l a i n a r e f o l d e d so a s to form a d e p r e s s i o n 

n e a r t h e f o o t o f t h e s e c o n d e s c a r p m e n t a l o n g w h i c h t h e 

u n d e r g r o u n d w a t e r f l o w s away to t h e n o r t h e a s t and s o u t h 

w e s t ( V i d e F i g . 13)- New t e s t w e l l s have b e e n d r i l l e d by 

U.S.O.M.^ ( S e e A p p e n d i x I I ) . 

The E o c e n e H o r i z o n : -

T h i s h o r i z o n y i e l d s a s m a l l group o f s p r i n g s e a s t 

o f T u l m e i t h a . ( V i d e F i g . 27). T h e s e s p r i n g s a r e A i n B r u r 

(27O m. above s e a - l e v e l ) , 13 kms. e a s t o f T u l m e i t h a , A i n 

E l - M e l e c a (100 m.) 18 kms. e a s t , and A i n Habbun (70 m.) 

21 kms. e a s t o f T u l m e i t h a . The l e v e l o f t h e h o r i z o n 

o c c u r r i n g i n t h i s l o c a l i t y d e c r e a s e s from s o u t h w e s t t o w a r d s 

n o r t h e a s t , and forms a s m a l l s p r i n g - b e a r i n g h o r i z o n 

r e s t r i c t e d to t h i s d i s t r i c t . 

The d i s c h a r g e a t A i n B r u r i s g i v e n a s " s m a l l " , t h a t 

o f A i n E l - M e l e c a i n Wadi G e l u g h a s "abundant", and t h a t o f 

A i n Habbun i n ©adi Habbun a s 17, 600 g a l l o n s p e r d a y , ^ 1 1 ^ t h e 

w a t e r from t h e l a s t s p r i n g s t a g n a t i n g i n t h e bed o f t h e w a d i . 

T h i s s p r i n g p r o b a b l y f e d t h e Roman a._queduct to T u l m e i t h a , 

r e m a i n s o f w h i c h c a n s t i l l be s e e n . 
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C r e t a c e o u s H o r i z o n ; -

I t h a s a l r e a d y b e e n p o i n t e d out i n t h e c h a p t e r on 

g e o l o g y t h a t t h e a r e a b etween T o c r a - T u l m e i t h a and J a r d a s 

E l - A b i d i s a f f e c t e d by t e c t o n i c d i s t u r b a n c e s ("Vide F i g . 1 2 ) . 

The C r e t a c e o u s r o c k s b etween T o c r a and T u l m e i t h a a r e a f f e c t e d 

by an a n t i c l i n a l f o l d , i n w h i c h t h e l i m b t o w a r d s t h e s e a d i p s 

d e c i d e d l y w i t h c o n s i d e r a b l e a n g l e s w h i l s t t h e i n l a n d l i m b 

d i p s g e n t l y so t h a t t h e t e c t o n i c f e a t u r e s a p p r o x i m a t e s t o a 
(12) 

f l e x u r e . However, t h e C r e t a c e o u s r o c k s , b o t h i n t h e 

c o a s t a l and on t h e J e b e l i n J a r d a s E l - A b i d ( V i d e F i g . l l ) a r e 

t o a c o n s i d e r a b l e e x t e n t made up o f m a r l y r o c k t y p e s and a s 

s u c h a r e o n l y s l i g h t l y p e r m e a b l e . I n t h i s r e s p e c t i t may be 

n o t e d too t h a t t r u e m a r l s a r e found p a r t i c u l a r l y f r e q u e n t l y 

i n t h e two C r e t a c e o u s i n l i e r s o f t h e J e b e l ( J a r d a s E l - A b i d 

and E l - M a g a h i r ) where t h e y a l t e r n a t e w i t h t y p e s o f d i f f e r e n t 

h y d r o l o g i c a l b e h a v i o u r , s u c h a s compact l i m e s t o n e s . 

The C r e t a c e o u s w a t e r - t a b l e o c c u r s i n t h e c o a s t a l 

p l a i n b etween T u l m e i t h a and T o c r a , and i n l a n d i n J a r d a s E l - A b i d 

Around T o c r a t h e r e a r e o v e r f o r t y s h a l l o w w e l l s o f 

more o r l e s s s a l i n e w a t e r , from t h r e e t o f i v e m e t r e s deep 

w i t h h a l f t o one metre o f w a t e r . The t o t a l y i e l d i s about 

28,400 g a l l o n s p e r day, b u t t h e b e s t o f them g i v e s o n l y 

6600 g a l l o n s p e r day. The w e l l s o u t h o f t h e v i l l a g e d r i l l e d 

i n 1960 i s 37 m. deep w i t h a w a t e r o f 19 m. and a w i n d m i l l 

and a pump a r e i n s t a l l e d . 
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Most o f t h e w e l l s i n T o c r a a r e a a r e p r i v a t e and t h o s e 

o u t s i d e t h e v i l l a g e a r e u s e d u s u a l l y t o i r r i g a t e t h e g a r d e n s . 

T h e r e i s no m u n i c i p a l d i s t r i b u t i o n o f w a t e r . The w e l l s o u t h 

o f t h e v i l l a g e i s u s e d a t p r e s e n t f o r l i v e s t o c k n e e d s f o r 

w h i c h a f e e i s p a y a b l e , w h i l s t t h e i n h a b i t a n t s buy t he w a t e r 

f o r t h e i r own c o n s u m p t i o n a t about two p i a s t r e s p e r l i t r e . 

N e ar T u l m e i t h a t h e r e a r e about 20 s h a l l o w w e l l s 

i n w h i c h t h e w a t e r i s s a l i n e b u t d r i n k a b l e by t h e l o c a l 

i n h a b i t a n t s , t h e a v e r a g e d e p t h o f w h i c h i s f o u r m e t r e s , two to 

t h e s u r f a c e o f t h e w a t e r w i t h two m e t r e s o f w a t e r . One w e l l 

3 Kms. w e s t o f t h e v i l l a g e a t S i d i A b d a l l a i s 18 m. deep w i t h 

9 m e t r e s o f d r i n k a b l e w a t e r . The w a t e r i s d r i v e n by a 

w i n d m i l l and a pump, and c o l l e c t s t h e w a t e r i n t o a w a t e r t o w e r 

f o r d i s t r i b u t i o n t o t h e i n h a b i t a n t s o f t h e v i l l a g e . 

The w e l l s i n t h e a r e a between T u l m e i t h a and T o c r a 

a r e p r i v a t e l y owned and a r e u s e d f o r i r r i g a t i o n i n t h e g a r d e n s . 

I n J a r d a s E l - A b i d a w e l l s e v e n m e t r e s deep y i e l d s 

about 4000 g a l l o n s p e r day and i s u s e d f o r human c o n s u m p t i o n 

i n t h e v i l l a g e . 

T h e s e a r e t h e main i n h a b i t e d v i l l a g e s w h i c h have 

w e l l - w a t e r , a l s o o t h e r s u s i n g t h e c i s t e r n s w h i c h c o l l e c t 

r a i n w a t e r . 

However, t h e s h o r t a g e o f w a t e r i n t h e w e s t e r n p a r t 

o f t h e J e b e l A k h dar f o r c e d man, s i n c e e a r l y G r e e k and Roman 

c o l o n i s a t i o n , to t a k e a d v a n t a g e o f e v e r y s o u r c e a v a i l a b l e , so 

c i s t e r n s and a aqueducts were b u i l t on t h e J e b e l . The 



-146-

development i n t h e J e b e l and the g r o w t h o f p o p u l a t i o n and 

improvement i n l i v i n g s t a n d a r d s make t h e u t i l i z a t i o n o f some o f 

the c o p i o u s s p r i n g s o f t h e e a s t e r n J e b e l i n e v i t a b l e . The 

I t a l i a n s worked on a scheme f o r t a p p i n g A i n Ma.ra s p r i n g s f o r 

d i s t r i b u t i o n o f w a t e r i n a l l o f t h e whole v i l l a g e s a l o n g t h e 

n o r t h r o a d o f t h e J e b e l , but t h e b r e a k o u t o f t h e s e c o n d War 

b r o u g h t t h i s scheme t o an end, ( s e e A p p e n d i x 2 ) . The L i b y a n 

Government i n 1962 put i n a c t i o n a s i m i l a r scheme, u t i l i z i n g 

a n o t h e r s o u r c e , the A i n D e b u s s i a , t o b r i n g w a t e r from t h e l a t t e r 

s p r i n g t o E l - M a r j and a l l t h e v i l l a g e s and t h e f a r m h o u s e s 

a l o n g o r n e a r t h e r o u t e o f t h e p i p e l i n e . S i n c e t h e s i g n i f i c a n c e 

o f t h e s e schemes i s so g r e a t on t h e economic and s o c i a l l i f e o f 

t h e r e g i o n , t h e y w i l l be d e a l t w i t h i n more d e t a i l l a t e r . 

c o m p l e t e t h e A i n Mara w a t e r s y s t e m a s o r i g i n a l l y p l a n n e d would 

be expanded more p r o f i t a b l y i n d i r e c t i r r i g a t i o n w o r k s , a s f o r 

example i n S y r i a o r t h e Lebanon. However, i t i s i m p o r t a n t , 

f i r s t o f a l l t o p r o v i d e w a t e r f o r t h e needs o f the i n h a b i t a n t s 

The w a t e r o f A i n Mara i s a t p r e s e n t d e v o t e d t o 

i r r i g a t i n g t h e s m a l l g a r d e n s i n the w a d i w h i l e t h e r e s t o f 

the w a t e r w h i c h f l o w s beyond t h e a g r i c u l t u r a l zone s t a g n a t e s i n 

the w a d i bed and c r e a t e s m arches f a v o u r a b l e t o M a l a r i a c a r r i e r s . 

