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ABSTRACT 

The highest amount of energy dissipated by the earth system is located along the mid oceanic 
ridges system. There are only two places 'on the planet earth where these spreading axes occur 
above sea level: Afar and Iceland. 

The double fossil fuel crisis (resources limitation for oil and climate change induced by 
greenhouse gas emissions) obliges the humanity to develop alternative renewable energy 
sources when available. Globa1isation of the economy will facilitate the development of 
energy intensive economic activity at any site where renewable energy sources will be 
available at a competitive price. Especially jf such sites are located near to the sea (shipment 
facilities). 

Like ill Iceland, many sites in the Afar region (found in Ethiopia, Eritrea & Djibouti) display 
favourable conditions for geothermal energy development: 

shallow energy sources due to thin lithosphere, anomalous shallow hot mantle and 
superficial magma chambers; 
fractured aquifers due to tectonically active zones where several faulting systems occur; 
Hydrothermal reservoir developed thanks to favourable alterations sequences ("wet" 
minerals in the cover, "dry" minerals in the geothermal aquifer. 

In addition to scientific and technological knowledge, to be developed by transfer of know­
how, the major need is for education of local population in order to allow them to benefit 
from economic development and take part to this huge challenge. 

1. INTRODUCTION 

Oil and gas resources are limited, and we will have to face the "peak oi)". Besides this, the 
climate change issue obliges the humanity to revise drastically its development model based 
t III r~l!,jd l'.\tractinn of fossil energy resources. There are not so many alternative energy 
'>\ lUI ;.\ .. '\. a 11li gel )llIcrmal is among the most convincing solutions. 
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Under the pressure of oil & gas prices and related risks, as we1l as an answer to the C02 issue 
eCIiInate Change Convention and further steps to the Kyoto Protocol) the world economy will 
relocate all energy intensive activities in areas of production of clean and renewable energies 
at a competitive price. 

2. GEOTHERMAL ENERGY: A PRIVILEGED SOLUTION 

High enthalpy geothermal energy is one of the solutions. The major limitation to its 
development is that only favourable sites can be developed in economic conditions. In facl. 
the economy of geothermal energy relies upon two major parameters: 

the earth heat flow, controlled by geodynamic location, which determines the geothermal 
gradient and hence the depth of the target, i.e. a major cost constraint; 

The penneabiJity of the reservoir, which can be obtained by rock permeability and/or by 
fracture systems. In volcanic contexts, besides fractures, permeability is mainly controlled 
by hydrothermal alteration sequences. 

environment determine 
resource 

• 60 a 100 mWfm2 in stables zones 
(i.e. 60·100 I<WiKm2) 

• at leal t(;I1 times mOle in lones 
(i.e. of the order of 1'1f1W;K1il2j 

of 

Figure 2: plate boundaries are the areas where both active magma tic ami tectonic systems dcvt'lop 
favouring the occurrence of geothermal sites. 

Such conditions are found along plate boundaries. In areas located along sub ducling plates, 
geothermal sites are found in specific spots where central volcanic activity developed for a 
sufficient time. Along diverging plate boundaries (rift systems) the alllount of heat dissipated 
is much higher and hence geothermal sites more frequent. 

It is a fact that. at the Earth surface, rift systems, and more specifically oceanic type rift 
systems allows the development of both these characteristics ill extremely ravourahle 
conditions. It is a pity that most oceanic rift systems are round in the deep ocean, with the 
noteworthy exception of two areas in the world: Ice!and and Afar. This is a chance which has 
to bl~ met. 



3. THE TWO WORLD MOST 
GIFTED AREAS 

In the north, Iceland has already 
developed an economy based on 
geothermal energy uses: the needs of 
the country in heat· and sanitary hot 
water are covered by geothennal 
energy sources, and the electricity 
demand in the country not only serves 
domestic needs but also allows the 
increasing implementation of energy 
intensive industries, such as 

aluminium sm~lting. 

