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Abstract 

The Ethiopian Rift Valley, which cuts the uplifted Ethio-Somalian Plateau, 
is one of the most impor tant  s t ructures  of East Africa, and nevertheless it is 
still largely unknown.  

A prel iminary 1/500,000 geological map as well as volcanological and petro- 
logical descriptions of an important  part  of this s t ructure are presented. 

This part  of the Ethiopian Rift Valley is marked by a set of NNE-SSW 
normal  faults. ,, En 6chelon ,, arrangements ,  ill't-in-rift structures,  asymmetry  
and open tensional fissures are its most impor tant  tectonic features. The 
region has been affected by volcanism since Eocene in the neighbouring 
Plateaux and since probably Pfiocene within the Rift, with fissure eruptions 
and growth of individual volcanoes. Non-volcanic rocks consist exclusively of 
lacustrine sediments.  Magmatic products on both Plateaux are represented 
mainly by huge piles o[ basaltic lava flows, whilst within the Ri[:t most of thc 
volcanics are widespread ignimbrit ic units.  

The presence of such large amount  of ignimbri tes  can easily explain some 
impor tant  volcano-tectonic collapscs which produced largc regional calderas. 
Although still insufficient, the available petrological data suggest that the Pla- 
teau basalts have more alkalic character  than those within the Rift, which 
show a transit ional nature  between alkali basalts and tholeiites. In termediate  
rocks seem to be scarce and most of the silicic products are monotonously  
represented by peral kaline rhyolites (mostly pantellerites).  

The genesis of the peralkaline silicic rocks might be related to the presence, 
along the Rift axis, of a huge basic igneous body recently discovered by a 
geophysical investigation. This could explain the presence of large volume of 
these rocks within the Rift, although the apparent  scarcity o[ in termediate  
rocks remains unexplained. 

* Present address. 
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R 4 s u m ~  

La Rift Valley d'Ethiopie qui recoupe le Plateau Ethio-Somalien est une 
des plus importantes structures de l'Afrique orientale, et n6anmoins encore tr~s 
peu connue. 

Ce texte pr6sente une carte g6ologique pr41iminaire au 1/500.000 ainsi qu'une 
description volcanologique et p6trologique d'un secteur important de cette 
structure. 

La partie ~tudi~e de la Rift Valley d'Ethiopie pr~sente les caract~ristiques 
suivantes: syst6me le failles normales orient4es NNE-SSW, style ~, en 6chelon ,7, 
s t ruc tu res ,  rift in rift ~, asym6trie du graben et pr6sence de nombreuses fissures 
de tension ouvertes. Toute la r6gion a 6t6 affect6e par le volcanisme depuis 
l'Eoc6ne dans les Plateaux environnants et probablement depuis le Plioc6ne 
darts le Rift, avec 6ruptions fissurales et 6dification de volcans individuels. Les 
roches non volcaniques sont repr4sent6es uniquement par  des d6p6ts lacustres. 
Les produits magmatiques des deux Plateaux sont, pour la plupart, repr6sent6s 
par  des centaines de coul6es de lave basaltique empil6es, tandis que dans le 
Rift, la majeure partie des produits volcaniques est constitu6e par des ignim- 
brites. Les 6ruptions d'ignimbrites sont responsables de la formation de glandes 
cald4ras r6gionales. Les donndes p6trologiques actuellement disponibles, bien 
qu'encore insuffisantes, sugg6rent que les basaltes de Plateau ont un caract6re 
plus alcalin que ceux du Rift qui montrent une nature transitionnelle entre les 
basaltes alcalins et les thol6iites. Les roches interm6diaires semblent 6tre rares 
et Ia majorit4 des produits acides est repr6sent6e uniquement par  des rhyolites 
peralcalines (pantell4rites pour la plupart). 

R6centes donn6es g6ophysiques indiquent la pr6sence, le long de l'axe du 
Rift, d'une importante intrusion de magma basique qui pourrait  ainsi expli- 
quer la grande quantit4 de roches peralcalines que l'on trouve darts le Rift, 
bien q u e  l 'apparente raret6 des roches interm6diaires reste inexpliqu6e. 

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

D u r i n g  the  l as t  t en  yea r s ,  e spec i a l ly  a f t e r  the  a c c e p t a t i o n  a n d  
the  d e v e l o p m e n t  of  the  p l a t e  t e c ton i c s  t heo ry ,  t he  i n t e r e s t  of  m a n y  
geo log i s t s  a n d  g e o p h y s i c i s t s  in c o n t i n e n t a l  d r i f t  p r o b l e m s  has  s t r o n g l y  
i nc r ea sed ,  i nc lud ing  the  s t u d y  of  the  w o r l d ' s  r i f t  zones .  

One of  the  m o s t  i n t e r e s t i n g  r i f t  a r e a s  is the  E a s t  Af r i can  Ri f t  
S y s t e m .  T h e  E t h i o p i a n  Ri f t  Val ley  is a n  i m p o r t a n t  p a r t  o f  th is  s t ruc-  
t u r e  o w i n g  to  i ts  j u n c t i o n ,  in the  A f a r  d e p r e s s i o n ,  w i t h  the  Red  Sea-  
Gul f  o f  Aden  o c e a n i c  m e g a s t r u c t u r e ,  w h e r e  sea- f loor  s p r e a d i n g  is t ak-  
hag place .  

S o m e  a c c o u n t s  on  the  geo logy  of  the  n o r t h e r n  p a r t  of  the  E th io-  
p i a n  Ri f t  Va l ley  h a v e  a l r e a d y  b e e n  g iven  b y  DAIm~LLI (1943) and ,  m o r e  
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recently, by  GIBSON (1967), COLE (1969) and GIBSON and TAZlEFF (1970). 
Other accounts  on the geology of the Ethiopian Rift  Valley as a whole  
can be  found in MOHR (t962, 1967) and in BAKER e t  at. (1972). However ,  
these  studies are ei ther  too localized or  too general and are based 
on little actual  volcanological field work.  

The aim of this paper  is to descr ibe in some detail  the geology 
of  the central  Ethiopian Rift Valley, which was, up to now, a lmost  
unknown.  

Since no appropr ia te  topographic  maps  of the region invest igated 
were available, the geological map  a t tached to this paper  is a prelimi- 
nary 1/500,000 map, d rawn from 1/50,000 approxhl~ate scale aerial 
photographs,  with  unavoidable  topomorphic  distort ions.  Petrological  
notes are based on the s tudy of more  than 500 rock samples  collected 
during several field trips f rom January  1969 to July 1970, when the 
wri ter  jo ined  the Geological Survey of Ethiopia  as a Technical As- 
sistant of the Italian Government .  

P h y s i o g r a p h i c  Outl ines  

The region descr ibed in this paper  is located in southern  Ethiopia.  
It includes the central por t ion of the Ethiopian Rift Valley, a por t ion  
of the Ethiopian and of the so-called Somalian Plateaux, covering a 
surface of about  25,000 km 2. 

The Ethiopian Rift Valley and the two Plateaux are accessible 
by some good main roads, i.e. Addis Ababa - Modjo  - Nazareth - Dire 
Dawa; Nazareth - Asella - Bekoji ;  Modjo  - Shashamanne  - Neghelle 
Sidamo; Shashamanne - Wolamo Soddu - Arba Minch; Shashamanne  - 
Dodola - Goba and Addis Ababa - Buta j i ra  - Hosanna.  There are also 
several t racks  which can be driven only by four  wheel  drive cars. 

The average alt i tude of the Plateaux, on bo th  sides of the Rift, is 
about  2500 m a.s.l., whilst  the floor of the Rift Valley gently decreases 
f rom an al t i tude of 1600 m a.s.l, at Lake Awasa (southern limit of 
the geological map)  to an alt i tude of 1350 m a.s.1, jus t  nor th  of the 
Boseti - Gudda volcano (nor thern  limit of the geological map). Proceed- 
ing nor theas tward  f rom the Boseti - Gudda volcano, the floor of the 
Rift Valley continues to decrease down to about  250 m a.s.l, at 
its end, i.e., the southern shore of Lake Abbe (about  360 km NE 
from the northern limit of the geological map).  Proceeding southwest-  
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ward from lake Awasa, the altitude of the Rift floor suddenly reaches 
1100 m a.s.1, at lake Abbaya (Margherita) (about 50 km south of lake 
Awasa) and it remains at that level up to the southern shore of lake 
Chamo near the Kenya border (about 160 km from the southern limit 
of the geological map). 

As shown in the map, five lakes of tectonic or volcano-tectonic 
origin (Zwai, Langano, Abiata, Shalla and Awasa) occur in the region 
described in this paper. 

Two other important tectonic lakes, namely lake Abbaya (Mar- 
gherita) and lake Chamo are also located within the Ethiopian Rift 
Valley, south of lake Awasa, but are not considered in this paper. 
Another small lake, the artificial lake of Koka, formed after the recent 
barrage of the Awash River by the Koka Dam, near Nazareth (Adama) 
is located just north of lake Zwai. 

The floor of the Rift Valley is not uniformly flat, but it is occupied 
by some reliefs, rising for about 500 m or more, such as it occurs 
on the Plateaux, especially along the escarpments limiting the Rift, 
where some reliefs, more than 1000 m high, occur. 

Geological Outlines 

TECTONICS 

The Ethiopian Rift Valley is a graben with an average width, in 
the portion examined, of about 70-80 kin. It is limited, to the West, 
by the Ethiopian Plateau and, to the East, by the Somalian Plateau. 