S i n c e d r i n k i n g w a t e r w i l l be a v a i l a b l e f o r most o f t h e J e b e l 

f rom t h e A i n D e b u s s i a - E l - M a r j scheme, t h e w a t e r o f t h e s e s p r i n g s 

Ml P r o f e s s o r A d d i s o l i e v e s t h a t t h e e f f o r t s t o 

o f t h e J e b e l and t h e l i v e s t o c k . 
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c o u l d be tapped and d i v e r t e d t o meet t h e l o c a l n e eds and t o 

be u s e d f o r i r r i g a t i o n i n t h e a g r i c u l t u r a l e x t e n s i o n i n t h e 

e a s t e r n J e b e l A khdar. 

D e b u s s i a - E l - M a r j Water Supply Scheme:-

Water i s a b s t r a c t e d from A i n D e b u s s i a , a p e r e n n i a l 

s p r i n g o f good q u a l i t y w h i c h i s s u e s a t t h e f o o t o f Wadi S e g h i . 

G a u g i n g o f t h e s p r i n g o v e r t h e l a s t few y e a r s v a r i e d between 

3 . 2 and 12 m i l l i o n g a l l o n s p e r day a c c o r d i n g to t he time o f t h e 

y e a r . N o r m a l l y t h e w a t e r i s c l e a r and s p a r k l i n g b u t a f t e r 

h e a v y r a i n f a l l i t becomes t u r b i d due t o d i s t u r b a n c e s o f t h e s i l t 

i n t h e l i m e s t o n e f i s s u r e s . A c o n c r e t e w e l l h a s b e e n 

c o n s t r u c t e d i n t o w h i c h t h e w a t e r from, t h e s p r i n g c a n be d i v e r t e d 

to t h e t r e a t m e n t works a t t h e t o p o f the w a d i e s c a r p m e n t 

( V i d e P l a t e 6 a ) . 

The w a t e r r e a c h i n g t h e s e works i s dosed w i t h a l u m i n a 

and p a s s e d t h r o u g h a b a t t e r y o f s i x p r e s s u r e f i l t e r s and i s 

t h e n s t e r i l i s e d by c h l o r i n e b e f o r e e n t e r i n g t h e s t o r a g e t a n k . 

Pumps t a k e w a t e r from t h e t a n k and d e l i v e r i t t h r o u g h 

a 10" main w h i c h f o l l o w s t h e l i n e o f D e b u s s i a A c c e s s r o a d a s 

f a r a s i t s j u n c t i o n w i t h t h e E l - M a r j - D e r n a r o a d where a 

c o n n e c t i o n h a s been made t o t h e m a i n l a i d by t h e I t a l i a n s . The 

w a t e r i s t h e n p a s s e d t h r o u g h t h i s main i n t o a one m i l l i o n 

g a l l o n c a p a c i t y s e r v i c e r e s e r v o i r n e a r F e r r a r a r e f e r r e d t o a s 

S t a t i o n 5 r e s e r v o i r ( v i d e F i g . 2 9 ) . I t w i l l t h e n g r a v i t a t e 

a l l t h e way to E l - M a r j . 

The main p i p e l i n e i s about 166 Kms. i n l e n g t h and 
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t h e d i a m e t e r o f t h e main i s 10̂ - t o 22". I t r i s e s up t h e s t e e p 
w a d i f a c e from A i n D e b u s s i a , and e n c o u n t e r s t h e main E l - M a r j -
D e r n a r o a d n e a r E l - G u b b a . I t t h e n f o l l o w s t h e main n o r t h 
r o a d w e s t w a r d s , s t r i k i n g s o u t h o f E l - B e i d a p l u n g i n g i n t o w a d i 
E l - K u f ( V i d e P l a t e 6b), and m e a n d e r i n g a l o n g n a r r o w wooded 
w a d i s u n t i l i t emerges i n more open c o u n t r y n e a r E l - B a y a d a . 
Beyond t h i s p o i n t , the p i p e l i n e l e a v e s t h e main r o a d , d e s c e n d s 
i n t o E l - M a r j P l a i n and f o l l o w s t h e r i d g e b o u n d i n g t h e n o r t h e r n 
e x t r e m i t y o f t h e p l a i n . I t s l o n g j o u r n e y t e r m i n a t e s a t a 
r e s e r v o i r to be c o n s t r u c t e d l4 Kms. n o r t h o f E l - M a r j . A 
n e t w o r k o f d i s t r i b u t i o n m a ins i s E l - M a r j P l a i n between 
E l - A w e l i y a and B a t t a , and i n t h e v i l l a g e s t o be s u p p l i e d , t h e 
t o t a l l e n g t h o f w h i c h i s about 130 Kms. and t h e d i a m e t e r i s 
3 i t o 8f». 

On t h e 27th September 1962, t h e c o n t r a c t was s i g n e d 

by t h e Government and Mannesmann o f West Germany, f o r 

c o n s t r u c t i o n o f t h e w a t e r s u p p l y scheme f o r a b s t r a c t i n g 

3.5 m.g.d. from A i n D e b u s s i a and d i s t r i b u t i n g t h e w a t e r t o t h e 

towns o f E l - M a r j and E l - B e i d a , and t o v i l l a g e s , f a r m h o u s e s 

and w a t e r i n g p o i n t s , ( V i d e F i g . 29). The scope o f the work was 

amended on t h e 31st May, 1963> when t h e Government d e c i d e d t o 

r o u t e t h e main a l o n g t h e n o r t h r o a d i n s t e a d o f the s o u t h r o a d 
(ik) 

t o g e n e r a t e s u p p l i e s t o E l - B e i d a and E l - M a r j . v ' 

The c o n t r a c t c o m p l e t i o n d a t e i s t h e 27th March 1966 

and t h e v a l u e o f t h e c o n t r a c t i s £L.7,169,000. 

The u s e o f w a t e r i s r e s t r i c t e d to human c o n s u m p t i o n 

and w a t e r i n g o f l i v e s t o c k i n o r d e r to e n s u r e e q u a b l e ' 
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d i s t r i b u t i o n o v e r t h e l a r g e a r e a w h i c h i t i s i n t e n d e d to 

s e r v e , a s shown i n F i g u r e No.29 • F u r t h e r m o r e , t h e c o s t o f 

pumping and p i p i n g t h e w a t e r would p r o h i b i t i t s u s e f o r g e n e r a l 

i r r i g a t i o n . The e a r t h q u a k e w h i c h d e s t r o y e d most o f t h e p r e s e n t 

town o f E l - M a r j changed t h e p l a n n e d r o u t e s i n c e t h e w a t e r 

f r o m D e b u s s i a w i l l be d i v e r t e d - t o t h e new town. 

As p o i n t e d out on page l 4 l t h e p r e s e n t E l - M a r j 

r e c e i v e s w a t e r from a number o f b o r e h o l e s n e a r t h e town, but 

th e t o t a l y i e l d i s e n t i r e l y i n a d e q u a t e e v e n f o r t h e town*s 

c u r r e n t n e e d s d u r i n g t h e summer months. 

When t he new town i s b u i l t (4 k i l o m e t r e s w e s t o f t h e 

p r e s e n t town) to modern s t a n d a r d s , t h e w a t e r r e q u i r e m e n t w i l l 

u n d o u b t e d l y i n c r e a s e c o n s i d e r a b l y , and 1.0 m.g.d. i s a l l o w e d 

f rom t h e D e b u s s i a scheme. To b r i n g w a t e r to t h e new town, 

a p i p e l i n e a p p r o x i m a t e l y 14 Kms. l o n g , w i l l have to be 

c o n s t r u c t e d , f r o m t h e p r e s e n t t e r m i n a t i o n p o i n t . 

However, a s f a r a s t h e a r e a s t o be s u p p l i e d a r e 

c o n c e r n e d , t h e p l a n n e d q u a n t i t i e s o f s u p p l y a r e a s f o l l o w s : - ' 
S u p p l y 
g.p.d. 

1. E l - B e i d a 1,000,000 
2. G a r n a d a and E l - F a i d i a 350,000 
3. Messa 2.50,000 
4. E l - B a y a d a 300,000 
5. E l - M a r j 1,000,000 
6. U n a l l o c a t e d R e s e r v e s 100,000 
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T h e s e f i g u r e s f o r d i s t r i b u t i o n a r e b a s e d on t h e 

number o f p o p u l a t i o n and a n i m a l s . The d e t a i l s f o r E l - M a r j 

P l a i n a r e a s f o l l o w s : -

g.p.d. 