There is no reason why. in 
the south, the Afar region 
(i.e, the lowlands of 
Ethiopia, Eritrea & 
Djibouti) could not 
encounter a similar 
development in the 
coming decades. It IS 

notably just as well 
located in terms of 
proximity to sea transports 
and ports facilities. and if 
the climate is at the other 

extreme, this may be balanced. 
Figllr~ J. :\Iid on~:mk ridges arc the places where the highest 
thermal heat flow (10 limes higher than a",cragc) is dissipated on earth 

Figlln' -I: lhe two emerging segments of the mid 
()('l'anh: ridgl' systl'm: Inland and Afar 

4. AFAR COMPARED TO ICELAND 

Compared 10 Iceland, Afar display a few 
specific geological differences that need 
to be taken into account: 

Afar is at an earlier stage of oceanic 
rifting. If basaltic axial ranges similar 
to MOR are found in central Afar 
(South Erta Ale, Manda Harraro) and 
in Djibouti (Asal). as shown by 
F,Barberi & J.Varet (1977. 1978). all 
stages of geological evolution from 
continental doming to oceanic 
splitting are observed (Barberi & all.. 
1970, 1(72). 

:\ Ll1 i~ an arL'U l)f triple jUllction. between continental ri fts (the east African rift) and an 
l)l'I.::miL' ridgL' (TIlL' Red Sca - Gulf of Aden iv10R). 

thL' SL'~I(,L'it: of !1,'lc()I";{ic \\a(cr ill Afar. restricting the re-filling of the natural geothermal 
s \ s ll' 111 S : 
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the composition of fluids, more salty and hence corrosive and depositing secondary 
minerals; 

Figure 5: Afar display all stages of rifting from 
Continental doming to Oceanic splitting 

Aie range) 

Figure 6. A typical Oceanic ridge structure: south 
Afar, Erta- Ale Axis range (Barberi & Varet,1970) 

Nevertheless, Afar displays volcano-tectonic 
features characteristics of mid oceanic rift 
systems. This was shown itt the years 1970 
on the basis of geological observations as 
well as petrological and geochemical 
analysis and interpretations. Since then 
several tectonic events, with opening of large 
fissures along axial rift axis measured in the 
field or by satellite, have confirmed the 
reality of this geometry of the spreading 
system. 

Figure 7. Three major rifting events occurred ill 
with the opening of several meters large .-in 
with length of tells or kilometers 

S. PROPOSAL FOR A GUIDE TO GEOTHERMAL EXPLORATION 
Favourable sites for high enthalpy geothermal development need the simultaneous occurrence 
of the following parameters: 

a high heat flow, linked with either a very shallow anomalous mantle or to a superficial 
magma chamber; 
a highly fractured area, allowing a good permeability of the reservoir; 
the refilling of the reservoir by meteoritic water or sea water, or the combination of both; 
the development of a mineralised hydrothermal systcm. 

Figure 8: Two of the key parametcrs for the 

In the context of Afar, such sites will develop 
in areas of junction bctwecn thc axial rallge~ 

and the transverse tectonic systems. As 
described by Barberi & al. (1<J70), transform 
faults are not observed in Afar, hut olle ohsl'rvl' 
"en echelon" emissive fissure systcill'> a~ 
descrihed in Iceland. Ncverthele~s. as SllOWIl 

by Tapponier & Yaret (I <)74) and prcci'>l'd hy 
Barberi & Yard (1977), large ohl iqllc fracture' 
,systems, frequently definc thc surfacc 
exprcssion of a tran~form fault I i Ilk j Ilg 1 \\'0 

dcyclopment of a high enthalpy geothermal site ( J.varct, UH.G\J, 1980). 
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distant axial ranges. This allows the interpretation of focal mechanisms of earthquakes, such 
as the Sardo event. 