Tensional movements are responsible for the formation of this 
trench which affects the uplifted Ethio-Somalian Plateau. A great 
number of step faults produces a total difference of altitude of more 
than 1000 m between the top of the Plateaux and the floor of the Rift 
Valley. All these faults are normal faults which run for hundreds of 
km in a NNE-SSW direction or, in a few cases, in a NE-SW and, more 
rarely, in a N-S direction. Some NW-SE faults also occur, most of 
which are clearly the result of a local distortion of the main tectonic 
trend, as shown by their continuity with the NNE faults. Only in a 
few localities (East of lake Awasa and East of lake Langano) impor- 
tant clearly independent NW-SE faults have been observed, which cut, 
or are cut by, the main fault system. These faults show no traces of 
horizontal displacement across the Rift. Therefore, they must be as- 
sumed to be due to local collapse or readjustment of blocks related 
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to the tensional movements which produced the present tectonic pat- 
tern of the Ethiopian Rift Valley, rather than to a transversal 
tectonics. 

The downthrow of a single step fault can easily exceed 300 m. 
One of the best examples of the step faults which originated the 

Somalian Plateau escarpment is found at the northeastern limit of 
the region climbing the escarpment from Dehra (Arussi Province) up 

FIG. I - E a s t e r n  e s c a r p m e n t  m a i n  f a u l t  a t  t h e  A s e l l a  l a t i t u d e .  

to the top of the Plateau, via Sire. Between Sire and Asella, the main 
fault dies out SW from Sire to start again at the same latitude but 
displaced about 15 km to the West. No transversal faulting connecting 
these main faults exists, because the , ,  en 6chelon ,, tectonic style is 
the only responsible for this important displacement of the Rift mar- 
gin. This is confirmed by a gentle flexure of the Somalian Plateau 
which deeps NNE down to the Rift. Other less evident , ,  en 6chelon ,~ 
style arrangements are visible in some other places (Fig. 2). 

Some differences in the tectonic lineaments between the eastern 
and the western escarpments, exist. The former is characterized for all 
its lenght by step faults with an important throw compared to the 
distance from one block to the other. The latter shows in its NE 
sector an abrupt displacement, sometimes exceeding 1500 m (M. Gu- 
raghe), between the top of the Plateau and the Rift floor, whilst in its 
SW sector the main faults have a small downthrow and progressively 
die out, so that, at its SW end the structural limit Plateau-Rift floor 
becomes only a physiographic feature. This could be interpreted as 
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due to the fact  that  the main faults  are ei ther actually absent  or  
hidden by  a huge quant i ty  of volcanic products  filling a possible  
fo rmer  depression existing in this area. 

The different tectonic style of the two Rift margins makes  this 
por t ion  of the Ethiopian Rift Valley asymmetr ic .  The a symmet ry  is 
also marked  by  a line of young faults,  affecting the Rift floor, located 
very close to the eastern escarpment .  These faults,  the Wonj i  Fault  
Belt  of MOHR (1962), shat tered  the Rift floor into several relatively 
small ~ hors t  ~ and ~ graben ~. Some of these faults  are antithetic,  so 
as to determine a minor  rift-in-rift s t ructure.  

This ~ en 6chelon ,7 ar rangement  of groups of faults  wi thout  
t ransverse  s t ruc tures  seem to be a typical tectonic feature  of the Rift 
Valleys (see Hepwor th :  Discussion in GIBSON and TAZIEFF, 1970). 

The more  depressed areas are occupied by lakes or  swamps.  Four  
lakes of tectonic origin (Zwai, Langano, Abiata and Awasa) have an 
elongated shape parallel  to the main tectonic t rend of the Rift, and 
shallow waters  ( few metres  or  tens of metres) .  The genesis of lake 
Shalla is quite different. MOrIR (1967) first recognised lake Shalla to 
be a caldera. This lake has an elliptical contour  with its ma jo r  axis 
(about  25 km long) perpendicular  to the main tectonic t rend of the 
Rift. I t  has vertical  contour  walls and it is very deep (more  than 
250 m). Therefore,  lake Shalla has to be considered one of the most  
impor tan t  volcano-tectonic sinkings on the floor of the Rift Valley. 
Other similar s t ruc tures  existing in this region will be descr ibed later. 

The hundreds  of faults forming the youngest  tectonic line close 
to the eas tern  escarpment  and running parallel to each o ther  in a 
NNE-SSW direction, are also arranged in a ~, en echelon ,, fashion. 
MOIJR (1967 ; 1968) in terpre ted  this ,, en 6chelon ,, faul t  set as the result  
of a displacement  of the Rift margins due to t ranscurrent  faulting 
across the Rift. Actually, nothing suggests the existance of t ransverse 
s t ruc tures  in this par t  of the Ethiopian Rift Valley; the same fact  has 
a l ready been pointed out  for  the nor thern  par t  of the Ethiopian Rift 
(GIBsoN and TAZIEFF, 1970). Only some dextral  movements  wi th  a 
displacement  of a few metres  (or tens of metres)  have been observed 
(Agge - Gadamsa)  for  NNE-SSW trending faults.  

As already observed by GIBSON (1967) in the Fantale volcano area, 
some of the youngest  faults are open tensional f rac tures  wi thout  any 
displacement.  In the area under  study, faults  of this type are visible 
most ly  east  of the Bora  - Bericcio volcanic complex. However ,  in this 
area, some fractures  showing a sigmoidal shape also occur; this seems 
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to denote that longitudinal shear stresses might be associated to the 
tensional ones. 

Tectonic movements  are still active in the Ethiopian Rift Valley, 
as confirmed by young faults often affecting very recent formations 
and by the high seismicity of the whole  region. 

STRATIGRAPHIC OUTLINES 

The part of the Ethiopian Rift Valley surveyed is exclusively made 
up of volcanics and volcano-sedimentary products, with neither mar- 
ine sediments nor crystalline rocks. Sediments of lacustrine origin are 
well represented; they cover large areas of the Rift with sometimes 
great thickness. 

The successive periods of volcanic activity in this part of the Rift 
Valley include the following main events: 

fissure eruptions with emplacement of explosive dominantly 
ignimbritic products followed by volcano-tectonic collapses; 

building of silicic central volcanoes on the ignimbrites; 
- -  basaltic fissure eruptions; 
- -  edification of recent mostly pantelleritic centres with associ- 

ated -subhistorical  ,, basaltic fissure eruptions. 
The stratigraphic succession of products may be reconstructed 

as follows: 

- - a l l u v i u m  and lacus t r ine  sed iments  

- -  recent  alkaline and  peralkal ine rhyolit ic pumice,  ashes  and  
obsidian lava flows 

- - a l k a l i  t rachyt ic  lava flows and  domes  

- - r e c e n t  basalt ic  lava flows and spa t te r  cones 

- -  basalt ic  hyaloclast i tes  

- -  old alkaline and peralkaline rhyoli t ic lava flows and domes  
associa ted to pumice  and  ashes  

- - a l k a l i n e  and peralkal ine ignimbri tes  associated to pumice,  
ashes  and  lahars  (mud  flows) 

- -  ter t iary basal ts  and ignimbri tes  of the  Plateau Trap Series 

Recent 
Pleistocene 

Holocene 

Recent  
Pliocene 

Recent 
Pleistocene 

Recent 
Pleistocene 

Early Pleistocene 
Late Pliocene 

Pliocene 

Pliocene 
Early Eocene 
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Basalts and Ignimbrites of the Plateau Trap Series 

This is the most ancient and massive volcanic formation of 
Ethiopia. The age of this formation was usually considered (DAINELLI, 
1943; MOttR, 1967) as early Eocene-late Miocene. Only recently (REX 
et aL, 1971) new age determinations have proved that the Plateau 
volcanic activity continued at least up to Pliocene. Therefore during 
all Tertiary, the uplifting of the region was accompanied by the erup- 
tion of a large volume of magma. A Plateau was formed consisting of 
hundreds and hundreds of basaltic lava flows and ignimbritic units, 
which are known to cover, in other places of Ethiopia, Mesozoic ma- 
rine sediments. 

The trap series, in the region studied in the present paper, often 
shows an exposed thickness of about 1000 m. Elsewhere, for instance 
in Wo]lo Province, a thickness of 2000 and sometimes 3000 m is rather 
common. The trap series is mostly made up of basaltic lava flows 
with subordinately associated ignimbritic units intercalated between 
the basic lavas. Also silicic lava flows and lava domes are sometimes 
associated with the basalts of the trap series but their volume is al- 
ways small compared to that of the ignimbrites. The rocks of the 
trap series almost always appear strongly weathered with a soil cover 
frequently as thick as some tens of metres. Only in a few places, it is 
possible to observe unweathered basaltic lava flows of the trap series 
(quarries or highway trenches). In the investigated area, basalts and 
ignimbrites of the trap series occur on the top of the Ethiopian and of 
the Somalian Plateaux, but the best examples are, of course, along 
the main faults which originated the two escarpments. The last cover 
on both scarps is almost always ignimbritic; owing to the unclear 
tectonic style of the southwestern part of the western escarpment, 
no trap series basalts are visible there. It also seems that in this area 
the ignimbritic activity has been more important than in the north- 
eastern part of the same Plateau, and than in the eastern plateau. In 
fact, in the area between Hosanna and Wolamo Soddu, three ancient 
big calderas occur, few km far from each other. They are almost 
circular and cut in pyroclastics (mainly ignimbrites, but also pumice 
formations occur) with eroded rims. It has to be remarked that these 
structures have a transversal alignment relatively to the main tectonic 
trend of the Rift Valley. They are, from West to East, respectively 
10-15 and 6 km in diameter. These three big volcano-tectonic sinkings 
are probably linked with highly explosive eruptions of a very great 
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amount  of silicic magma which could account for the wide ignim- 
britic cover found in this area. 