Humans 23,000 @ 25 g.p.d. = 575,000 
Sheep and g o a t s 150,000 t g.p.d. = 187,500 
C a t t l e 11,200 @ 10 g.p.d. = 112,000 
Camels 4,500 @ 10 g.p.d. = 45,000 
A s s e s and h o r s e s 8,000 @ 10 g.p.d. = 80,000 
L o c a l r e s e r v e a l l o w 200,,500 

T o t a l 1,200,000 
l e s s e x i s t i n g s u p p l i e s 200,000 

1,000,000 

The p o p u l a t i o n f i g u r e s (human) and a n i m a l s f o r 

M u d i r i a o f E l - M a r j i n c l u d e F a r z u g h a , a s u p p l y to w h i c h i s n o t 

c o n s i d e r e d i n t h e p r e s e n t scheme. The t r u n k main h a s b e e n so 

s i t e d t h a t a t r e s e r v o i r No.l5> 1.4 rn.g.d. a r e a v a i l a b l e f o r 

u s e . Of t h i s 1.0 m.g.d. i s a l l o c a t e d t o E l - M a r j P l a i n , b u t 

th e r e m a i n d e r w i l l be a v a i l a b l e f o r F a r z u g h a and El-Hemda 

v i l l a g e s . ' The d e c i s i o n w h e t h e r t o e x t e n d t h e s u p p l y t o 

t h e s e a r e a s w i l l depend l a r g e l y on t h e Government p l a n s f o r 

t h e i r d e v e l o p m e n t . However, t h e a g r i c u l t u r a l p o t e n t i a l i t i e s 

a r e h i g h and l a r g e numbers o f d w e l l i n g s e x i s t . 

S u p p l i e s i n f u t u r e to t h e v i l l a g e s more remote from 

t h e t r u n k main w i l l be dependent on t h e demand o f w a t e r i n t h e 

a r e a s p r e v i o u s l y m e n t i o n e d . S u c h v i l l a g e s a r e : - T a c n i s , 

T u l m e i t h a , T o c r a , Marawa, A p o l l o n i a , Ras E l - H i l a l , E l - H a n i a , 
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and E l - G h e g h a b . 

C o n s i d e r a b l e t h o u g h t h a s been g i v e n to t h e p r o b l e m 

o f d i s t r i b u t i o n f rom b o t h t h e t r u n k l i n e and t h e i n t e r m e d i a t e 

r e s e r v o i r s and t h e s y s t e m o f d i s t r i b u t i o n m a ins and w a t e r i n g 

p o i n t s would b r i n g w a t e r w i t h r i two o r t h r e e k i l o m e t r e s o f most 

i n h a b i t a n t s l i v i n g on o r n e a r t h e p i p e l i n e r o u t e . I t i s 

f u r t h e r p r o p o s e d t o i n s t a l w a t e r i n g p o i n t s a l o n g t h e t r u n k 

main and i n t h e main d i s t r i b u t i o n a r e a s . I n g e n e r a l i t i s 

s u g g e s t e d t h a t t h e w a t e r i n g p o i n t w i l l t a k e t h e form o f an 

e l e v a t e d b r e a k p r e s s u r e t a n k o f about 2,000 g a l l o n s c a p a c i t y 

f e e d i n g w a t e r t h r o u g h f o r a n i m a l s , a s t a n d p i p e and p o s s i b l y 

an e l e v a t e d s t a n d p o s t f o r t h e s u p p l y o f w a t e r c a r r y i n g v e h i c l e s . 

T h e r e w i l l be 50 w a t e r i n g p o i n t s a l o n g t h e r o u t e . I t i s 

e s t i m a t e d t h a t t h e c o s t w i l l be some £L0,200 p e r 1000 g a l l o n s . 

The number o f the L i b y a n employees engaged on c o n s t r u c t i o n 

v a r i e s c o n s i d e r a b l y b u t t h e maximum number i s about 65O. I t i s 

e x p e c t e d t h a t a s t a f f o f between 60 and 90 employees w i l l be 

n e c e s s a r y f o r the o p e r a t i o n and m a i n t e n a n c e o f the scheme. 

The work on t h e scheme i s d i v i d e d i n t o t h r e e s t a g e s ; 

S t a g e I c o v e r s t h o s e works to be c o m p l e t e d by March 1966 a s h a s 

been p o i n t e d out e a r l i e r ; S t a g e I I c o v e r s t h o s e works w h i c h 

s h o u l d be c o n s t r u c t e d i n t h e y e a r s f o l l o w i n g t h e c o m p l e t i o n o f 

th e Mannesmann c o n t r a c t a n d . i t i n c l u d e s t h e e x t e n s i o n and 

improvement o f e x i s t i n g d i s t r i b u t i o n and new s y s t e m s c o n s t r u c t e d 

i n S t a g e I . I t i n c l u d e s a l s o t h e c o n s t r u c t i o n o f a new 

d i s t r i b u t i o n s y s t e m f o r E l - M a r j and E l - B e i d a ; S t a g e I I I c o v e r s 
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w o rks t h a t may be u n d e r t a k e n i n t h e f u t u r e a s c i r c u m s t a n c e s 

d i c t a t e and a s f u n d s p e r m i t . I t i n c l u d e s i n t h e f i r s t i n s t a n c e 

the e x t e n s i o n o f t h e scheme to i n c l u d e F a r z u g h a and El-Hemda, 

and s e c o n d l y t h e v i l l a g e s more remote from, t h e t r u n k main s u c h 

a s T o c r a . The scheme i s d e s i g n e d to p r o v i d e w a t e r f o r F a r z u g h a 

and El-Hemda. The p e r i o d o f S t a g e I i s 3T y e a r s and t h e 

s e c o n d 2\ y e a r s . 

To summarise, t h e u n d e r g r o u n d w a t e r i n E l - M a r j 

P l a i n and t h e a d j a c e n t a r e a s i s c o n t a i n e d c h i e f l y i n f r a c t u r e s , 

b e d d i n g p l a n e s and s o l u t i o n o p e n i n g s i n the l i m e s t o n e c o u n t r y 

r o c k . The u p p e r l i m i t o f t h i s r e s e r v o i r i s marked by a w a t e r 

t a b l e w h i c h g e n e r a l l y l i e s w i t h i n 40m. o f the l a n d s u r f a c e i n 

the c o a s t a l p l a i n , b u t i s 100 m. o r more below the s u r f a c e o f 

most o f t h e J e b e l . The ground w a t e r r e s e r v o i r i s r e p l e n i s h e d 

c h i e f l y by i n f i l t r a t i o n f rom s u r f a c e r u n - o f f i n w a d i s and to a 

l e s s e r e x t e n t by d i r e c t i n f i l t r a t i o n o f r a i n f a l l . The ground 

w a t e r moves n o r t h and n o r t h w e s t t o w a r d s the M e d i t e r r a n e a n 

S e a and s o u t h t o w a r d s the i n t e r i o r d e s e r t f r o m a g r o u n d - w a t e r 

d i v i d e n e a r t h e c r e s t o f J e b e l Akhdar and d i s c h a r g e o f t h i s 

g r o u n d - w a t e r t a k e s p l a c e a s s u b m a r i n e o u t f l o w , s p r i n g f l o w , 

e v a p o r a t i o n , and w i t h d r a w a l s from w e l l s . 

The d r a f t s from w e l l s i n the J e b e l a r e g e n e r a l l y 

s m a l l e r t h a n t h o s e i n t h e c o a s t a l p l a i n , owing to the g r e a t e r 

d e p t h s t o r e a c h t h e w a t e r and to t h e c o n s e q u e n t d i f f i c u l t y and 

e x p e n s e l i f t i n g t h e wate r to t h e l a n d s u r f a c e . I n t h e J e b e l 
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t h e g r o s s d r a f t f rom e x i s t i n g w e l l s may be no more t h a n a few 
t h o u s a n d c u b i c m e t r e s p e r day. 

W i t h r e s p e c t t o i r r i g a t i o n , t h e w a t e r i n w e l l s i s too 

deep f o r economic pumping, e x c e p t on the c o a s t a l p l a i n on a 

moderate s c a l e . E v e n i n t h e c o a s t a l p l a i n , pumping from w e l l s 

l o c a t e d w i t h i n a few k i l o m e t r e s o f the s h o r e l i n e c o u l d l e a d , 

w i t h t i m e , t o s a l t - w a t e r c o n t a m i n a t i o n i n a r e a s o f w i t h d r a w a l . 

Most o f t h e v i l l a g e s i n E l - M a r j P l a i n , and on t h e 

J e b e l a s a whole, have t r a d i t i o r a L l y s u f f e r e d from s e v e r e w a t e r 

s h o r t a g e i n the summer s e a s o n , and i t h a s o f t e n been n e c e s s a r y 

to t r a n s p o r t w a t e r by r o a d t a n k e r s , o v e r d i s t a n c e s o f up to 

40 o r 50 Kms. a t g r e a t e x p e n s e . 

The D e b u s s i a - E l - M a r j w a t e r s u p p l y scheme, c u r r e n t l y 

u n d e r c o n s t r u c t i o n f o r d i s t r i b u t i n g w a t e r t o t h e v i l l a g e s and 

f a r m h o u s e s between E l - G u b b a and E l - M a r j i s an a m b i t i o u s 

u n d e r t a k i n g d e s i g n e d t o u t i l i s e t h e s o u r c e a t A i n D e b u s s i a a s 

f u l l y a s p o s s i b l e , much o f w h i c h a t p r e s e n t r u n s t o w a s t e . 

