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ETHIOPIA:  
 ~125 million people, 

 86 Ethnic groups, 

 1.1 million km2 

 Moderate temperature (5 

– 30 ºC) except Afar 

 Rainfall:  850 mm/y 

 Ancient nation (> 3000 

years) 

GENERAL INTRODUCTION 
The oldest standing structure in Sub-Saharan Africa 

ቤተ-መቕደስ የሓ/  

   Yeha Temple 

      800 BC 

From the  
trachytic plugs  
of the area 
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Rock hewn churches 
 A rock church 

curved from 
welded 
pyroclastics, 

 A three-story 
church, 

 Built/ curved 
in the late 12th 
and early 
13th century 
from a single 
monolithic 
rock. 
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GENERAL INTRODUCTION 

Huge mineral 

resources:  

 Gold & base metals 

 Industrial minerals 

 Dimension stones 

 Gemstones 

GEOLOGY  Ethiopia is home to 

highly diversified rock 

formations 

 Volcanic rocks and Quat. 

sediments (~56%) 

 Mesozoic sedimentary 

rocks (~26%)  

 Basement  rocks (~18% 

of the country)  
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INTRODUCTION TO CONTINENTAL RIFTING 

 East African Rift 
System (EARS) is: 
 extensional 

continental structure 

 Syria – Mozambique 
extending ~6000 km.  

 The EARS provides:  
 far-field stress & 

  plume-driven 
continental rifting; 
and 

  evolution of 
segmentation as 
continental rifting 
progresses to seafloor 
spreading
 (Furman et al., 2004)  

Tesfaye et al., 2003 

PLUME 



EVIDENCE: 

 Similar eruption history and 

composition on both plates 
10 
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... 

 Similar shore line geometry,  

 Fossil evidence, and  

 Syn-rift sediments  



EVIDENCE: 

 Similar eruption history and 

composition on both plates 
11 

AFRICAN PLATE  

THE EHIOPIAN LANDMASS:…. 

... 

 Similar shore line geometry,  

 Fossil evidence, and  

 Syn-rift sediments  



12 

The driving force that 

regulate the  morphology of 

the earth’s surface is the 

convection of the mantle: 

mantle dynamic. After 

Silver et al. (1988). 

MANTLE DYNAMICS 

• The world’s most 

active hot spots? 

• Afar is located 

directly opposite to 

the Hawaiian hot-

spots: TECTONIC 

POLE 

 

Outer 

Inner 

Core 
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The Afar mantle 
plume: 

 During the 
Oligocene – 
Up-doming 
and volcanism 

 Miocene: 
Rifting and 
subsidence 

 Formation of 
Afar 
Depression 

 Development 
of marginal 
basin 

Mantle Plume 
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TECTONIC SETTING OF THE AFAR DEPRESSION 

 It is a triangular-shaped Depression….. 

 Elevation drops from 4000 m a s l to ~120 
m b s l. 

 Early Miocene– to early Pliocene syn-rift 
Red-bed series and lacustrine sediments 
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 The deposition of shallow water lst, 
marine clays, and submarine volcanoes 
indicate that: 

 large area of the DD was once 
covered by marine environments for 
at least some part of Miocene time. 

 

 

Hagos 2011 
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 The deposition of shallow water 
limestone, marine clays, and submarine 
volcanoes indicate that: 

 Large area of the Danakil Depression 
was once covered by marine 
environments for at least some part of 
Miocene time. 

 

 

Hagos 2011 



 The Sub-Aerial  Oceanic curst--DALLOL 
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… the beauty and the danger seem to go together!   

... “fire wind” what the natives call the sweltering sandstorms 

which feel like a tornado in an oven 

21 THE ETHIOPIAN LANDMASS:….... 
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One of 15 of the world„s most colorful 

landscapes 

http://edition.cnn.com/2014/12/25/travel/gallery/world-most-colorful-landscapes/ 

20231126_095122.mp4


Traditional Salt Mining: Dallol Depression 
 There is no clearly defined time 

frame:  

 when the tradition of hacking salt 
slabs from the earth's crust and 
transporting them by camel 
started.  

 But it has been a practice for several 
centuries. 

 Salt has been mined and transported 
with camels “camel caravans“ for 
several hundred km. 

 With the construction of a road to 
the area, the traditional destination 
of the camel caravan has been 
shortened.  

Geology & Geoheritage 23 

 The camel caravans traveled 
only  40 km (from Dallol to 
Berahel), which was previously 
from Dallol to Mekelle and 
even beyond. 