Basalts of the trap series, when good outcrops exist such as at 
Sire, East Langano, East Awasa (Arussi Province), consist of subhor- 
izontal flows, a few metre  thick (3-5 m, rarely more)  with rather  well 
preserved scoriaceous levels between the flows. The alternance in time 
of different eruptive episodes is demonst ra ted  by the presence of paleo- 
soil layers. Strong variations are observed in textural features f rom 
strongly porphyri t ic  to aphyric basalt types. 

Ignimbrites of the trap series always show a well welded struc- 
ture with evident ~, fiammae 7,. Foreign inclusions are quite noticeable, 
even macroscopically, in many places. Ignimbrites interbedded with 
basalts of the trap series are generally consti tuted by few units (3 
or 5), each about 5 to 20 m thick. The last ignimbritic cover, especially 
on the eastern Plateau is formed by one or two ignimbritic layers 10 
to 25 m thick. On top of the western Plateau (SW of M. Guraghe), 
the base of the last ignimbritic cover is not visible, therefore the thick- 
ness mus t  be more  than 50 m, which is the thickness of the exposed 
part. In this area, no sure distinctions can be made between Plateau 
and Rift ignimbrites using only field observations. 

It  is wor th  ment ioning that  carbonized and silicified wood occur 
as inclusions into an ignimbritic formation,  in an area located on the 
Somalian Plateau, in Sidamo Province (southeastward f rom the south- 
ern limit of the geological map). A first outcrop is on the main road 
which climbs the Somalian escarpment  f rom Wendo to Neghelle Si- 
damo, ten km from Wendo, in a weathered ignimbrit ic formation. A 
second outcrop is on the main road which runs along the Somalian 
escarpment  f rom Wendo to Dilla, about  17 km from Wendo, in a 
quarry of ignimbrite. Especially in this second outcrop, many branches 
and truncks of carbonized and silicified wood are included in a well 
welded, compact  and fresh ignimbritic formation.  Unfortunately, since 
the s t ructure  of the wood is not sufficiently preserved, the samples 
collected have no strat igraphic utility (J. BEA~CIJAMP, 1971, personal 
communication).  

The Rift Pyroclastic Formation 

Under this name it is indicated a format ion including three 
principal rock types: typical ignimbrite, ~, sillar ~ and layered pumice. 

10 
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In the region investigated, this is the most ancient formation outcrop- 
ping on the floor of the Rift Valley. Its age is Upper Pliocene, accord- 
ing to Mona (1967) who assumed the same age for the Rift ignimbrites 
and the last ignimbritic cover of the Plateaux. As a matter  of fact, age 
determinations are known only for the Plateau ignimbrites (MILLER 
and Mona, 1966; Mona and GOUIN, 1967; REX et al., 1971); up to now, 
no Rift floor ignimbrites have been dated. This formation is found all 
over the Rift extending from the eastern to the western escarpment. 

Ft~;. 3 - R i f t  i1oor i gn imb r i t e  at the la t i tude  or Go l ja  close to the eastern escarpment .  

It is constituted by several layers with variable thickness, from 0,5-I 
m up to 20 m or more in a single unit. In many cases, paleosoils are 
observed between ignimbritic sequences; in other cases (East of lake 
Zwai), two ignimbritic sequences are separated by lacustrine deposits 
and the upper unit shows a perlitic base. 

Typical ignimbrite is a hard, well welded rock with nicely devel- 
oped ,( fiammae ,, containing small inclusions of foreign rocks. This 
is the most common type outcropping in this region. A coarse and 
less welded ignimbritic-like formation of ,( sillar ,, type (Ross and 
SMn'H. 1961) is locally well represented (around lake Shalla, western 
shore of lake Langano, East of lake Zwai). It is generally formed of 
horizontal layers and its exposed thickness can easily reach 150 m 
(southern shore of lake Shalla). This poorly welded ignimbrite is 
extremely rich in big pumice fragments and the amount of xenoliths 
is impressive; sometimes (southern shore of lake Shalla, camp Lan- 

11 
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gano), the inclusions have gigantic dimensions (up to 10 m in diame- 
ter). Another important pyroclastic product associated with typical 
ignimbrite is a layered pumice formation. It is generally constituted 
by unwelded pumice of small size (few cm) and each layer is generally 
thin (few tens of cm). The best outcrop is found just West of lake 
Awasa; here, along a curved wall more than 200 m high, which 
is the ancient lake contour of Awasa (see geological map), many 

i ~ 

~ . 

FIG. 4 -  Thin layers of lacustrine sediments  between two ignimbritic units, same lo- 
cality as Fig. 3. 

thin layers of such unwelded pumice outcrop interbedded with thin 
layers of lacustrine deposits and paleosoils. Other evidence of these 
pumice layers is found around the inside walls of Corbetti Caldera 
(DI P n o L n ,  1972) and Gadamsa Caldera. The pumice layers contain 
some xenoliths small in size and amount. Ashes, consisting of fine 
and incoherent glass particles, are frequently interbedded both with 
ignimbrite and pumice layers. Sometimes, these ashes are aggregated 
to form pisolites; more rarely, the glass particles are slightly cemented 
and the ash deposit becomes a cohesive soil (ashtuff). 

Since the ignimbrites are intensely faulted, it is possible to ob- 
serve this formation almost everywhere even when it is covered by 
more recent volcanic or lacustrine products. The total thickness of 
this formation is not known but it exceeds 200 m on the West of 
Nazareth or on the West and East of lake Shalla. The emplacement 

12 
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of typical ignimbrites,  ,, sillar ,, and unwelded layered pumice,  repre- 
sents the mos t  impor tan t  volcanic event  of the Ethiopian Rift Valley. 
No clear s t rat igraphic relations can be  seen among these three prin- 
cipal rock types; only in a few localities ( southern  shore of lake 
Shalla, wes tern  shore of lake Langano) the ,, sillar ,, type underl ies 
the typical ignimbrite.  

Fro. 5 - F a u l t  l i ne  s h o w i n g  i g n i m b r i t e s  o v e r  ¢, s i l l a r  ,~, w e s l c r n  s h o r e  o1' L. L a n g a n o .  

Since no clear centres of erupt ion are visible, all these pyro- 
clastics must  have been erupted  most ly  f rom fissures, p robab ly  dur~ 
ing a wide time interval in Pliocene, and since they are of the same 
nature, their exact s trat igraphic relations are not determining factors.  

West and East  of Nazareth, there are ,, lahar ,, deposi ts  associated 
with the ignimbritic activity. These lahars flowed from Nor th  to 
South and are formed by ill-sorted f ragments  of different rock types 
cemented by fine pyroclast ic  material .  They cover an area of about  
35-40 km 2 with a thickness up to about  50 m. Another  limited occur- 
rence of ,, lahar ,, is found  near  the southern  shore of  lake Shalla. 
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Old Rhyolit ic Lava Flows and Domes 

Ignimbrite  and pumice are the result of eruptions of gas-rich 
silicic magma;  most  probably, the same magma,  having lost its gases 
during the explosive activity, was erupted later on as viscous lava 
flows and domes. Most of these domes pushed their way through the 
ignimbrites, but  it is not  always possible to find clear relations be- 
tween the two different types of volcanism. Sometimes,  individual 
volcanoes of conspicuous dimensions (500 m high) made up of viscous 
lava flows, stand above the ignimbritic ,, basement  ~ (Data, Damota, 
Wondo Guenet). These lavas often show a ,, vertical sheeting ,, or 
especially when covering the slopes of a volcano, a marked flowage 
folding. Domes often show a glassy carapace due to the quenching of 
the viscous lava. Sometimes, domes are affected by hydrothermal  and 
fumarolic phenomena.  In some places (Boku, South of Nazareth), 
some active fumaroles exist; they are utilised as turkish bath by local 
people. Probably the existence of these active fumaroles in a relatively 
old volcanic format ion is due to the rejuvenation of the regional faults. 
These lavas presumably erupted during a period of time start ing 
from late Pliocene until  lower Quaternary. 

Thin and subordinated layers of unwelded pumice and ash de- 
posits are often found interbedded in these silicic lava flows and lava 
domes. 

Basaltic HyaIoclastites 

Limited occurrences of subaqueous basaltic volcanism are found 
in some places of the Ethiopian Rift Valley. According to TAZIEFF 
(1968), hyaloclastites are the result of explosive activity of a basaltic 
magma under  shallow water. The occurrence of these volcanic rocks 
is not surprising here, since in this region the extension of lake basins 
in the past  could have been greater than at present,  as extensive 
lacustrine deposits show. In this region, hyaloclastites occur both  as 
small monogenic rings and as horizontal layers of local extension. 
Hyaloclastitic rings always show a large top crater which sometimes 
is occupied by a small lake, such as lake Chitu (SW shore of lake 
Shalla). In  some cases (SW shore of lake Shalla), the crater of the 
hyaloclastitic ring is occupied by small basaltic spatter  cones which 
were formed when the active vent became isolated f rom water; dykes 
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of basaltic lava often cut the hyaloclastitic layers. Hyaloclastites con- 
sist of a fine glassy material, generally yellowish to brown in colour, 
which contains small boulders of basaltic lava; sometimes, (south- 
ern shore of lake Zwai) the hyaloclastitic layers contain fossil lacus- 
trine gasteropodes. In the region investigated, hyaloclastites are quan- 
titatively strongly subordinated to the other volcanic products. 