The c o n s t r u c t i o n o f t h e scheme i s e v i d e n c e o f an 
•> 

a p p r e c i a t i o n o f t h e v i t a l i m p o r t a n c e o f w a t e r i n development 

p r o j e c t s , p a r t i c u l a r l y f o r a g r i c u l t u r a l development o f t h e 

p o t e n t i a l l y f e r t i l e E l - M a r j P l a i n and J e b e l Akhdar. I t i s 

a l s o a p o s i t i v e s t e p t o w a r d s the r e s e t t l e m e n t of t h e nomads 

and semi-nomads i n the J e b e l . 
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CHAPTER V I 

S O I L S 

S o i l s o f E l - M a r j P l a i n show a d i v e r s i t y o f o r i g i n , 

p r o p e r t i e s , and l a n d u s e c a p a b i l i t i e s w h i c h i s p e r h a p s b e s t 

e x p l a i n e d by r e f e r e n c e t o t h e f a c t o r s o f s o i l f o r m a t i o n . 

F o l l o w i n g t h e i n i t i a l work o f D a k u c h a i e v e ( l 8 9 8 ) ^ 1 ^ and 
(2) 

J e n n y ( l ° 4 l ) , ' i t i s c o n v e n i e n t t o c o n s i d e r t h i s d i v e r s i t y i n 

( l ) c l i m a t e , (2) v e g e t a t i o n , (3) p a r e n t m a t e r i a l o r p a r e n t 

r o c k s (k) topography, (5) time and (6) human i n f l u e n c e s . 

W i t h i n E l - M a r j P l a i n i t soon became a p p a r e n t t h a t c l i m a t e and 

p a r e n t m a t e r i a l a r e p e r h a p s t h e dominant detemtninent of t h e 

s o i l c h a r a c t e r . The c l i m a t i c s i t u a t i o n , w i t h i t s s t r o n g l y 

M e d i t e r r a n e a n r e g i m e h a s a l r e a d y b e en p o i n t e d o u t i n d e t a i l i n 

C h a p t e r I I I , and t h e s o l i d g e o l o g y o f t h e r e g i o n w i t h i t s . 

e m p h a s i s on t h e o c c u r r e n c e o f t e r t i a r y l i m e s t o n e h a s b e e n 

d i s c u s s e d i n C h a p t e r I I . 

T h i s s u p e r - i m p o s i t i o n o f M e d i t e r r a n e e i n c l i m a t e on 

c a l c a r e o u s p a r e n t m a t e r i a l h a s dominated t h e p r o c e s s e s o f s o i l 

f o r m a t i o n , and by f a r t h e most i m p o r t a n t s o i l t y p e w h i c h i s 

found i n E l - M a r j P l a i n and on t h e s u r r o u n d i n g s c a r p s and t h e 

u p l a n d a r e a s i s t h e c l a s s i c a l T e r r a R o s s a . Much h a s b e e n 

w r i t t e n about t h i s s o i l and i t s d i s t r i b u t i o n t h r o u g h o u t t h e 

whole o f t h e M e d i t e r r a n e a n r e g i o n , b u t r e l a t i v e l y l i t t l e work 

h a s b e en p u b l i s h e d on i t s L i b y a n h a b i t a t . The r e c o n n a i s s a n c e 

o b s e r v a t i o n o f F e r r a r a (1933)^"^ and P r i n c i p i ^ ^ ( 1 9 3 6 and 19^7) 
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a r e u s e f u l , a s a r e p a r a l l e l f i n d i n g s o f R e i f e n b e r g w / i n 

P a l e s t i n e , b u t t h a t r e s e a r c h c a r r i e d out on t h i s s o i l g roup 

i n N o r t h A f r i c a , would seem t o e x i s t i n u n p u b l i s h e d form. 

The o r i g i n a l work o f R e i f e n b e r g on t h e T e r r a R o s s a 

s o i l i s s t i l l t h e s t a n d a r d r e f e r e n c e f o r t h e p r o p e r t i e s and 

d e f i n i t i t i o n o f t h i s s o i l t y p e , and i t seems c o n v e n i e n t t o 

c o n s i d e r h e r e some o f the main p o i n t s w h i c h a r e c o n t a i n e d 

w i t h i n R e i f e n b e r g ' s o r i g i n a l c o n c e p t . F o r him: 

" T e r r a R o s s a d e v e l o p s on l i m e s t o n e u n d e r t h e c o n d i t i o n s 

o f t h e M e d i t e r r a n e a n c l i m a t e . I n c o m p a r i s o n w i t h i t s p a r e n t 

m a t e r i a l , t h e l i m e s t o n e , i t h a s b e en g r e a t l y e n r i c h e d i n 

s e s q u i o x i d e s and i n s i l i c a . I n c o m p a r i s o n w i t h t h e s o i l s o f 

humid c l i m a t e i t c o n t a i n s l a r g e q u a n t i t i e s o f s a l t o f t h e 

A l k a l i s and a l k a l i n e e a r t h s . The h i g h i r o n c o n t e n t t o g e t h e r 

w i t h low humus c o n t e n t a r e r e s p o n s i b l e f o r t h e r e d c o l o u r and 

w h i c h o f t e n i s b r i l l i a n t . They a r e m o s t l y s o i l s w i t h an 
(6) 

a l k a l i n e r e a c t i o n and f e r r u g i n o u s c o n c r e t i o n s . " ^ ' 

T h i s v i e w o f R e i f e n b e r g i s i n many ways t h e most 

composed and i m p r e s s i v e s t a t e m e n t on t h e o r i g i n and n a t u r e o f 

T e r r a R o s s a w h i c h h a s b e en a t t e m p t e d by any p e d o l o g i s t . 

C e r t a i n l y t h e t h e s i s t h a t T e r r a R o s s a i s a c o n t e m p o r a r y 

phenomenon r e s u l t i n g f rom t h e i n t e r p l a y o f a M e d i t e r r a n e a n 

c l i m a t e r e g i m e and a c a l c a r e o u s p a r e n t m a t e r i a l i s w i d e l y h e l d 

i n s o i l s c i e n c e c i r c l e s . However, w h i l s t a d i s c u s s i o n o f the 
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p e d o l o g i c a l c o n t r o v e r s y s u r r o u n d i n g T e r r a R o s s a i s beyond the 
scope o f t h i s p r e s e n t work, i t s h o u l d a l s o be n o t e d t h a t 
K u b i e n a (1953) and o t h e r s would r e g a r d T e r r a R o s s a a s a f o s s i l 
f e a t u r e found u n d e r more humid s u b - t r o p i c a l c o n d i t i o n s and 
t h e r e f o r e e s s e n t i a l l y a s o i l p a r e n t m a t e r i a l r a t h e r t h a n a 
modern s o i l . 

The work p r e s e n t e d i n t h i s c h a p t e r does n o t aim a t 

p r e s e n t i n g any d e f i n i t e o r i g i n o f t h i s s o i l and i t s a s s o c i a t i o n , 

b u t r a t h e r t o s t u d y s p e c i f i c T e r r a R o s s a p r o f i l e s i n C y r e n a i c a 

and to a n a l y s e p a r t i c u l a r l y t h e i r a g r i c u l t u r a l p r o p e r t i e s . 

D e t a i l e d s o i l a n a l y s i s ; i n o r d e r t o supplement t h e g e n e r a l 

a c c o u n t s o f t h e s o i l t y p e s and t h e i r d i s t r i b u t i o n w i t h i n E l -

M a r j P l a i n and t h e s u r r o u n d i n g s i t was d e c i d e d to c a r r y out a 

more d e t a i l e d a n a l y s i s o f t h e s o i l s o f t h e a r e a u s i n g s t a n d a r d 

f i e l d and l a b o r a t o r y i n v e s t i g a t i o n t e c h n i q u e s . A f i e l d s u r v e y 

o f the s o i l s was c a r r i e d out d u r i n g t h e summers o f 1962 and 

•63 and a r e c o n n a i s s a n c e was made o f n a t u r a l s o i l s e c t i o n s 

and s o i l s o c c u r r i n g i n t h e m a i n a g r i c u l t u r a l a r e a s . From t h i s 

r e c o n n a i s s a n c e s u r v e y i t was p o s s i b l e t o d e c i d e upon t h e m a i n 

s o i l t y p e s o c c u r r i n g i n t h e p l a i n and a l s o t o l o c a t e e l e v e n 

s o i l p r o f i l e p i t s w h i c h would g i v e a r e p r e s e n t a t i v e p i c t u r e 

o f t h e p e d o l o g i c a l p a t t e r n . 

E a c h o f t h e s e p i t s was d e s c r i b e d i n t h e f i e l d and 

e a c h was sampled a t two m a i n d e p t h s , i . e . a t t h e s u r f a c e and a t 

a d e p t h o f 25 cm. The s a m p l e s were a n a l y s e d a t t h e 

S i d i M e s r i E x p e r i m e n t a l S t a t i o n . D e t a i l s 
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o f t h e c h e m i c a l a n a l y s e s a r e g i v e n i n t h e a p p e n d i x N o . I l l , 
T a b l e 1. The main s i t e c h a r a c t e r i s t i c s o f t h e s o i l p r o f i l e s 
a r e a l s o p r e s e n t e d i n T a b l e 19. A s c h e m a t i c c l a s s i f i c a t i o n 
o f t h e s o i l s i s g i v e n i n T a b l e 2Q* and t h e l o c a t i o n o f s o i l 
p i t s i s f u r t h e r shown on f i g u r e No.30. 