 Now Dallol has been 
connected with Mekelle by 
level-one asphalt road and the 
fate of camel caravans and 
traditional salt mining is 
questionable. 
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Mining Phase 

Processing Phase 

Loading 
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Mining Phase 

Processing Phase 

Loading 

Transportation (Camel Caravan) 



The Volcano-Tectonics of Erta‘Ale 
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Hagos 2011 
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The Erta‘Ale Shield volcanoes (Gada‘Ale) 

 There are plenty of 
things to see and do in 
Ethiopia,  

 But visiting the Erta’Ale 
is a single reason to be 
there. 

 Multiple shield 
volcanoes of Erta’Ale, 
occupying most of the 
depression floor.  

 Maar and ring structures 

Tuff Ring/ Scoria cones 



The Erta‘Ale Shield volcanoes (Active lava-lake) 

 The Erta‘Ale lava lake: 

 It has been permanently 
active (~120 years) 

 Dynamically changing 
its intensity 

 The contraction and 
expansion .... 

 It is the most frequently 
visited site in Ethiopia.  
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Photograph of the Erta’ Ale showing the 

lava lake with an elevated rim (Nov. 

2020. Source: Google images).  



 
 The larger the magma 

chamber, the larger is the 
thermal resource, which is a 
measure of the amount of 
economically useful energy.  
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1200°C 

Smooking crater 

Geology & Geoheritage 
Davies et al., 2011 



 The magma dynamics at the Erta’Ale crater is a model of plate tectonics: 
Mid Oceanic Ridges (MORs) and Subduction Zone (SZ) 

Geology & Geoheritage 30 
Photo: Miruts 2016 
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The Dabbahu Mega-dyking Episode 

 Sea-floor spreading is a very slow process, 
 5 cm – 18 cm /year 

 But, there are sporadic events that 
accelerate the rate: 

 The Afar dyking/rifting episode: 
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 Ruptured the floor up to 60 km long and 
8 m wide in a single day, 

 This is one of the mega-tectonic 
structures in a rift system. 

 

 

Hagos 2011 



Dyke swarms and open fractures 
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Dyke swarms and open fractures 
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Dyke swarms and open fractures 
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The Afar Anthropological Site 

 The Afar Depression 
in general and 
northern Afar 
/Danakil Depression 
has many potential 
sites for Geo-
heritage: 
 The central Afar is 

home of ancient 
hominids 

37 

LUCY… well 

known to the 

paleo-

anthropologists! 

 

Human being! 

Where all began 

Just at 3.2 Ma 

Geology & Geoheritage 

 It is a rarely visited place but absolutely 
extraordinary in many ways.  
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 French geologist, Maurice Taibe, discovered the Hadar Formation of Afar.  

 Donald Johansen, Anthropologist 



The Afar Geoheritage ..... 
 Selam: the 2nd femal 

hominin,  

“Australopithecus 
afarensis”, whose bones 
were first found 
in Afar in 2000 
nicknamed Lucy's 
baby, the specimen 
has been dated at 3.3 
million years ago. 
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SELAM… 

features of the 

skeleton 

suggest 

adaptation to 

walking 

upright 

(bipedalism) 

as well as 

tree-climbing, 

Geology & Geoheritage 

 It is rarely visited place but absolutely 
extraordinary in many ways.  

 Zeresenay Alemseged, 
Anthropologist 
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ETHIOPIA:“AFRICA’S WATER TOWER”  

 Ethiopia receives high 
amount of rainfall (850 
mm/year) over a vast 
area.  

 Because of the high 
precipitation volumes 
that land on its 
highlands,  

 it discharges about 
45- 50 billion m /y 
or 50 % of its water 
to the neighboring 
countries and 
beyond.  

Gebrehiwot & van der Veen, 
2013 

https://www.fao.org/4/W4347
E/w4347e0k.htm   

3 
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Source: https://www.brilliant-ethiopia.com/regions/blue-nile-falls 
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Source: https://www.brilliant-ethiopia.com/regions/blue-nile-falls 
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FUTURE OF THE ETHIOPIAN/ AFRICAN LANDMASS 
(Summary)  
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 The depth of magma chambers beneath the Afar Depression is very shallow, 

 Volcano-tectonic activities take place at shallower depth (2 – 5 km deep) 



THE ETHIOPIAN LANDMASS:….... 44 

Miocene (12 Ma) Pliocene (4 Ma) 

Present 
Future 

“The present is the key to the past”                      “James Hutton”  

 By observing the 
geological activities 
at present, 

 We can reconstruct 
the past.  

 

 

 We can also predict 
about the future, 

 

 

“The present is the 
key to the past and 
the future as well”  
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 Crust is very thin beneath 
Afar, about 14 km, 

 Crustal stretching or 
spreading rate is 
sporadically very high, 

 Afar Depression is found 
at the opposite pole of 
Hawaii: TECTONIC 
POLE  

 All its nature is closer to 
ocean basin than 
continental surface, 

 So …….. 
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 So “the birth of a new 
ocean and the splitting 

of Africa into two or 
more plates” is 

imminent!! 
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