Recent Basalts 

These basalts are, volumetrically, in the Ethiopian Rift Valley, 
the second volcanic formation, though they are quite subordinate to 
ignimbrites. Recent basalts outcrop in two distinct lava fields each 
about 80 km long and 10 km wide. These uninterrupted lava fields are 
elongated parallel to the main tectonic trend of the Rift (NNE-SSW) 
and were clearly produced by fissure eruptions. An impressive number 
of aligned spatter cones mark the feeding fissures. One lava field is 
located close to the western escarpment just along the main faults 
which limit the Rift in the Butajira-Silti area (base of M. Guraghe- 
Shoa Province). The second field is located close to the eastern escarp- 
ment, just East of lake Zwai. Another small lava field of recent basalt 
is located just South of lake Shalla on the axis of the Rift. The recent 
basalt of the Butajira-Silti area is formed by some horizontal or sub- 
horizontal lava flows sometimes associated with layers of hyaloclas- 
tites, and since many faults affect this formation it is possible to ob- 
serve that basalts lie directly on the ignimbrites of the Rift. The 
thickness of the basaltic formation, in this area, is only few ten metres. 
<, Subhistorical ,, basaltic lava flows, erupted from some vents, have 
flown towards the lower parts of the Rift, jumping the faults when 
they encountered them. 

At about 80 km NE from Butajira, in the Bishoftu area (outside 
the northern limit of the map) recent basaltic lava fields and numer- 
ous spatter cones, whose craters are sometimes filled by small lakes, 
occur. MOHR (1967) considered some of them as explosion craters; 
field observations have not confirmed this interpretation. All of them 
are simply typical basaltic spatter cones built around the eruptive 
vent. The recent basaltic lava field on the opposite side of the Rift 
(East of lake Zwai) shows the same features but its thickness is great- 
er (up to about 100 m). There, the recent basalts also cover the ig- 
nimbrites and all the formation is intensely faulted; even the spatter 
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cones are sometimes affected by recent faulting. Very recent to ,, sub- 
historical ,~ basaltic flows which are not affected by any tectonics, are 
observed; they flowed jumping over the fault walls as it can be seen 
for a lava flow coming from one of the biggest spatter cones of this 
area, which reaches the southern limit of the Wonji Sugar Estate 
Farm. Another recent basaltic lava field lies near Malkassa, and it 
extends as far as the Fantale Volcano area (outside the northern limit 
of the geological map), where an historical basaltic eruption was rec- 
ognized first by THEILHARD DE CHARDIN and LAMARE (1930). The charac- 
teristics of this lava field are quite the same of those mentioned above: 
extensive basaltic lava flows erupted from NNE-SSW fissures, numer- 
ous young faults originating several small ~ horsts ~ and ~ grabens ~, a 
great number of well preserved spatter cones aligned along the feeding 
fissures. 

All these lavas look very fresh with abundant scoriaceous surfaces 
of the ~ aa ,, type. Sometimes, they are completely aphyric, other 
times small phenocrysts of plagioclase, olivine and pyroxene are vis- 
ible. Recent porphyritic basalts rich in large (more than 2 cm) pla- 
gioclase phenocrysts as well as olivine and pyroxene have been ob- 
served in some limited outcrops of the Nazareth-Malkassa-Gadamsa 
area. 

Owing to the above stated characteristics, the recent basalt forma- 
tion including hyaloclastites must have been emplaced during a rather 
long period of time starting from Pleistocene until Recent. 

Some phreatic explosion craters, though very rare, occur in the 
recent basalt formation. However, since MOI-IR (1967) called ~ explo- 
sion craters ~, a great number of common basaltic spatter cones or the 
hyaloclastite rings, it is to be pointed out that the phreatic explosion 
craters, observed by the writer, in the field, are quite different, as it 
is to be expected, from basaltic spatter cones or hyaloclastite rings. 
Two of such phreatic explosion craters are located at about 15 km 
NE of lake Zwai. The largest crater is almost perfectly circular having 
a diameter of about 200-250 m with a vertical pit about 20-30 m deep. 
The craters appear as holes in the flat basaltic lava field and all around 
them, in a radius of several ten metres, a great amount of big blocks, 
both of basalt and of the underlying ignimbrites, are found. Another 
phreatic explosion crater is located in the recent basaltic lava field 
of the Butajira-Silti area. More exactly, this crater is located just on 
the left of the main road Addis Ababa-Hosann,a, between Butajira and 
Silti. It is a circular crater with a diameter of about 700 m, whose 
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vertical walls cut  an a lmost  flat basal t ic  surface.  I ts  b o t t o m  is oc- 
cupied by a small lake, whose  surface is more  than 50 m lower  than 
the r im of the crater.  The inside walls are cons t i tu ted  by  several re- 
cent  basal t ic  lava flows, covered by  thin layers of  fine sand containing 
numerous  inclusions of different dimensions and nature.  

As far as 100 m f rom the rim of this crater,  big scat tered  blocks  
of recent  basal t  and of the underlying ignimbri tes  are visible. The 

Fro. 6 -  Phreat ic  cxplosion crater  near Silti (western escarpment) .  

presence of these big blocks of buried rocks all a round  the craters ,  
suggests that these craters  are not  related to a normal  basaltic activity, 
but  that they were produced by violent explosions of phreat ic  origin. 

Trachylic Flows and Domes 

These rocks are confined to some individual volcanoes such as 
Zuquala  and Boseti-Gudda, bo th  standing on the floor of the Rift 
Valley. Especially in the Boseti-Gudda volcano, trachytic lavas are 
associated with rhyolitic pyroclast ics  and lavas. Other occurrences  of 
t rachytic  lava arc found on the main road Nazareth - Asella bc twccn  
Dehra and Eteya, where  two small domes outcrop.  It is to be noted 
that the biggest individual volcano in the region investigated, Cilallo 
volcano, which rises on top of the Somalian Pl'ateau, jus t  along the 
eastern escarpment  of the Rift, was formed mainly by t rachyt ic  lava 
flows. 
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Also trachytes are affected by faults. The age of the Rift trachytes 
is probably the same as that  of the recent basalt formation,  i.e. f rom 
Pleistocene up to Recent, while the trachytes of Cilallo are probably 
at least part ly pliocenic. 

Recent Rhyolitic Pyroclastics and Obsidian Lava Flows 

These rocks are the latest volcanic products  of this par t  of the 
Ethiopian Rift Valley. They are found mostly on the slopes of indi- 
vidual volcanoes such as, f rom North  to South: Boseti, I t t isa (inside 
the caldera of Gadamsa), Bericcio, Bora, Alutu and finally the Urji 
and Chabbi volcanoes which grew inside the Corbetti Caldera (DI 
PAOLA, 1972). All these volcanoes lie on the same alignement parallel 
to the main tectonic t rend of the Ethiopian Rift Valley. Presently all 
of them are at fumarohc stage. 

Most of these latest rocks consist of pyroclastics such as unweld- 
ed pumice flows, pumice falls and ashes. Some obsidian lava flows, 
erupted f rom fissures located above the recent basaltic Java field on 
the South of Gadamsa caldera, are also present. Obsidians are gener- 
ally the final products  of this latest volcanic activity, but  somewhere 
(southern slopes of Alutu) they are also interbedded with pumice 
and ashes. Obsidians appear as generally porphyri t ic  viscous lavas, 
but  aphyric varieties also exist on the southeastern and nor thern  
slopes of Alutu and on the eastern slope of Chabbi. 

Judging f rom field evidence, these latest volcanic products  of the 
Rift Valley must  have been erupted very recently (Holocene). 

Sometimes,  even these very recent volcanic products  are affected 
by regional faulting. 

Lacustrine Sediments 

Lacustrine sediments are the only non-volcanic formation in this 
port ion of the Ethiopian Rift Valley. It  is a quite important  forma- 
tion which covers an area of about 4000 k m  2 and whose thickness 
is sometimes considerable, ranging from about 40 m in Bulbula River 
and 50 m in Boru and Maky Rivers up to more than 100 m between 
Modjo and Koka. These lacustrine deposits are the result of the dry- 
ing up of a big lake which in the past  occupied the floor of the Rift 

18 



- -  535 - -  

Valley. Lakes Zwai, Langano and Abiata are, in fact, the remnants  
of that  ancient large water  basin. Also lake Awasa is the remnant  of 
a larger lake, but  there are no definite data which indicate whether  
the two old basins were connected or not. Lake sediments mus t  have 
been deposited during a wide t ime interval, probably f rom the end 
of Pliocene until  Recent. This is suggested by their considerable thick- 

FIt;. 7 - Faul ted  lacustr ine  sediments ,  W of L. Zwai. 

ness and by the fact that, in many places, they underlie young volcanic 
products.  Furthermore,  lacustrine sediments are often rather deeply 
affected by regional faults (West of lake Zwai). 

Lacustrine deposits consist of layers of cemented volcanic sands 
and ashes, t ransported pumice, silt, clay and diatomites. 

Finally, the present-day alluvium is mostly represented by the 
Awash River floods (Koka - Wonji Sugar Estate Farm). 

T H E  VOLCANIC CENTRE,q 

In this portion of the Ethiopian Rift Valley, as ment ioned above, 
there are several individual volcanoes and volcanic complexes. Some 
of the most important  structures will briefly be described, starting 
from the North. 
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Zuquala Volcano 

Zuquala is located about 20 km SW of Modjo. It is a typical cone- 
shaped volcano with a base diameter of about 12 km. It rises com- 
pletely isolated for about 1100 m from the surrounding flat floor 
which is one of the western steps of the Rift Valley. Zuquala has steep 
flanks covered by thick vegetation. It is made up of several thick and 
viscous alkali-trachitic lava flows which seem to be by far the most 
important products of this volcano. No pyroclastics have been observed 
by the writer even in deep stream gullies. Zuquala has an almost 
perfectly circular top caldera, whose rim is at 2800 m a.s.1.; the diam- 
eter of the caldera is about 2 km; its depth is about 300 m and its 
bottom is partially filled by a small lake. No traces of post caldera 
manifestations have been observed. 