P r o f i l e 1 - i s a good example o f a r e l a t i v e l y t h i n t e r r a f u s c a 

w h i c h h a s d e v e l o p e d d i r e c t l y f rom t h e u n d e r l y i n g Lower E o c e n e 

l i m e s t o n e b e d s . The s o i l i s q u i t e t h i n , p a s s i n g i n t o p a r e n t 

r o c k a t 50 cms., and i s one o f t h e s t o n i e s t p r o f i l e s examined 

due t o h i g h c o n t e n t o f l i m e s t o n e f r a g m e n t s from t h e p a r e n t 

r o c k . The m e c h a n i c a l a n a l y s i s o f t h e s a m p l e s show a h i g h 

c o n t e n t o f sand and a l s o o f c l a y , w h i l s t t h e s i l t f r a c t i o n i s 

r e l a t i v e l y low. The s o i l i s d o m i n a n t l y a s a n d y c l a y w i t h a 

v e r y s l i g h t i n c r e a s e o f t h e sand f r u c t i o n w i t h d e p t h . 

The f i g u r e s f o r t h e t o t a l c a r b o n a t e s r e f l e c t t h e 

l a r g e p r o p o r t i o n o f l i m e s t o n e f r a g m e n t s i n t h e s o i l m a t e r i a l . 

The f i g u r e s f o r t h e s u r f a c e h o r i z o n s i s 10% h i g h e r t h a n t h a t 

a t 25 cm. w h i c h would seem to s u g g e s t movement o f l i m e 

t o w a r d s t h e s u r f a c e and some c o n c e n t r a t i o n t h e r e . The Ph. 

f i g u r e s o f 6.5 and 7.6 r e s p e c t i v e l y were i n f a c t t h e h i g h e s t 

r e c o r d e d i n t h e whole r e g i o n . The f i g u r e s f o r t h e t o t a l a c i d 

s o l u b l e m a t e r i a l a g a i n show t h e h i g h l i m e c o n t e n t and were t h e 

h i g h e s t o v e r t h e whole s u r v e y a r e a . The c o n d u c t i v i t y o f t h e 

s o i l s t o o , were amongst t h e h i g h e s t r e c o r d e d . T h e s e f i g u r e s 

a g a i n show a t e n d e n c y f o r t h e s o i l s o l u t i o n to move upwards 

to t h e s u r f a c e . 
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T a b l e A. 

TABLE 19: L o c a t i o n s o f t h e S o i l s S i t e s 

P r o f 
i l e 
No. 

- S i t u a t i o n G r i d Re 
1 

f .Height P a r e n t 
i n | Rock 

metres 

TopographL: 
s i t u ­
a t i o n t 

• 

: L a n d Use 

1 3 kms.S.W. 
o f T u l m e i t h a 

400/750 5 Lower 
E o c e n e 
Limestone 

F l a t 
c o a s t a l 
s P l a i n 

D r y f a r m i n g 
b a r l e y 

2 S o u t h o f t h e 
v i l l a g e o f 
El-Hemda 

100/450 326 Middle' 
E o c e n e 
Limestone 

L e v e l D r y f a r m i n g 
wheat 

3 3 kms.N.of -
S i d i 
Rahuma 

275/760 280 M i d d l e 
E o c e n e 
Limestone 

G e n t l e 
southerly-
s l o p e 

D r y f a r m i n g 
wheat 

4 4 kms.S.E. 
o f E l - M a r j 

185/755 295 M i d d l e 
Eo c ene 
Limestone 

G e n t l e 
northerly-
s l o p e 

D r y f a r m i n g 
wheat 

5 14 kms.N.E. 
o f E l - M a r j 

350/800 350 M i d d l e 
Eocene. 
L i m e ­
s t o n e 

G e n t l e 
s o u t h ­
w e s t e r l y 
s l o p e 

D r y f a r m i n g 
wheat 

6 E l - Q h a r i q 
L a k e 

230/740 278 M i d d l e 
E o c e n e 
L i m e ­
s t o n e 

F l a t S e a s o n a l 
f l o o d i n g 

7: 7 kms.W.of 
E l - M a r j 

195/645 340 M i d d l e 
E o c e n e 
L i m e ­
s t o n e 

G e n t l e 
e a s t e r l y 
s l o p e 

D r y f a r m i n g 
wheat 

8 3 kms.W.of 
B a t t a 

370/885 380 Wat 
a l l u v ­
ium over 
M i d d l e 
E o c e n e 
L i m e ­
s t o n e 

Wadi 
bottom 

D r y f a r m i n g 
b a r l e y 

9 Z o r d a 
Exp. 
S t a t i o n 

165/705 310 M i d d l e 
E o c e n e 
L i m e ­
s t o n e 

F l a t D r y f a r m i n g 
whaat 

10 S o u t h o f 
F a r z u g h a 

190/540 333 M i d d l e 
E o c e n e 
lim estone 

F l a t D r y f a r m i n g 
wheat 

11 8kms.¥.of 
B a t t a 

365/840 4oo Wadi 
A l l u v -
0 urn over 
M. Eocene 

Wadi 
bottom 

U n c u l t i m a t e d 
s c r u b 
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T a b l e B 

TABLE 20: C l a s s i f i c a t i o n o f t h e s o i l s 

P a r e n t P r o f i l e M a j o r S o i l Type P r o f i l e 
M a t e r i a l D r a i n a g e Number 

T e r r a R o s s a 

M a t e r i a l o v e r F r e e i ) Red T e r r a R o s s a 9,4,3,2 
s o i l s - d e e p phase 

L i m e s t o n e 
i i ) Red T e r r a R o s s a 

s o i l s - s h a l l o w phase 10 
i i i ) D a r k Red T e r r a R o s s a 

s o i l s 7,5 
i v ) T e r r a F u s c a s o i l s 1 

Impeded v ) H y d r o m o r p h i c 
S a l i n e s o i l s 6 

Wadi A l l u v i u m v i ) Y e l l o w i s h Brown 
F r e e A l l u v i u m S o i l s 8 

one l i m e s t o n e 
v i i ) D a r k Brown 

A l l u v i u m S o i l s 11 
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in 

CO 

i n 
CN 

CM 
in 

r 
Ml 
HI 

i UJ u> UJ 

at 

in 

rx 



-161-

The e x c h a n g a b l e c a t i o n d a t a show t h a t t h e c a t i o n i c 
exchange c a p a c i t y i s r e l a t i v e l y low b u t i s dominated by c a l c i u m 
and magnesium. The f i g u r e s f o r b o t h sodium and p o t a s s i u m a r e 
much l o w e r . The f i g u r e s f o r a v a i l a b l e n u t r i e n t show t h a t 
n i t r o g e n i s e x t r e m e l y low and l i k e l y t o be a m a j o r o b s t a c l e to 
a d e q u a t e p l a n t g rowth. The f i g u r e s f o r p h o s p h a t e and p o t a s h too 
a r e low and a g a i n would be l i k e l y t o p r o v e l i m i t i n g i n any 
i n t e n s i v e l a n d u s e . 

P r o f i l e 2 - r e p r e s e n t s a w e l l d e v e l o p e d r e d T e r r a R o s s a s o i l 

2 m e t r e s deep o v e r M i d d l e E o c e n e l i m e s t o n e . I t s t e x t u r e i s 

s i m i l a r to p r o f i l e one b u t f i g u r e s f o r s o i l c a r b o n a t e s f a i l to 

show any a c c u m u l a t i o n o f l i m e and p r o f i l e . T h i s would seem t o 

s u g g e s t t h a t s o i l d r a i n a g e h a s been a d e q u a t e to l e e c h out much 

o f t h e c a l c i u m m a t e r i a l from w h i c h t h e s o i l was u l t i m a t e l y 

d e r i v e d . Ph. f i g u r e s show t h a t t h e s o i l i s o n l y s l i g h t l y 

a l k i n e . The f i g u r e s f o r t h e t o t a l a n a l y s e s show marked 

a c c u m u l a t i o n o f i r o n and a l u m i n i u m i n the s o i l . T h i s i s a s 

one would e x p e c t from T e r r a R o s s a . The c o n d u c t i v i t y o f t he 

p r o f i l e i s s i m i l a r t o P r o f i l e 1, a g a i n showing a s l i g h t 

a c c u m u l a t i o n o f s a l t . The c a t i o n exchange c a p a c i t y i s 

r e l a t i v e l y h i g h and due p r o b a b l y t o t h e h i g h e r c o n t e n t o f i r o n 

and a l u m i n i u m o x i d e s . C a l c i u m and magnesium a g a i n dominate t h e 

exchange complex. 

