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GEOTHERMAL PROSPECTS I N THE DJIBOUTI REPUBLIC

Abdou

ABSTRACT

Geothermal I n s t i t u t e
Unive r s i ty of

Four major areas wi th geothermal p rospec t s have been
found i n t h e Dj ibou t i Republic. One of t h e areas is
t h e Assal an a c t i v e r i f t a s s o c i a t e d wi th
present- day volcanism; t h e r i f t c o n s t i t u t e s t h e w e s t-
ward e x t e n s i o n of t h e Gulf o f Tadjoura Rift. The
o t h e r major areas are a s s o c i a t e d depres s ions
bounded by a c t i v e f a u l t s p a r a l l e l t o t h e Assal Rift.

The f i r s t exp lo ra to ry w e l l d r i l l e d in t h e Assal R i f t
w a s a d i scove ry w e l l ( h e a l - 1 ) which produced h o t
b r i n e . It is l i k e l y t h a t o t h e r b r ine systems a l s o
occur in t h e Assal R i f t . Deep exp lo ra t ion d r i l l i n g
w i l l commence soon in a n o t h e r geothermal area, t h e
Hanle area, t o f i n d ou t whether ho t water
b r i n e ) sys tems e x i s t which might be more s u i t a b l e f o r
e lec t r ic power generat ion.

INTRODUCTION

D j i b o u t i Republ ic (23,000 is s i t u a t e d i n t h e NE
p a r t of A f r i c a on the Red Sea; i t h a s a common border
w i t h E t h i o p i a and t h e Somali Democratic Republic. It
h a s a popu la t ion of about 0.45 mil l ion .

The coun t ry has mountainous r e l i e f , two t h i r d s are
covered by vo lcan ic rocks and Quaternary sediments .
Volcanic rocks are mainly b a s a l t s toge the r w i t h
r h y o l i t i c rocks , p y r o c l a s t i c s , and t r achy te s . Only
i n t h e sou the rn p a r t of t h e coun t ry , near A l i Sab ieh ,
one f i n d s ou tc rops of sedimentary rocks of J u r a s s i c
(Kimmeridgian) and probably Cretaceous These
rocks c o n s i s t of compact sands tones , which c o n t a i n
about 90% of q u a r t z , massive l imestones , s i l i c i f i e d
l imes tones and

The t e c t o n i c s e t t i n g of t h e country is a f f e c t e d by
t h r e e major t e c t o n i c s t r u c t u r e s a s s o c i a t e d with:

a c t i v e f a u l t i n g ( s e p a r a t i o n ) i n t h e Gulf of Aden,

2)
3) a c t i v e f a u l t i n g ( s e p a r a t i o n ) i n t h e Afar

a c t i v e ocean spreading of t h e Red Sea, and

Depress ion, a n ex tens ion o f t h e Eas t Af r i can
R i f t .
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Tectonism, volcanism and geothermal zones i n D j i b o u t i

The S e p a r a t i o n o f t h e con t inen t and t h e
Arabic Pen insu la s t a r t e d i n t h e Eocene which c rea t ed
bo th t h e Red Sea and of M e n and i ts west-

ex tens ion , t h e of Tadjoura ( s e e F i g 1).
This s e p a r a t i o n can be exp la ined i n terms of a t r ans-
l a t i o n and a n anti- clockwise r o t a t i o n of t h e Arabic
Pen insu la w i t h r e s p e c t to the Afr i can con t inen t . The
d i r e c t i o n of t e c t o n i c  f e a t u r e s  caused by s e p a r a t i o n
is f o r t h e Red Sea and about E-W t o
f o r t h e Gulf of M e n and t h e Gulf of Tadjoura ( see
Fig 1). The t e c t o n i c f e a t u r e s caused by t h e separ-
a t i o n of t h e Eas t Africa R i f t Val ley is about
SSW. A l l t h e s e d i r e c t i o n s can be recognised in t h e
t e c t o n i c map of D j i b o u t i (see Fig 1 and F i g 2)
a l though a gene ra l NW-SE s t r i k e d i r e c t i o n appea r s t o
be dominant i n t h e W p a r t of t h e country where most

of t h e geothermal p rospec t s are l o c a t e d (see Fig 3).