Boseti-Gudda and Boseti-Bericcia Volcanic Range 

This range is located about 15 km East of the town of Nazareth 
at the same latitude of Zuquala Volcano, close to the eastern escarp- 
ment, on the left side of the Awash River. It is formed by two distinct 
reliefs: Boseti-Gudda and Boseti-Bericcia, rising for about 1000 and 
800 m respectively from the Rift floor. The base has an elliptical shape 
whose axes are 20 and 15 km long. These two volcanoes are strictly 
related to each other; in fact, they originated from the same NNE- 
SSW fissure. 

Boseti-Gudda is a composite volcano, showing a remnant of a 
caldera rim on its western slope. The pre-caldera products of Boseti- 
Gudda consist mostly of viscous, thick (up to 50 m) trachytic lava 
flows, whilst the post-caldera activity is mostly represented by very 
recent pantelleritic obsidian lava flows associated with pumice and 
ashes. Several small craters are aligned along the feeding fissure; on 
the bottom of one of those craters, a ~, cake ,7 of obsidian, similar to 
that of the Sakurajima volcano (Japan), occurs. 

Boseti-Bericcia consists mostly of very recent pantelleritic obsid- 
ian lava flows with associated pyroclastics (pumice and ashes). The 
fissure connecting Boseti-Gudda to Boseti-Bericcia is a still open frac- 
ture through which ,, subhistorical ,, basaltic lava flows were erupted 
just at the junction of the two volcanoes slopes, flowing down on both 
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sides of the fissure. Both volcanoes are, at present, at considerable 
fumarolic stage. Their open feeding fracture, although displaced about 
15 km to the East, still belongs to the most tectonically active line of 
the Rift. This , en dchelon ,, arrangement is the Rift floor equivalent 
of that already mentioned for the Somalian Plateau escarpment (see 
pag. 521 and Fig. 2). 

Gadamsa Caldera 

This caldera is adjacent to the Wonji Sugar Estate Farm SW 
boundary. It is almost perfectly circular with a diameter of about 

Fro. 8 - Gadamsa Caldera. 

10 km. The rim of the caldera is well preserved with vertical inside 
walls 100-200 m high. 

Only a small section of the NW rim has been eroded. The rocks 
which form the rim of the caldera are mostly rhyolitic lavas, even 
though pumice and ignimbrites are rather abundant. 

The north-eastern rim of the caldera is formed by some very 
thick (20-30 m) rhyolitic lava flows, 2-5 km long, showing a clear flow- 
age folding. In some places, coarse explosion breccias made up of 
heterogeneous volcanic material, lie at the base of the lava flows. The 
lava is covered and interbedded with finely bedded pyroclastic ma- 
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terials (small  pumice,  minute  salic crystals,  ashes) dipping, as the 
lava flows, towards  the Wonj i  plain. The interior  of the caldera shows 
several signs of post-caldera activity. Some small dome-like features  
occur  most ly  consist ing of pumice  falls with subordinate  rhyolit ic 
lavas. The most  impor tan t  fea ture  is an irregular chain of hills rising 
for  abou t  200-250 m f rom the floor of the caldera. It is made  up of 
al ternat ions of rhyolit ic lavas and pumice  deposits.  

Fro. 9 - Layered pumice  depos i t s  on  the NE inner  r im of G a d a m s a  Caldera. 

This chain is locally named  It t isa and, on its eas tern  part ,  there 
is a large crater  wi th  a d iameter  of abou t  1 km and a depth  of about  
100 m. A large amoun t  of the underlying format ions  is found as b locks  
within the pumice  deposi ts  and as xenoliths in the lavas inside the 
I t t isa  crater.  The most  abundan t  inclusions are represented  by  a 
strongly porphyr i t ic  basalt ,  which, as previously mentioned,  ou tc rops  
in this area. The whole  caldera is s t rongly affected by many large 
regional NNE-SSW faults,  especially on its eastern part.  Along one of 
these faults,  close to the inside NE rim of the caldera, a small basal t ic  
spat ter  cone was built;  at present,  this spat ter  cone shows vertical  
and dextral  dislocations due to a later movement  of the same fault. 

Another  small basal t ic  spat ter  cone is located close to the west- 
ern inside rim of the caldera. Weak traces of fumarol ic  activity are 
visible at the base  of the wes te rn  rim of the caldera arnd on a small 
pumice  dome on the West. 
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Bora and Bericcio Volcanic Complex (1) 

I n  a n  a r e a  of  a b o u t  500 k m  2 l oca t ed  b e t w e e n  the  ar t i f ic ia l  l ake  
of  K o k a  a n d  lake  Zwai ,  c lose  to the  e a s t e r n  e s c a r p m e n t ,  t h e r e  is one  
of  the  m o s t  r e c e n t  vo l can i c  c o m p l e x e s  of  the E t h i o p i a n  Ri f t  Valley.  
This  a r e a  is cu t  b y  the  so-cal led  W o n j i  f a u l t  be l t  a n d  it a p p e a r s  even  
m o r e  ex t ens ive ly  a f fec ted  b y  f au l t i ng  t h a n  o t h e r  a r e a s  a f f ec t ed  b y  

FIG. 10 - N-NE fault affecting a basaltic spatter cone inside Gadamsa Caldera. On the 
background, Ittisi volcano. 

the  s a m e  y o u n g  t ec ton ics .  E s p e c i a l l y  in the  e a s t e r n  p a r t  of  th is  a rea ,  
the  n u m b e r  of  o p e n  t e n s i o n a l  f i ssures  a n d  f au l t s  w i t h  e x t r e m e l y  var i -  
ab le  d o w n t h r o w  is i m p r e s s i v e .  Of t en  f au l t s  a n d  f r a c t u r e s  c ro s s  each  
o t h e r  a t  a sma l l  ang le  w i t h  a r a n g e  of  d i r e c t i o n s  f r o m  N-S to NE-SW.  
A l m o s t  all  the  f o r m a t i o n s  a re  s h a t t e r e d  in to  m a n y  sma l l  ,~ h o r s t  ,, a n d  
, g r a b e n  ,, s t r u c t u r e s :  Th is  c o m p l e x  inc ludes  t w o  r a t h e r  l a rge  vo l can i c  
c e n t r e s  ( B o r a  a n d  Ber icc io )  a s s o c i a t e d  w i t h  a g r e a t  n u m b e r  of  s m a l l e r  
vo lcan ic  foci  a n d  w i t h  s u b h i s t o r i c a l  l im i t ed  f i ssure  e r u p t i o n s .  Mos t  of  

the  p r o d u c t s  f o u n d  in th is  a r e a  a r e  si l icic p y r o c l a s t i c s .  B o r a  v o l c a n o  
is l o c a t e d  on  the  N E  of  l ake  Zwai  a n d  it  cons i s t s  of  a l t e r n a n c e s  of  

(~) In some old Italian topographic maps, the name Bora (or Borra) is assigned 
to Bericcio (or Bariccia) and vice-versa. In the present geological map, these names 
have been inverted after information got from local people by Ethiopian geologists 
speaking fluent Galiinian idioma. 
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pumice  and ash layers poor ly  welded or  completely unwelded;  inclu- 
sions of foreign rocks are scarce; subordina te  rhyolit ic lavas are some- 
t imes associated with pyroclastics.  Bora  rises for  about  350 m 
above the floor of the Rift and it has a large top crater  (more  than 
1.5 km in d iameter  and more  than 100 m deep). I ts  wes te rn  slope is 
affected by  a volcano-tectonic collapse (sector-graben).  Bericcio vol- 
cano is located jus t  NE of Bora; it rises for  about  500 m f rom the 

FIG. 11 - Bericcio Volcano seen from NW. 

floor of the Rift and it has a more  regular  cone-shaped profile. A small 
circular cra ter  is located on the top, jus t  in the centre of the volcano. 
Another  cra ter  ( abou t  1 km across)  cuts  its southern  slope. Bericcio 
is made  up of complete ly  unwelded pumice  flows and it seems that  
no lavas are associated with these pyroclastics.  

Jus t  Eas t  of the Bora  and Bericcio volcanoes,  a great  number  of 
smaller  volcanic centres occur.  They are exclusively made  up of silicic 
pyroclast ics,  mos t ly  pumice  flows or  pumice  falls, the la t ter  forming 
perfect  domes.  Lavas are once more  subordinated.  Craters, generally 
small, are abundan t  and irregularly scattered.  

Fur ther  on the E, it rises for  about  250 m another  small volcanic 
centre,  Tulu Moje, also made  up mos t ly  of pumice  and ashes bu t  
with a base  most ly  made  up of t rachyt ic  and rhyolit ic lavas. It  has a 
top crater  abou t  700 m in d iameter  and it is more  intensively faul ted 
than Bora  and Bericcio. Its nor thern  base  is covered by  subhistorical  
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thick obsidians lava flows erupted along a fissure which affects the 
volcano itself. 