The d a t a f o r the n u t r i e n t e l e m e n t s o f t h i s T e r r a 

R o s s a p r e s e n t some i n t e r e s t i n g c o n t r a s t w i t h P r o f i l e 1. 
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F i g u r e s f o r t o t a l n i t r o g e n a g a i n show t h e v e r y d e f i c i e n t 
c o n t e n t o f t h i s i m p o r t a n t p l a n t f o o d . T h i s i s q u i t e 
c h a r a c t e r i s t i c f o r t h e whole r e g i o n . The f i g u r e s f o r p h o s p h a t e 
however, a r e e x t r e m e l y low and p o i n t to the f a c t t h a t many o f 
t h e s e s o i l s do n o t c o n t a i n a d e q u a t e p h o s p h o r u s . T h i s i s no 
doubt a r e f l e c t i o n o f t h e l o n g p e r i o d o f c h e m i c a l l e e c h i n g and 
d e g r a d a t i o n w h i c h t h e s o i l h a s u n d e rgone. The r e l a t i v e l y low 
f i g u r e s f o r t h e a c i d s o l u b l e m a t e r i a l would seem t o s u p p o r t 
t h i s v i e w . 

P r o f i l e 3 - h a s b e en c l a s s i f i e d i n t o t h e same s o i l g r o u p i n g a s 

P r o f i l e 2, namely Red T e r r a R o s s a s o i l o f a deep phase and 

i n d e e d t h e a n a l y t i c a l f i g u r e s o f t h i s s o i l show many 

r e s e m b l a n c e s . From a p o i n t o f v i e w o f t e x t u r e t h i s p r o f i l e 

i s s l i g h t l y h e a v i e r , b e i n g c l a s s e d a s a c l a y s o i l r a t h e r t h a n 

a s a ndy c l a y . The f i g u r e s f o r c l a y c o n t e n t a r e some 5% h i g h e r 

t h a n P r o f i l e 2 and t h e sand p e r c e n t a g e i s c o r r e s p o n d i n g l y 

l o w e r . The s i l t p e r c e n t a g e s a r e s t i l l t h e same. The s o i l 

r e a c t i o n i s s l i g h t l y l o w e r t h a n P r o f i l e 2, and i n f a c t t h e 

s u r f a c e shows s l i g h t s a l i n i t y . T h i s may i n f a c t be due t o 

a g r i c u l t u r a l p r a c t i c e s ; a t 25 cm. i n f a c t t h e Ph. r i s e t o 7.2 

w h i c h c o r r e s p o n d s to t h e g p n e r a l Ph. l e v e l o f t h e T e r r a R o s s a 

m a t e r i a l . 

R a t h e r s u r p r i s i n g l y t h e f i g u r e s f o r t h e c a t i o n 

exchange c a p a c i t y a r e amongst some o f the l o w e s t r e c o r d e d i n 

t h e a r e a . T h i s may be due to a l a c k o f o r g a n i c m a t t e r o r t o 

t h e t y p e o f c l a y m i n e r a l i n v o l v e d . C a l c i u m and magnesium a r e 
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a g a i n the dominant ions and t h i s i s r e f l e c t e d i n the f i g u r e s 

f o r s o i l c o n d u c t i v i t y , which v a r y from 1 . 1 0 millimhos/cm. at 

the s u r f a c e to 0 . 7 5 millimhos/cm. a t 25 cm. depth. T h i s 

points to a s l i g h t s e a s o n a l upward movement of s o l u b l e s a l t . 

The carbonate f i g u r e s show an almost complete removal of lime 

as i n P r o f i l e 2 , w i t h again a s l i g h t i n c r e a s e at the s u r f a c e . 

The f i g u r e s f o r a v a i l a b l e n u t r i e n t s are amongst some of the 

lowest recorded i n the survey. Nitrogen v a r i e s from 0 . 1 0 $ 

at the s u r f a c e to 0 . 1 2 $ at 25 cm.; t h i s seems to be a d i r e c t 

r e s u l t of the poor o r g a n i c matter s t a t u s of t h i s p r o f i l e . 

The f i g u r e s f o r phosphate are extremely low and once again 

t h i s p l a n t food would seem to be a l i m i t i n g f a c t o r i n the 

p l a n t growth. The f i g u r e s f o r a v a i l a b l e potash are very low 

too, i n s p i t e of the f a c t the t o t a l a n a l y s i s shows t h a t potash 

i s q u i t e h i g h i n the m i n e r a l f u n c t i o n e v i d e n t l y much of the 

potash i n a form which i s not a v a i l a b l e to the p l a n t r o o t . 

P r o f i l e k - i s s i m i l a r l y c l a s s e d as deep T e r r a Rossa s o i l 

but i s much s i m i l a r to P r o f i l e 2 r a t h e r than to P r o f i l e 3 . 

The g e n e r a l t e x t u r e i s on the t r a n s i t i o n a l boundary between 

sandy c l a y and sandy c l a y loam, mainly r e s u l t i n g from s l i g h t 

i n c r e a s e i n the sand content. The c l a y percentages i s 2 9 . 6 

at the s u r f a c e f a l l i n g to 28 . 0 at 25 cm. The data f o r the 

c a t i o n i c exchange c a p a c i t y i s a l s o s i m i l a r to P r o f i l e 2 

ranging from 2 4 . 1 2 m.l / 1 0 0 gms. of the s o i l a t the s u r f a c e to 

2 6 . 7 5 m. 1 / 1 0 0 gms. at 25 cm. Calcium and magnesium are 
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a g a i n the dominant c a t i o n s on the exchange complex. The Ph. 
v a r i e s from 7*^5 at the s u r f a c e to 7 . 2 0 at 25 cm. which i s 
again s i m i l a r to P r o f i l e 2 , and the P r o f i l e shows a 
corresponding l a c k of t o t a l carbonates. F i g u r e s f o r a v a i l a b l e 
n i t r o g e n show an i n c r e a s e on those f o r P r o f i l e 3> and the 
a v a i l a b l e potash i s a l s o much h i g h e r . Phosphate, however, 
i s s t i l l extremely low. 

A b r i e f comparison of P r o f i l e s 2 , 3 and h, a l l of 

which are designated as deep red T e r r a Rossa s o i l , shows t h a t 

there i s some a n a l y t i c a l v a r i a t i o n w i t h i n t h i s g e n e r a l groupiqg. 

T h i s i s only to be expected when one c o n s i d e r s d i f f e r e n c e s 

of s i t u a t i o n and s o i l h i s t o r y which these s i t e s probably have 

undergone. T h i s p a r t i c u l a r aspect w i l l be t r e a t e d more f u l l y 

i n the next s e c t i o n . 

P r o f i l e 5 - r e p r e s e n t s s l i g h t d i f f e r e n c e from the l a s t t h ree 

p r o f i l e s i n t h a t i t has been designated as a dark red T e r r a 

Rossa s o i l l a r g e l y on the b a s i s of a f i e l d appearance. A 

study of the a n a l y t i c a l data, however, f a i l s to r e v e a l any 

r e a l s i g n i f i c a n t c o n t r a s t . The only f i g u r e which would seem 

to be important i n t h i s r e s p e c t i s that f o r the moisture 

content. The dark red T e r r a Rossa has a moisture percentage 

of over 5 where as a red T e r r a Rossa has g e n e r a l l y f i g u r e s 

between 2 and 3 . The t e x t u r e of t h i s s o i l shows a d i f f e r e n c e 

between the s u r f a c e and 25 cm. The s u r f a c e l a y e r i s a sandy 

c l a y whereas a l i t t l e lower down the t e x t u r e changes to 
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sandy c l a y loam/sandy loam. T h i s i s mainly due to d e c r e a s i n g 
c l a y percentages from 29-4 to 20 and an i n c r e a s e i n sand 
f u n c t i o n from 56.4 to 7 2 . 2 . The f i g u r e s f o r s i l t f u n c t i o n 
show a v e r y s t r i k i n g decrease w i t h depth dropping 14 . 2 $ at 
the s u r f a c e to 1 ,h$> a t 25 cm. T h i s decrease of s i l t and 
c l a y f u n c t i o n w i t h i n such a s h o r t d i s t a n c e would seem to 
suggest t h a t the upper h o r i z o n s are i n f a c t r e c e i v i n g f i n e r 
m a t e r i a l which i s being washed i n from surrounding s l o p e s . 

The Ph. of t h i s s o i l and the t o t a l carbonates are 

very s i m i l a r to P r o f i l e 3 i as a l s o the f i g u r e s f o r c a t i o n i c 

exchange c a p a c i t y . Calcium and magnesium are a g a i n the 

dominant i o n s , and the f i g u r e s f o r c o n d u c t i v i t y of the s o i l are 

v e r y low d e s p i t e t h i s h igh moisture content. F i g u r e s f o r 

a v a i l a b l e n u t r i e n t s show the same low v a l u e s , although the 

a v a i l a b i l i t y of phosphate i s s l i g h t l y h i g h e r than the previous 

three p r o f i l e s . 

P r o f i l e 6 - i s an extremely i n t e r e s t i n g p r o f i l e as i t i s the 

only p r o f i l e study which show the e f f e c t s of impeded drainage 

i n the s o i l p r o f i l e . The p r o f i l e p i t was l o c a t e d on the 

n o r t h e r n edge of E l - G h a r i q d e p r e s s i o n which i s an a r e a of 

accumulation of moisture from surrounding a r e a s . E l - G h a r i q 

d e p r e s s i o n i s i n f a c t an i n t e r m i t t e n t l a k e each w i n t e r and 

u s u a l l y remained flooded u n t i l i t i s d i s s i p a t e d by 

evaporation i n l a t e M§.y. The dominant f e a t u r e of the s o i l s 

t h e r e f o r e i s extremely water logged c o n d i t i o n s f o r much of 
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t h e y e a r . The h i g h water t a b l e thus produced has very-

d e t r i m e n t a l e f f e c t s on p l a n t growth. 