Crossing ( .. ulls "" ff()quent differentiated central 1I01""no 
flnd/Cr,' h~~~'?th~rrnn:1 z.onu 

Geothermal sites :0 o 

Figure 9: Near to lhe terminatioll of' axial ranges, 
A transvcrse faulting is frequcntly observed, as a 
Surface expression of the transform fault. 

L-__________________________ ~ 

6. IDENTIFICATION OF POTENTIAL 
SITES FOR GEOTHERMAL 
DEVELOPMENT 

Applied to Afar, this guide for 
geothennal exploration allows defining 
the following sites (in Ethiopia, except if 
mentioned otherwise): 

Alid (Eritrea), Dallol, A frera, Boina, 
Tendaho, Abbhe, Asal (Dj ibouti) and 
North Ghoubbet (Djibouti) 

Figure W: (;l'ulogical mal) of central Afnr (Varet at aI., 1978), with potential geothermal sites. Tendaho is 
.. I I'n'scn( the ollt~· l'(ml'irmed l'olUmerciul geothermal site ill Afur. 

:\nli)t1~ theSl' ~ik'. the two sites located at the two extrelnities of Manda Harraro Axial 
ibll~l·. \\ hiclt is tIlL' mt>st "oceanic like" in terms of volcanology, petrology and geochemistry. 
l \', Bqina and TelHJalw are cerlainly the most promising geothermal sites in Afar, as they not 
\ lilly di"play Ilk.' mnst efficient heal source and fractured reservoirs. but also the most efficient 

-,---------------------------------' 

fe.eding from meteoritic water from the 
Awash and Mille basins fed by streaming 
waters from the Ethiopian plateau. 

7. ADDITIONAL OPPORTUNITIES 

In addition to these sites located inrypical 
"oceanic ridge" conditions, there are also, 
sites located within or near to central 
volcaJlic systems developed locally either in 
continental rifting systems (South Afar) or 
along transverse structures. This is notably 

t i:.r, 1tI: Buill" IlIll'aning "('umaroles" in Afar language) is a geothcrmul site loc .. led near to •• per alk~llille 
... ili .. h: \ "kauk l'l'lltn', -itsl'lf dl'\'l'loPl'd alHng thl' tranSH'rsc structure linking Alnyta und Manda Harrnrn 
iI,ial rall~~'" 
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the case of PietTe Provost massif (Ma'alalta. at the foot of the Tigrinian scarp in Ethiopia) and 
of the Dobbi-Bidu volcanic system (south of the "Danakil alps" in Eritrea). 

Afar 
Geodynamic 
Context 
( micro-plates 
Boundaries) 

(F.Barberi et 
J. Va ret) 

Revisiting 
o potential 

geothermal 
sites 

Figure 11: Potential sites suitable for high enthalpy geothermal development in Afar, located in their 
geodynamic context (defined by Barberi & Varet, 1977, 1978) 

8. CONCLUSION 

Of course, the Afar region suffers from a few constrains, quite different from Iceland: 
the cultural context, with a lack of Earth science specia1ists, and an insufficient concern of. 
the;popuiation and the decision-makers forrenewable energy; 
a less favourable economic context, with a lack of communication, industrial, ano 
financia1 infrastructures. 

But such apparent -difficulties can be solved with appropriate technical measures, local 
cultural changes, and favourable regionu·) anQ international decisions. In the future, the world 
economy will rely upon the most favourable renewable energy sources, and as it has to he 
used on the site of production, the industry will relocate on the best spots. On the basis of 
geological exploration work can"jed out years ago, we will show that the: Afar regioQ just 
like Iceland - can offer several tens of sites suitable for the development of very slgniHc.anl 
geothermal power plants. . ... , 

This is a subject for a wide and long-lasting joint European and African. aption, includihg. 
education, R&D, new explotatfon works~ feasibility studies, transfer of know-how llno 
industrial & financial investments. The Humanity was born in Afa(, and it cc>uw also -be there 
that. after having exhausted -oil and -gas reserves, she wi;H find new energy re~9Iirc~sl:or her 
future. -. 
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