Analys is of seismic d a t a i n d i c a t e t h a t t h e c r u s t
beneath D j i b o u t i i s th in . has in t ruded t h e
c r u s t a long t h e axis of s e p a r a t i o n i n t h e Gulf of
Tadjoura and also. f u r t h e r t o t h e vest. The most
r e c e n t b a s a l t i c f i s s u r e e r u p t i o n occurred a t
Ardoukoba (nea r Lake Assal) i n November 1978.

There are a t least l a r g e r and smaller areas with
geothermal p rospec t s , namely:

1. Lake Assal area, (wi th t h e s e p a r a t e a r e a of
Allol- Sakolol i n t h e and t h e Goubbet
area i n t h e E),

2. Gaggade area,
3. Hanle area and
4. Lake Abbe area.

Areas wi th smaller geothermal man i fe s t a t ions are:

Arta,
6 . Dorra
7. Tadjoura, and
8. Obock.

The f o u r major a r e a s are a s s o c i a t e d with depress ions
i l l e d by recen t sediments and sa l t depos i t s .

Common s u r f a c e man i fe s t a t ions are ho t s p r i n g s and
fumaroles ; t h e i n t e n s i t y of v i s i b l e a c t i v i t y
is i n d i c a t e d i n Table 1. Most geothermal a r e a s have
been exp lo red e i t h e r by reconnaissance surveys o r by
more d e t a i l e d surveys. The presen t s t a t e of
e x p l o r a t i o n is summarised i n Table 1. Geothermal
e x p l o r a t i o n by the Bureau de Recherches
e t France) w a s s t a r t e d in 1970 i n the
Lake Assal a r e a . A reconnaissance survey of a l l
o t h e r thermal p rospec t s l i s t e d i n Table 1 was under-
taken i n 1980 by AQUATER ( I t a l y ) and t h e Dj ibou t i
S c i e n t i f i c Research I n s t i t u t e (I.S.E.R.S.T.).
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1: Tectonic structure of t h e Gulf of Tadjoura and surroundings

F i g . 2 : - of D j i b o u t i ( t a k e n from H . J . (Ed.)
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Table Presen t s t a g e of e x p l o r a t i o n and i n t e n s i t y of s u r f a c e mani fes t a t ions
of geothermal p rospec t s in D j i b o u t i
of each survey is i n d i c a t e d by c r o s s e s )

( t h e degree of coverage o r d e t a i l

EXPLORATION STAGE

Area
Explor.

Geology Geophys.

la Lake Assal

Allol- Sakalol

N Coubbet

2 Caggade Area

3 Hanle

4 Lake Abbe

5 Arta

6 Dorra +
7 Cadjoura +
8 Obock

+

+
+

+

I n 1975 deep exp lo ra to ry wells were d r i l l e d
t h e Lake Assal a r e a vh ich w i l l be d i scussed i n more
d e t a i l below. An e x p l o r a t o r y h o l e of i n t e r m e d i a t e
d e p t h was d r i l l e d i n 1981182 i n t h e Hanle Area
where deep d r i l l i n g w i l l commence i n November 1984.

The Lake Assal - N Goubbet geothermal province

As c a n be seen from Fig t h e Lake Assal area,
t o g e t h e r wi th i t s ex tens ion , Allol- Sakolol , and

E ex tens ion , t h e Coubbet a t Kharab Bay, forms t h e
largest geothermal prospect area in D j i b o u t i . The
a r e a is b i s e c t e d by the Assal R i f t whose a x i s s h i f t e d
from a n E-W trend i n t h e North Coubbet area t o a

t r e n d i n the Lake Assal a r e a . The h s s a l R i f t
o c c u r s w i t h i n a t h i c k sequence of P l iocene
Trapp b a s a l t s vhich have been cracked i n t h e a x i a l
p a r t of t h e r i f t vhich is a l s o a s s o c i a t e d v i t h a c t i v e
volcanism and v i t h s e i s m i c i t y . Arching of t h e r i f t
has taken p lace , presumably as a r e s u l t of s h a l l o v
magma i n t r u s i o n . The Assal R i f t shows s i m i l a r i t i e s
t o f e a t u r e s commonly observed over oceanic sp read ing
c e n t r e s .

The r i f t s tar ts i n the s h a l l o v , 20 long Coubbet
Kharab Bay and sv ings t o t h e towards Lake Assal
which l ies a t p resen t below sea l e v e l . Lake
A s s a l is separa ted from Coubbet Bay by a km long
s i l t s t r i p v i t h recent volcanism (Ardoukoba e r u p t i o n
in 1978) .