Two other obsidian flows clearly erupted f rom the same fissure 
are located about  5 k m  to the NE. These obsidian lava flows appear 
as almost  circular bodies (1 to 4 k m  in diameter) which did not  flow 
very far f rom their  centre of emission because of the high viscosity 
of the lava. Obsidians cover their  own feeding fissures and are .not 
affected by any faulting. Associated with obsidians, there are some 
subhistorical basaltic lava flows which seem to have erupted f rom the 
same fissures. These eruptions of basalts are younger than obsidians 
or penecontemporaneous.  The Bora, Bericcio (and Tulu Moje) volcan- 
ic centres, as well as the other  rmmerous secondary loci of py- 
roclastics, s tand above the ignimbrites of the Rift. These ignimbrites 
are frequently h idden by thick sequences of lacustrine sediments or 
by s t ream deposits. The considerable abundance of pyroclastics shows 
that  this area ,has been a zone of highly explosive volcanic activity. 
In fact, lavas (mostly obsidians) are strongly subordinated represent- 
ing the final eruptions of a magma which lost its gases during py- 
roclastic activity. Different faulting pat terns in the pyroclastics do 
not necessarily indicate great differences in age. In fact, Tulu Moje 
volcano is more faulted than Bora and Bericcio volcanoes because it 
is located just in the middle of the most  active tectonic line of the 
Rift floor. All the products  of this area must  have been erupted during 
a relatively short period of t ime in Holocene, as their high strati- 
graphic position and the present  considerable fumarolic activity show. 
Erosion has affected rather  deeply this area in a short t ime because 
of the completely incoherent nature of the pyroclastics. 

Cilallo Volcano 

This is the biggest hadividual volcano in the central Ethiopian 
Rift Valley, and one of the biggest of Ethiopia. Cilallo is located about 
30 km East of lake Zwai in Arussi Province, just  where the main 
faults which limit the eastern escarpment,  SW from Sire, die out 
(Fig. 2). Cilallo has an elliptical base (about 30x20  km) whose major  
axis lies parallel to the main tectonic t rend (NNE-SSW). I t  rises with 
gentle slopes for more  than 1500 m from the top of the Plateau. At 
its top, there is a large, almost circular caldera about 6 krn in di- 
ameter,  whose southern r im represents the summit  of the volcano 
(4000 m a.s.1.). 
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The northern rim of the caldera is cut by a deep stream gully 
and all the slopes of the volcano are deeply affected by erosion. In 
many places, forests and a thick soil cover make field observations 
quite difficult. The slopes of Cilallo are mostly constituted by thick 
alkali trachytic lava flows. No pyroclastics have been observed by the 
writer at least on the western and northeastern slopes. All around the 
inner rim of the Cilallo caldera, enormous dykes, radially disposed, 
are visible. 
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F~G. ~2 - Cilallo volcano summit caldera seen from NE. 

Post caldera activity is represented by some important alkali 
trachytic lava flows which occupy the bottom of the caldera. Another 
example of post-caldera activity is a small outcrop of fresh porphy- 
ritic plagioclase basalt, just on the NE rim of the caldera. 

The birth of Cilallo is probably related to an early period of 
tectonic movements which opened the Rift Valley. In fact, at the west- 
ern base of the volcano, the ignimbrites of the trap series constitute 
a moulding cover on the Cilallo lava flows (Gondi, Simba stream 
valleys). 

However, it is to be noted that, in this region, no clear strati- 
graphic and petrographic differences have been observed between 
Plateau and Rift ignimbrites, therefore the problem of their distinc- 
tion is at present far f rom being solved. 
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Badda Volcano 

Badda is another big volcano located just East of Cilallo, so close 
that their products partly overlap each other. Badda rises for about 
2000 m from the top of the Somalian Plateau, its summit being at 
about 4200 m a.s.l. Badda is relatively old, deeply affected by erosion 
and probably of the same age of Cilallo. It is elongated towards NNE- 
SSW much more than Cilallo. Some samples collected from thick lava 

Ft~;. I3 - I g n i m b r i t e  overlying t rachyt ic  lava now at the foot of Cilal}o volcano near  
Gondi.  

flows are alkali trachytes such as the Cilatlo lava [lows. The lava flows 
of this volcano stand on the basalts of the trap series and it seems 
that lavas are the majority of its products. In fact, no pyroclastics 
have been observed by the writer climbing the eastern slope of Badda 
from the village of Robi. 

Large amount of alkali trachytic magma erupted by these two 
big volcanoes, could have been produced by differentiation of the 
basalts of the trap series. 

At about 60 km SW from Cilallo two other big volcanoes (Cacca 
and Encuolo) rise from the top of the Somalian Plateau. These two 
volcanoes are not shown in the geological map because they have not 
yet been studied in detail by the author. 
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Alutu Volcano 

Alutu is located between lake Zwai and lake Langano with an 
elongated NNE-SSW base axis about 15 km long. It  probably occupies 
a narrow graben, now partially hidden by the lake waters, visible on 
a small peninsula near the nor thern  shore of lake Langano (South of 
Alutu), and cutt ing Debre Tseyon island in lake Zwai (North of Alutu). 

F16. 14 - C r a t e r  on the n o r t h e r n  s lope  of A lu tu  volcano.  

Generally speaking, Alutu is set, as the other  recent volcanic centres, 
along the line of young faults affecting the floor of the Rift Valley 
close to the eastern escarpment  ( the Wonji Fault  Belt). Also Alutu is 
partially affected by NNE-SSW faults and fractures. 

This volcano has several craters (never exceeding 1 km in diam- 
eter) located at different altitudes. The craters are commonly aligned 
along NNE-SSW fissures but  also E-W alignments exist. 

Alutu is const i tuted of silicic pyroclastics such as pumice flows, 
pumice falls and ashes, with subordinate rhyolitic lava flows, mostly 
obsidians. These Iavas, especially the most  recent ones, have been 
erupted from the same craters which previously had erupted pyro- 
clastics; the lava flows descended the slopes of the volcano in every. 
direction, frequently showing a flowage folding. Both old and very 
recent obsidians are porphyritic,  sometimes very rich in crystals as 
it can be seen in one of the last erupt ions descendig the southern slope 
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of Alutu. In a few places, (southeastern slope) aphyric varieties also 
Occur. 

The age of Alutu must be considered very recent because its prod- 
ucts (pyroclastics and lavas) cover recent basaltic lava flows to the 
West and a hyaloclastite ring to the North, and because the volcano 
is at present in a stage of considerable fumarolic activity. Alutu also 
is rather deeply affected by erosion, but this is the result, like for 
Bora and Bericcio, of the incoherent nature of most of its products. 

FJ(;. 15 - C o r b e t t i  C a l d c r a ,  s e e n  f r o m  E,  

Lake ShalIa Caldera 

As already mentioned, lake Shalla is a very large caldera which 
probably represents the most important volcano-tectonic sinking of 
the whole Ethiopian Rift Valley. Lake Shalla is an elliptical basin with 
axes of 25 and 15 kin. It has deep waters (about 250 m) and its surface 
is at 1500 m a.s.1. 

This lake collects many important streams, among whi~zh a small 
river coming from the western escarpment but no output exist. Shalla 
caldera has vertical walls which, in some places, reach a height of 
150-200 m. It is set along the axis of the Rift Valley and some NNE~ 
SSW and N-S faults affect its rims. The caldera cuts mostly ignim- 
brites and pumice deposits of ~ sillar 7, type but also some rhyolitic 
lavas. The age of Shalla caldera is probably late Pliocene. In fact, the 
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Quaternary recent basaltic formations,  represented in the SW shore 
of the lake by some hyaloclastite rings, spatter  cones and lava flows, 
seem to be the only post-caldera activity. Present activity consists of 
hydrothermal  manifestat ions which occur all a round the lake. 

Corbetti Caldera 

This volcanic complex has already been described in some detail 
by DI PAOLA (1972). It  is located between lake Shalla and lake Awasa, 
along the axis of the Rift. Post-caldera activity is here represented by 
two very recent volcanoes (Urji and Chabbi) mostly formed of pumice 
flows and pumice falls with subordinate obsidian lava flows. The age 
of the Urji and Chabbi volcanoes is probably the same (very recent 
to subhistorical) as that  of the Alutu, Bora, Bericcio, Ittisa, Boseti- 
Gudda and Boseti-Bericcia volcanoes. 

The occurrence, in this port ion of the Ethiopian Rift Valley, of 
a huge widespread ignimbritic format ion and other silicic pyroclastics 
easily accounts for the presence of those three regional volcano- 
tectonic sinkings described above, namely Gadamsa, Shalla and Cor- 
betti calderas. 

Petrological Notes 

MINERALOGY 

The volcanic rocks of the above described format ions  range in 
composit ion from alkali olivine basalts to peralkali rhyolites. No 
significant petrological differences between the rocks of the trap series 
and those of the Rift floor have been detected in the area investigated 
but  this could also depend on incomplete sampling owing to the large 
extension of this region. 