The mechanical a n a l y s i s shows t h a t the s o i l s may 

be c l a s s i f i e d as sandy c l a y which i s v e r y important from a 

point of view of s o i l p e r m e a b i l i t y . The s o i l s are 

r e l a t i v e l y impermeable, a f a c t o r which makes even worse the 

e f f e c t s of a l a r g e s e a s o n a l i n f l u x of moisture. D e s p i t e the 

poor drainage, however, a l k a l i n i t y has not developed and the 

Ph. i s only 7 . 1 . The f i g u r e s f o r t o t a l carbonate a l s o show 

no accumulation of l i m e . By f a r the most i n t e r e s t i n g 

a n a l y t i c a l f i g u r e i s that which r e f e r s to s o i l s a l i n i t y . 

The f i g u r e f o r the c o n d u c t i v i t y of the s o i l r e a ches the very 

h i g h l e v e l of 1 8 . 5 millimhos/cm. a t the s u r f a c e but i t drops 

q u i c k l y to 3 . 2 5 millimhos/cm. at 50 cm. The f i g u r e s f o r 

c a t i o n exchange c a p a c i t y s i m i l a r l y r e f l e c t the s a l i n e 

c o n d i t i o n s of t h i s s o i l . The percentage of sodium on 

exchange complex does i n f a c t exceed the f i g u r e f o r c a l c i u m 

and magnesium combined and would seem to suggest t h a t there 

i s a v e r y h i g h sodium hazard i n t h i s s o i l . T h i s i s f u r t h e r 

r e i n f o r c e d by the f i g u r e of the Sodium Absorption R a t i o n 

which i s 1 2 . 3 2 at the s u r f a c e . The f a c t t h a t a l k a l i n i t y has 

not developed under the h i g h sodium f i g u r e may, i n f a c t , be 

due to the h i g h i r o n content of the s o i l . The f i g u r e s f o r 

a v a i l a b l e n u t r i e n t s show the u s u a l l a c k of n i t r o g e n and 

phosphate but i t i s n o t i c e a b l e t h a t the f i g u r e f o r a v a i l a b l e 
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potash i s extremely h i g h . I n f a c t the f i g u r e s of 

1067 p.p.m. of potash i s more than double the f i g u r e 

recorded i n the other p r o f i l e s . T h i s i s almost 

c e r t a i n l y due to the f a c t t h a t potasium i s being washed 

i n the a r e a by seepage water. 

The s a l i n e nature of t h i s p r o f i l e appears 

v e r y p u z z l i n g when compared to the good crop y i e l d s whi 

t h i s a r e a supports (Vide Chapter V T I l ) . Whether the 

s a l i n i t y i s c l o s e l y r e s t r i c t e d to the s u r f a c e and 

hence does not a f f e c t the main root zone, or whether 

the s o l u b l e s a l t s are of a nature which does not 

i n h i b i t p l a n t growth i s a q u e s t i o n which needs f u r t h e r 

i n v e s t i g a t i o n . 

P r o f i l e 7 i s another example of a dark red T e r r a 

Rossa s o i l and t h e r e f o r e i t may be convenient to 

d i s c u s s i t s a n a l y t i c a l d a t a i n comparison w i t h t h a t 

of ProiMle 5 at the v i l l a g e of B a t t a . From a 

point of view of t e x t u r e P r o f i l e 7 r e p r e s e n t s a 

c l a y s o i l r a t h e r than sandy c l a y . The f i g u r e s f o r 

c l a y at the s u r f a c e and at 25 cm., 3 5 . 4 $ and 33.0% 
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r e s p e c t i v e l y . T h i s r e l a t i v e l y heavy t e x t u r e i s 

only exceeded,••by red T e r r a Rossa s o i l a t P r o f i l e 9-

I t i s a l s o worth n o t i n g t h a t the s i l t f u n c t i o n of 

t h i s s o i l i s q u i t e high, r e a c h i n g a f i g u r e of 

20.6$ at 25 cm. I t i s a l s o n o t i c e a b l e t h a t t h i s 

p r o f i l e i s v e r y s l i g h t l y a c i d i c showing Ph.s which 

never r i s e above 6 . 9 . The s a t u r a t i o n percentage i s 

a l s o h i g h e r than p r o f i l e s considered p r e v i o u s l y , 

a f a c t which i s r e s u l t a n t upon the f i n e r t e x t u r e of 

the s o i l , The f i g u r e s f o r s o i l carbonates are 

again q u i t e low. 

The f i g u r e s f o r c a t i o n i c exchange 

c a p a c i t y range from 20.5 m/100 gms. at the 

s u r f a c e to 24 . 5 1/100 gms. at 25 cm. Calcium 

and magnesium are again the dominant i o n s , and 

t h i s f a c t together w i t h the low f i g u r e s of s o i l 

c o n d u c t i v i t y would seem to suggest t h a t sodium 

i s e a s i l y removed from the s o i l p r o f i l e . 

From the point of view of 
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t o t a l analysis i r o n and aluminium are a g a i n dominant. The data 
f o r the a v a i l a b l e n u t r i e n t s show t h a t n i t r o g e n i s only 
s p a r i n g l y present whereas phosphate was much more abundant 
than i n any other p r o f i l e s t u d i e s . T h i s i s probably due to 
the r i c h n e s s of the s o i l i n phosphate b e a r i n g m i n e r a l s r a t h e r 
than to any a d d i t i o n by f e r t i l i s a t i o n . The f i g u r e s f o r potash 
are average f o r the r e g i o n . 

P r o f i l e 8 - i s a s o i l w i t h a completely d i f f e r e n t p e d o l o g i c a l 

h i s t o r y , compared w i t h those p r o f i l e s d e s c r i b e d e a r l i e r . I t 

r e p r e s e n t s e s s e n t i a l l y an a l l u v i a l s o i l which i s developed i n 

the a l l u v i u m of a wadi bottom and i t has been designated as 

y e l l o w i s h brown a l l u v i a l s o i l on account of i t s dominant 

co l o u r . 

The a n a l y t i c a l data shows s e v e r a l i n t e r e s t i n g 

comparisons compared w i t h T e r r a Rossa s o i l s . T h i s i s by f a r 

the l i g h t e s t s o i l a c c o r d i n g to t e x t u r e which was met i n the 

f i e l d study. The sand f u n c t i o n i s as h i g h as 6 7 $ at the 

s u r f a c e and 66.4$ at 25 cms., thus g i v i n g the d e s i g n a t i o n of 

sandy loam. The f i g u r e s f o r t o t a l carbonate are a l s o h i g h 

being 3 0 $ at the s u r f a c e and 34$ at 25 cms. The f a c t t h a t 

these h i g h f i g u r e s are found i n such l i g h t t e x t u r e d s o i l would 

seem to i n d i c a t e t h a t there i s q u i t e a l a r g e i n f l u x of lime 

from the surrounding J e b e l . The Ph. i s s t i l l s l i g h t l y 

a l k a l i n e at 7 « 3 « Rather s u r p r i s i n g l y the f i g u r e s f o r c a t i o n i c 

exchange c a p a c i t y are the h i g h e s t so f a r met i n the a r e a , 

being 42 . 2 5 m.l / 1 0 0 grms. at the s u r f a c e and 3 8 . 5 m.l / 1 0 0 grms. 
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at 25 cms. T h i s i s probably due to the s l i g h t l y h i g h e r 
org a n i c matter s t a t u s of t h i s s o i l . Calcium and magnesium 
dominate the exchange complex much more than i n the T e r r a 
Rossa s o i l s and t h i s i s aga i n r e f l e c t i v e i n the very low 
f i g u r e s f o r the s o i l c o n d u c t i v i t y . 

From the point of view of p l a n t food elements the 

f i g u r e s f o r t o t a l n i t r o g e n are the h i g h e s t recorded d u r i n g 

the i n v e s t i g a t i o n . I t i s s t i l l low hoever, being 0 . 2 4 $ at 

s u r f a c e and 0 . 1 2 $ a t 25 cms. The f i g u r e s f o r phosphate are 

h i g h e r than average, but those f o r potash are r e l a t i v e l y low. 

T h i s i s r a t h e r s u r p r i s i n g on account of the i n f l u x of moisture 

which must occur. 

P r o f i l e 9 i s the f o u r t h example of a deep red T e r r a Rossa 

s o i l and shows many s i m i l a r i t i e s to those p r e v i o u s l y 

c onsidered. The s o i l i s sandy c l a y i n t e x t u r e and i n i t s 

upper h o r i z o n as w i t h other T e r r a Rossa i s almost completely 

d e c a l c i f i e d w i t h a Ph. 7 . 4 . The data f o r the c a t i o n exchange 

c a p a c i t y i s a l s o v e r y s i m i l a r to P r o f i l e 2 , and agai n c a l c i u m 

and magnesium are by f a r the dominant ions on the complex. 