A s s a l Lake is t he lowest po in t of the Afr i can con-
t i n e n t . It is now f ed by s e a water which moves
towards t h e l a k e along f r a c t u r e s i n the a x i a l s t r i p
of t h e Assal R i f t . Th i s i n f i l t r a t i o n , ba lances in
p a r t t h e l a r g e evapora t ion tak ing
p l a c e a t Lake Some groundwater might a l s o
d r a i n i n t o Lake Assal ; i t has been p o s t u l a t e d t h a t
most groundwater t o the W of Lake Assal is supp l i ed
by i n f i l t r a t i o n from t h e Awash River vhich te rmina tes
in Lake Abbe. Recharge of most major thermal pros-
p e c t s might be a s s o c i a t e d wi th t h i s

r e g i o n a l groundwater flow from Lake Abbe t o
t h e Tadjoura. I n f i l t r a t i o n by meteor i c
w a t e r s is probably n i l , a l though some n e t i n f i l -
t r a t i o n might occur in t he mountainous a r e a s f u r t h e r
t o t h e nor th .

The A s s a l Region is p o t e n t i a l l y the most important

€ o r geothermal development s i n c e a geothermal
r e s e r v o i r b e e n discovered h e r e , b u t

r e sources represen ted by the
and

SURFACE
MANIFESTATIONS

Springs
Hot

+
+

+
+

+
+
+

+
+
+

around t h e lake. Lake Assal covers about 50 t h e
b r i n e making up t h e l a k e i s almost s a t u r a t e d v i t h
r e s p e c t t o minera l s (mainly t h e maximum depth
of t h e l a k e A salt l a y e r , about 60m t h i c k ,
lies t o t h e of t h e l a k e and covers a n area of
about

20 t o t h i c k l a y e r o f gypsum of pure q u a l i t y
occurs a t t h e margin of t h e sa l t l a y e r and is
s u i t a b l e f o r e x p l o i t a t i o n .

Geothermal of t h e Lake Assal area was
s t a r t e d 1970 by BRCM and l e a d t o t h e d r i l l i n g of 2
deep e x p l o r a t i o n wells i n 1975. Well Assal-1 v a s a
d i scovery v e l l , t h e important d a t a f o r bo th w e l l s are

i n Table 2.

Table 2: Summary of e x p l o r a t o r y wells and
Assal-2

T o t a l Max.
Well dep th temp. S a l i n i t y

1146 258 135 128

1554 0

Assal-1 w e l l was t e s t e d dur ing one week i n 1975, the
mass f l o v of 135 c o n s i s t e d of a mixture of steam
and b r i n e ; t h e steam rate was e q u i v a l e n t t o 1 .5
t o 2 Fur the r i n the Lake Assal prospect
vas s t a r t e d aga in i n 1980 by BRGM v i t h support
from

The prospect has been o u t l i n e d i n g r e a t d e t a i l
1983) by geophys ica l methods

( e l e c t r i c , m a g n e t o t e l l u r l c , g r a v i t y and magnetic 
su rveys ) . I t appear s t h a t both deep wells were
d r i l l e d near the edge of a geothermal r e s e r v o i r w i t h

ly ing i n s i d e and o u t s i d e the rese r-
v o i r . The power p o t e n t i a l of the f i e l d v a s est imated
t o be of t h e o rde r of 300 i f thermal f l u i d s can
be economical ly . Experience i n t he

Area (USA) has shown t h a t product ion hot
b r i n e s w i t h a m i n e r a l i s a t i o n s i m i l a r t o t h a t of

be maintained i f proper al lowance f o r

is
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Thermal manifestat ions

Areas with geothermal prospects

Fig 3: Areas with geothermal prospects i n the Republic of Djibouti
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Energy demand and p o s s i b l e r o l e of geothermal

E l e c t r i c i t y i n D j i b o u t i i s p r e s e n t l y
provided e n t i r e l y by d i e s e l power p l a n t s , t h e
produc t ion was 119 i n The c o u n t r y

depends on imports t o
p r e s e n t energy demand; t h e f u e l b i l l for

e l e c t r i c i t y was i n
p r e d i c t e d t h a t  t h e  demand for e l e c t r i c i t y w i l l r each
about by t h e year 1990, and 500 by

y e a r Cost of imported f u e l w i l l t h e r e f o r e
i n c r e a s e and prov ide an f o r t h e
count ry .
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