Basalts 

Among basic rocks, some rare picritic varieties occur, olivine 
basalt being the most  representative ones. Basalts show different tex- 
tures such as aphyric, porphyritic,  doleritic or ophitic. They are, gen- 
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eraIly, well crystallized but some varieties with a partially glassy 
groundmass are also present. The mineralogical assemblage is the 
following: magnesian olivine, clinopyroxene of augite type; calcic pla- 
gioclase with An from 68 % to 85 %, magnetite and ilmenite, rare and 
small apatite crystals. Olivine is always stable as phenocrysts and it 
is always present in small grains in the groundmass. Pyroxene is often 
zoned and sometimes missing as phenocrysts. Neither orthopyroxene 
nor pigeonite have been detected. Plagioclase is only slightly zoned 
(generally two zones) with a bitownitic core and a labradoritic rim. 
Among recent basalts of the Rift floor, most of the subhistorical lava 
flows show a more alkaline character at least judging from the pres- 
ence of titaniferous augite (clear pleocroism on lilac colours). It is 
here to be noted that titaniferous pyroxene appears, in the basalts of 
this region, only in those rocks with an ophitic or doleritic texture. 
Textural variations, with inverted order of crystallization plagioclase- 
pyroxene are rather common indicating variation of the P~ o condi- 
tions of crystallization (NF.SmTT and HAMILTON, 1970). 2 

Hawaiites 

These rocks represent lava flows always associated with basalts 
both on the Plateaux and on the Rift floor. Of course, they cannot be 
distinguished in the field; some differences from basalts can be detect- 
ed petrographically but a more accurate distinction can be made only 
on a chemical basis. Mineralogically, they appear as sub-aphiric rocks, 
made up of small crystals of olivine, clinopyroxene, plagioclase, and 
iron ores with an appreciable amount of glass. In these rocks, olivine 
is less abundant than in basalts. Owing to the small size of crystals, 
no accurate measures have yet been made, however plagioclase phe, 
noclLysts when present have a labradoritic composition, and the py-. 
roxene seems to be augitic. 

Trachytes and Rhyolites 

These rocks have a variable mineralogical composition. Some 
varieties seem to be dark trachytes such as those described by BAR- 
BErn et al. (1970) for the Danakil Depression. In fact, mineralogically, 
they are porphyritic rocks with phenocrysts of sodic plagioclase (oli- 
goclase), associated with alkali feldspar (anorthoclase); mafic minerals 
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are represented by calcic clinopyroxene with sometimes associated 
orthopyroxene; iron ores are always abundant. The groundmass is 
made up of alkali feldspar, clinopyroxene and a variable amount of 
glass. 

Other varieties show the characteristics of more oversaturated 
rocks of up to alkali rhyolitic composition, i.e. with phenocrysts of 
anorthoclase, aegirinaugitic pyroxene, fayalite and magnetite. In the 
groundmass, the alkali feldspar predominates and mafic minerals are 
represented by aegirinaugite and by two alkali amphiboles (riebeckite 
and barkevickite). Again, the amount of glass is variable from sample 
to sample. 

PeraIkaIi Rhyolites 

These rocks are represented by some lava flows, lava domes and 
pumice flows, but especially by ignimbrites which are by far the most 
common product. Petrographically, they appear to be always highly 
glassy, with variable contents of the following minerals: alkali feld- 
spar, generally anorthoclase (more rarely sanidine), acmitic pyroxene, 
alkali amphiboles (riebeckite, barkevickite and more rarely Fe-hast- 
ingsite), rarely fayahte and quartz. In many samples, big elongated 
crystals of aenigmatite mark the peralkaline character of these rocks. 
Often, in rhyolitic lavas, the groundmass shows a spherulitic texture 
due to the recrystallization of the glass; quartz-feldspar intergrowths 
are also rather frequent. In ignimbrites, foreign inclusions of buried 
rocks are always present. These xenohths are exclusively of volcanic 
origin (rhyolites and basalts); neither marine sediments nor crystalline 
rocks have been observed among xenoliths. 

Chemistry 

Thirty new chemical analyses and CIPW norms of volcanic rocks 
of the region investigated are quoted in Tables 1 and 2. The X-ray 
flluorescence method has been used (FRANZmI and LEONI, 1972) except 
for three of them, which have been analized with traditional methods. 

Five additional chemical analyses of volcanics beloging to the 
same region, or close to it, are reported for comparison; for this 
portion of the Ethiopian Rift Valley, these analyses are the only ones 
found in the literature (MOHR, 1970). 
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The analyses are still too scanty to allow an accurate comparison 
between Plateaux and Rift volcanism. However, some preliminary 
observations can be made. 

Four chemical analyses are available for the Somalian Plateau in 
the investigated area; one of them clearly indicates an alkali basaltic 
nature with normative nepheline, whilst two others correspond to 
intermediate rock types which apparently do not show any genetic 

* - rH t  

• -  p la teau  

10 

% 

O 
D 

go sb 7"o 
S;O~ 

Fro. 16- Alkalies-silica diagram of volcanic rocks from thc central Ethiopian Rift 
Valley (KLNO, 1958). 

affinity with alkali basaltic magmas. They are in fact oversaturated 
in silica, rather rich in iron and titanium and in spite of their evolved 
nature, as indicated by the rather low values of MgO, the alkali con- 
tent is the same, or even lower, than that of the analysed basalts. This 
fact indicates that the two intermediate rocks are probably geneti- 
cally related with a less atka!ic, transitional or tholeiitic basaltic 
magma. The fourth sample is a pantellerite, identical to those of the 
Rift Valley floor. 

A transitional nature between alkali basalts and tholeiites is also 
shown by two of the four available chemical analyses of the Rift 
basalts. On a purely normative basis, they should be called olivine- 
tholeiites (YODER and TILLEY, 1962), however in an alkali-silica dia- 
gram these basalts fall in the alkalic fields, with points very near to 
the boundary line (Fig. 16). The other two samples have an alkali 
basalt composition showing normative nepheline. 
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TABLE 1 -  Chemical  analyses and  C.I.P.W. norms  of basic,  in te rmedia te  and  non- 
peralkal ine rocks f r o m  the  cent ra l  pa r t  of the E th iop ian  Rift  Valley. 

1 2 3 4 5 6 7 8 

SiO2 4727 50.58 50,92 42,38 43.80 49.18 4927 52,77 
TiD~ 1.98 3.30 3.07 4.15 1.97 2.00 1.94 2.33 
AI~O~ 15.97 12.86 12.85 14,59 18.13 1624 16.05 16.08 
Fe20~ 2.94 4.02 4.33 5.76 3.70 0.88 2,44 1.93 
FeO 7A1 9.39 8.44 9.62 7.68 9.01 7,57 8.35 
MnO 0.19 025 0.22 0.21 0.05 0.17 0.18 0,19 
MgO 6.42 3.98 5,66 6.24 5.48 6.54 6.85 3,16 
CaO 11.04 8.96 10.78 10.65 12.12 10.92 10,92 8.75 
Na20 3.11 3.24 2,63 2.88 3,00 3,13 3,04 3.95 
K20 1.12 1.03 0.77 0.64 0.88 0.69 0,68 125 
P20.~ 0,51 0.47 0.43 0,44 0,34 0,45 0.44 0,44 
I-/20 + 1,74 1.59 0.20 2,24 0,86 0,77 0,62 0.78 
H20- 0,30 0.33 0.18 029 0.68 0,02 - -  0,02 

100,00 1 0 0 , 0 8  1 0 0 . 4 8  100,09 98.69 1 0 0 . 0 0  1 0 0 . 0 0  100.08 

q - -  5.09 
or  6.62 6.08 
ab 23.56 27.40 
an 26.31 17.51 
ne 1,48 - -  

l wo 10.49 9.96 
di en 6,50 5.11 

fs 3.36 4,61 
W O  - -  - -  

hy I en -- 4.80 
fs - -  4 33 

ol ) fo 6.64 - -  
j fa 3.78 - -  

mt  426 5.83 
il 3.76 6.27 
ap 1.21 1 .ll 
hm - -  - -  

C.I.P.W. Norms  
5.24 
4.56 3.78 

22.27 20A2 
20.93 24,99 

- -  2,13 
l 10,42 

24.38 6.84 
2.84 

9 . 5 7  - 

_ 6 0 9  

t 2.78 
6.29 8.35 
5,82 7.88 
0.94 1.04 

- -  - -  - -  2.05 
5.36 4.08 4,02 7.38 

13,86 26.47 25.71 33.40 
34.34 28.23 28,14 22.46 
6.67 - -  - -  - -  

9.60 9.66 7 -54 
20.83 5.19 5.96 327 

4,09 3.15 4.26 

1.91 5.22 4,59 
1,50 2.76 5.98 
6.44 4.12 - -  

8.79 
5.59 2.40 - -  

5,53 1.28 3.54 2,79 
3.85 3,80 3.68 4.42 
0 37 1.07 1,04 1.04 

Somalian Plateau (Trap series) 
1) Alkali olivine basa l t :  porphyri t ic  lava flow in an highway t rench  at Agere Salam 

(outside the  sou thern  l imit  of the geological map).  
2) Hawaii te :  aphyric  lava flow in a s t ream gully at  Sire. 
3) Hawai i te :  porphyr i t ic  lava flow f rom the Asella- Cilaflo area (REPossr, 1932). 

Rift Floor 
4) Alkali olivine basa l t :  scoriaceous boulder  in a hyaloclasti te r ing at  Adamitul lu  

(Analyst:  R. ROMA~O). 
5) Alkali olivine basa l t :  porphyr i t ic  lava flow nea r  Welenchiti  (Mm~Li~r, 1950). 
6) and  7) Olivine basa l t :  porphyr i t ic  lava flows in a t rench  of the  Addis Ababa -  

Dire Dawa highway, 30 k m  f rom Adama (Nazareth).  
8) Hawaii te:  subaphyr ic  lava flow 1 k m  Nor th  of Abura.  
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Continued:  TABLE I - Chemical analyses and  C.I.P.W. no rms  of basic, in te rmedia te  and  
non-peralkal ine rocks f rom the  centra l  pa r t  of  the Eth iop ian  Rift 
Valley. 