Indeed the c o n d u c t i v i t y of t h i s s o i l shows t h a t i t has the 

lowest content of s a l t s of a l l the red T e r r a Rossa. The 

c o n d u c t i v i t y 0 . 7 7 millimhos/cm. a t the s u r f a c e and O . 63 

millimhos a t 25 cm. The t o t a l chemical a n a l y s i s a g a i n shows 

the importance of i r o n and aluminium i n the s o i l . From a 

point of view of a v a i l a b l e n u t r i e n t s the f i g u r e s 0 . 2 shows 

the s t r i k i n g d e f i c i e n c y i n n i t r o g e n and phosphate a l r e a d y 



171-

r e f e r r e d to, but the potash s t a t u s i s q u i t e h i g h f o r a T e r r a 

Rossa s o i l . T h i s i s probably due to the r e l a t i v e l y h i g h 

content of potasium b e a r i n g m i n e r a l s i n the sand f u n c t i o n . 

P r o f i l e 10 i s the only example f o r which: a n a l y t i c a l d a t a has 

been gained of the shallow phase of the red T e r r a Rossa group. 

I t c o n s i s t s of one metre of T e r r a Rossa m a t e r i a l which has been 

accumulated on the Middle Eocene limestone. Again the s o i l 

t e x t u r e can be c l a s s e d as sandy c l a y and a g a i n the s o i l 

m a t e r i a l has been r e l a t i v e l y d e c l a s s i f i e d . The Ph. of both 

the s u r f a c e and 25 cms. i s 7.1. Rather i n t e r e s t i n g l y t h i s 

p r o f i l e shows a h i g h e r s a t u r a t i o n percentage. The c a t i o n 

exchange v a l u e s are s i m i l a r to those deep T e r r a Rossas. 

Calcium and magnesium are a g a i n the dominant i o n s . The 

c o n d u c t i v i t y of the s o i l i s 0 . 8 4 millimhos/cm. at the s u r f a c e 

and O .69 millimhos/cm. at 25 cm. The sodium a b s o r p t i o n r a t i o 

i s a g a i n q u i t e low. 

From a point of view of a v a i l a b l e nutrienbs, a 

s i m i l a r p i c t u r e i s given compared to the T e r r a Rossa s o i l s . 

Nitrogen and phosphate are low and a r a l i a b l e potash i s average. 

I t seems t h e r e f o r e from t h i s examination of these chemical 

a n a l y s e s t h a t w i t h i n the top 25 cm. there i s v e r y l i t t l e 

s i g n i f i c a n t chemical d i s t i n c t i o n which can be made between 

the deep and the shallow phases of the T e r r a Rossa group. I t 

i s l i k e l y t h a t d i f f e r e n c e s would occur at depth, but 

u n f o r t u n a t e l y no a n a l y t i c a l data i s a v a i l a b l e . 
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P r o f i l e 11 i s an example of dark brown a l l u v i u m s o i l which 
i s developed i n a wadi bottom 8 kms. west of B a t t a . I t i s a 
sandy c l a y a t the s u r f a c e i n t e x t u r e and a c l a y a t 25 cms. 
and i t i s l i k e l y t h a t t h i s p r o f i l e shows a wide t e x t u r a l 
h e t e r o g e n e i t y . I t i s n o t i c e a b l y true too th a t the s i l t 
f u n c t i o n shows q u i t e s t a r t l i n g v a r i a t i o n s ' i n the top 25 cms., 
being 1 2 $ at the s u r f a c e and 2 4 $ lower down. I t i s a l s o 
i n t e r e s t i n g t h a t t h i s p r o f i l e has l o s t a l l i t s lime content, 
a v e r y i n t e r e s t i n g c o n t r a s t w i t h the a l l u v i a l s o i l of P r o f i l e 
8 . The Ph. however i s s t i l l s l i g h t l y a l k a l i n e . 

Calcium and magnesium are again the dominant ions 

on the exchange complex, and i t i s n o t i c e a b l e t h a t t h i s 

p r o f i l e shows the lowest c o n d u c t i v i t y so f a r examined; these 

are 0 . 6 2 and O . 85 millimhos/cm. a t the s u r f a c e and 25 cm. 

r e s p e c t i v e l y . 

The most i n t e r e s t i n g aspect of the a n a l y t i c a l 

data, however, i s t h a t which r e f e r s to the a v a i l a b l e n u t r i e n t 

s t a t u s . I t i s worth n o t i n g t h a t t h i s i s the only p r o f i l e 

which was not taken from a c u l t i v a t e d a r e a and i t i s the 

p r o f i l e which shows the most complete and s e r i o u s d e f i c i e n c y 

i n p l a n t food. At the s u r f a c e there were recorded 0 . 0 9 5 $ 

n i t r o g e n , 2 . 7 ppm f o r phosphate and 187 ppm of potash, at 

25 cms. the f i g u r e s were 0 . 0 8 4 $ n i t r o g e n , 3 . 9 ppm phosphate 

and 121 ppm of potash. These f i g u r e s i l l u s t r a t e the extreme 

poverty of the s o i l as a medium, f o r p l a n t growth. 
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S o i l - L a n d Use R e l a t i o n s h i p s 

From a point of view of a g r i c u l t u r a l p o t e n t i a l 

i n d i c a t e d by a s o i l p r o f i l e and s o i l a n a l y t i c a l data, a number 

of c h a r a c t e r i s t i c p r o p e r t i e s of the s o i l s can be l i s t e d and a 

b r i e f statement made on t h e i r e f f e c t s on p l a n t growth. From 

a point of view of the p h y s i c a l p r o p e r t i e s of the s o i l s i t has 

been a l r e a d y noted t h a t the s o i l s i n C y r e n a i c a have a 

moderately heavy t e x t u r e v a r y i n g from a range of c l a y , sandy 

c l a y , and sandy c l a y loam. The c l a y contents are f a i r l y high, 

i . e . up to 3 6 $ of the t o t a l m i n e r a l f u n c t i o n , but these 

r e l a t i v e l y h i g h f i g u r e s are g e n e r a l l y adequately balanced by 

a much h i g h e r sand content. Thus, the t e x t u r e s of the s o i l s 

are r e l a t i v e l y good from the a g r i c u l t u r a l point of view, and 

under favoured methods of c u l t i v a t i o n would be able to support 

q u i t e i n t e n s i v e land use. 

I n a d d i t i o n w i t h these moderately h i g h contents and 

given the r e l a t i v e l y h i g h contents of aluminium and i r o n 

content, the s t r u c t u r e of the s o i l a l s o has i n h e r e n t f a v o u r a b l e 

q u a l i t i e s . However, under the p r e v a i l i n g i n t e n s e Mediterranean 

c l i m a t e there i s a s t r o n g tendency f o r extremely hard and 

compact s t r u c t u r e s to foim d u r i n g the i n t e n s e period of 

d e s s i c a t i o n . The h i g h content of c o l l o i d s and s e s q u i o x i d e s 

i s l i k e l y to be h i g h l y a f f e c t e d by the c l i m a t e regime du r i n g 

the wet absorbent season and the s o i l s are l i k e l y to be 

absorbent i n moisture and v e r y s t i c k y w h i l s t d u r i n g the summer 

drought, they tend to break up i n t o extremely hard clods and 
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s o i l pans w i t h very obvious s i g n s of s o i l c r a c k i n g . With 

t h i s annual unfavourable change i n s o i l s t r u c t u r a l 

c h a r a c t e r i s t i c s i t can be imagined t h a t the problems posed 

f o r s o i l p r a c t i c e s are very g r e a t . I n p a r t i c u l a r the nature 

and timing of ploughing o p e r a t i o n i s c r i t i c a l f o r the 

production of a proper seed bed. I f the land i s worked when 

the moisture content i s hi g h the ground i s l i k e l y to be 

compressed and there w i l l be a tendency f o r l a r g e clods to be 

formed. On the other hand i t i s m e c h a n i c a l l y i m p o s s i b l e to 

plough many of these s o i l s d u r i n g the dry season when the s o i l 

i s compact and extremely i n d u r a t e d . Working the land a t t h i s 

time of the y e a r only produces v e r y s t r o n g blocky u n i t s of a n 

i r r e g u l a r s i z e . The important point to emphasise here i s t h a t 

under the p r e v a i l i n g c l i m a t i c regimes the s o i l s t r u c t u r e s are 

extremely unfavourable to a g r i c u l t u r a l management, and under 

the p r e v a i l i n g a g r i c u l t u r a l technique there i s always a s t r o n g 

temdency towards a s t r u c t u r a l degradation. T h i s unfortunate 

c o n d i t i o n as regards p h y s i c a l f e r t i l i t y i s ve r y widespread i n 

the a r i d zones of the Middle E a s t and deserves much more 

a t t e n t i o n i n s o i l c o n s e r v a t i o n . 

One point t h a t has to be remembered i n t h i s r e g i o n 

as i n most of the Middle E a s t i s t h a t most s o i l s have been 

u t i l i s e d f o r m i l l e n n i a and the p r o c e s s e s of degradation, 

e s p e c i a l l y those a s s o c i a t e d w i t h the r e d u c t i o n of or g a n i c 

matter and the consequent e f f e c t on s o i l s t r u c t u r e and t e x t u r e , 






































































































































































































































































































































































































































































































































































































































































































































































