9 10 11 12 13 14 15 

SiOz 52.47 57~4 59,80 63.29 64.74 69.56 69,57 
TiO2 1.84 1.06 237 0,89 1.43 0,46 0.66 
A1203 17,11 14.40 11,39 13.73 14.09 14.88 14,64 
Fe20~ 1,95 3,99 3,94 1,73 2,08 1,81 1,56 
FeO 7,31 6,82 5,35 6.96 4.04 1.01 120 
MnO 0.16 0,13 0,27 0.49 0.18 0,08 0.20 
MgO 4.25 2,09 1,94 0.45 1,00 0,32 0~52 
CaO 8,58 4.41 4~56 2,66 3,45 1.34 1,17 
Na20 3,36 4A9 3.96 6.30 4.64 5.15 6,00 
K20 1.22 438 2.99 2.51 3.10 4.79 3.95 
P205 0.57 0,32 0,56 0.20 0.40 0.07 0.13 
H~O ~ 1.06 0,08 2.75 0.79 0,65 0.53 034 
H20- 0.12 0.08 0.12 - -  0.20 - -  - -  

100.00 99,79 100,00 100.00 100.00 100.00 99.94 

C.I.P.W. Norms 

q 3.37 2,2l 15.95 8.53 17,78 18.76 17,52 
o r 7.20 26.04 17,66 14.83 18.31 28,30 22.79 
ab 28.41 38.22 33.49 53 28 39,24 43.55 50.83 
an 28.00 6,15 4.48 1.78 8,47 3,34 1,39 
ne . . . . . . .  

wo 4.52 ~ 6.04 4.,22 2.51 0,92 1.51 
di en 2,36 i 11.71 3.49 0.44 1.02 0,79 1.05 

I fs 2.02 2.28 4.22 1.51 - -  0.33 
wo . . . . .  0.26 

{ cn 8'21 I 7.13 1,34 0,68 1.46 - -  0.15 
hy fs 7.04 0,87 6,57 2,16 - -  0,07 

ol { fo . . . . . . .  
In . . . . . . .  

m t 2.82 5,82 5,71 2.51 3.01 2.18 2.09 
il 3.49 2.02 4.50 1.69 2.71 0.87 1.22 
ap 1.35 0.70 1,32 0,47 0.94 0,16 1,01 
hm . . . . .  0.30 --- 

Rif t  Floor 

9) Hawai i te :  dolerit ic lava flow (faulted),  15 km from Dehra to Sire. 
10) Alkali t~achyte:  aphyric  lava f rom Adama (Nazareth)  area  (REeossL 1932). 
11) Alkali t rachyte:  subaphyr ic  glassy lava in te rbedded  wi th  pumice on the  wes te rn  

ancient  con tou r  of lake kwasa.  
12) Alkali t rachyte :  porphyr i t ic  lava flow (same as 6 and  7). 
13) Rhyolitic t rachyte :  porphyr i t ic  fine-grained g roundmass  lava flow at the foot  

of the  eas te rn  scarp, 5 km Eas t  of Tulu Moj~. 
14) Rhyolit ic t rachyte :  porphyr i t ic  lava flow f rom Tuhi Moj~ crater .  
15) Porphyri t ic  lava (dome East  of Nazareth)  (Analyst:  R, R. CmNI). 
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TABLE 2 -  Chemical  analyses and  C.I.P.W, no rms  of silicic peralkal ine rocks f rom the 
centra l  pa r t  of the Ethiopian Rift  Valley. 

I6 17 18 19 20 2l 22 

SiO2 65.79 69.27 70.83 74.03 70.54 73.14 70.20 
TiO, 0_53 0.50 0,44 0.40 0,45 0.38 0.38 
AI~O~ 14.56 11.88 10.95 10.58 11.12 9.83 11.12 
Fe20~ 2.95 6.48 4.08 2,88 6.03 4.08 3.77 
FeO 2.70 0.49 2.02 2,07 0,37 1,71 0,85 
MnO 019 0,31 031 020 0.32 029 0.17 
MgO 0.12 0.19 0.16 0,13 0.12 0.12 0.36 
CaO 1.00 019 0.55 0.42 0.47 0,30 0.88 
Na,O 6.37 4.57 5.11 4.67 5.40 4.30 4.71 
K,O 4.65 5.37 3.93 4.17 4,06 4,61 5.58 
P,O~ 0.08 0.03 -- 0.03 0.23 -- 0.04 
H20  + 0.79 0.48 1.33 0.82 0,70 0,91 0.88 
H20- 0.17 0.14 0.29 0.20 0.19 033 1.10 

100.00 100.00 100,00 100.00 100,00 100,00 100.04 

C.I.P.W. Norms  
q 9.40 2331 26.18 3036 25,79 31.74 23,40 
or  27.47 31,72 23,21 25,02 23.98 27 24 33,72 
ab 49,00 3 1.20 34,44 30.92 34.59 24,63 26.59 

I wo 1 , 8 5 0 . 5 1  1.13 0.81 0,34 0.58 1 
di en 0.16 0.44 0.17 0.10 0,29 0.05 3.54 

fs 1,89 - -  1.06 1.72 - -  0.60 
V ~ ' O  . . . . . . .  

t e n  0.13 0.02 0.22 0.20 - -  0 . 1 5 }  
hy fs 1.52 - -  1.33 2.77 - -  1.92 0,43 

ac 4.29 6.55 7.73 7,39 9.76 10,16 1136 
ns  . . . . . .  035 
mt 2,12 1.14 2.04 0.46 0.93 0.93 -- 

il 1.01 0.95 0.83 0.76 0.85 0.76 0.74 
ap 0.19 0.07 - -  - -  0,54 - -  0,09 
h m  h 3.43 - -  - -  2.01 - -  m 
tn . . . . . . .  

Na20+K20 Peralkalini ty Index (P.A.I.) 
mol. 1.06 1,12 1.15 1.15 lo21 123 1,25 

AI20~ 

Somalian Plateau (Trap Series) 
19) Pantel ter i te :  ignimbri te ,  10 km before Asella f rom Adama (Nazareth).  

Rift Floor 
16) Comendit ic  t rachyte :  porphyr i t ic  lava flow from the  no r the rn  slope of Zuquala  

volcano at 2000 m a.s.1. 
17) Comendi te :  ign imbr i te  at  the Billate River bed, 3 km af ter  Colito to Wolamo 

Soddu. 
18) and  20) Pantel ler i tes:  subaphyr ic  slightly glassy lava (dome, Abura).  
21) Pantel ler i te :  recristal ized glassy lava (shear-faulted dome, Agge). 
22) Pantel ler i te :  aphyric  lava in a quar ry  at  54 km from Addis Ababa to Modjo 

(outside the no r the rn  l imit  of the  geological map)  (M~uN,  1953). 
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C o n t i n u e d :  TABLE 2 - Chemical  analyses  and  C.I.P.W. n o r m s  of  silicic peralkal ine rocks  
f r o m  the centra l  p a r t  of  the E th iop ian  Rift  Valley. 

23 24 25 26 27 28 29 

SiO, 72.88 73.47 70.93 72,27 72.88 65.92 70.51 

TiO2 - -  0.42 0.44 0.40 0.42 0.35 0.41 

A120.~ 10.12 9.40 9.54 9,28 9.5t 8.92 9.19 
Fe20~ 6.15 4.92 4.81 6.22 5.22 5,99 3,79 

FeO 1,09 0.63 1.14 061 085 - -  2.26 
MnO - -  0.23 0.29 0.36 0.24 0.23 0.31 

MgO 0.54 0,18 022 0,07 0.I0 0,23 0,05 

CaO 0.64 1.05 0.44 0.25 0,28 0,99 0.27 

Na,O 6,00 4.52 4,72 4,53 4.97 4.75 4.88 

K20 2.54 4.23 4.60 4.96 4.67 4.38 4.74 

P,05 - -  0.01 0.02 - -  0.01 - -  - -  

H20 + 0.42 0.83 2.60 1,05 0.73 8,24 3.12 

H20- - -  0.22 0.20 - -  0.12 - -  0.47 

100.38 ! 00,11 100,00 100.00 100.00 100,00 100,00 

C.I.P.W. N o r m s  

q 29.50 32,52 28,25 30,84 30,18 24,43 29.20 

o r 15.06 25,02 27.17 28.91 27.80 25.88 28.00 

ab 37.91 24.63 23.46 20.44 22.33 21.50 20.88 

I wo  i 0.81 0,85 035 0.58 0.66 0.55 

di en 2.51 i 0.50 020 - -  0.10 0.57 0.01 
fs 0.26 0.70 0,40 0,53 - -  0.6 l 

wo - -  139 - -  0.12 - -  126 - -  

en 0.35 [ - -  0,34 - -  0.10 - -  0.I0 
hy t fs , - -  120 - -  0.79 - -  3,43 

ac I 1.46 12.01 13,91 15.71 15.25 16,45 10.96 

ns - -  - -  0.15 - -  0.61 - -  1,85 

rat 3.20 1.16 - -  1 . 1 6  . . . .  
il - -  0,76 0.83 0,76 0,76 0,49 0.77 

ap - -  - -  0 . 0 4  . . . .  

h m . . . . .  030 

tn . . . . .  0.22 

Na ,O+K20  Pcralkalinity Index (P.A.I.) 
tool. 1.25 1.28 1.34 1.38 1.40 1,42 1.43 

M~O~ 

R i f t  F l o o r  

23) Pantel leri te:  ~gnimbrite nea r  Koka  (PAGLIANI, 1940). 
24) Pantel ler i te:  po rphyr i t i c  lava (series of domes  between Nazare th  and Wonji) ;  

(Analyst :  R. R. CtoNl). 
25) Pantel ler i te :  coarse  ign imbr i te  in te rbedded  wi th  pumice  on  the n o r t h e r n  inner  

r im  of  Corbet t i  Caldera. 
26) Pantel ler i te :  subaphyr i c  lava (dome on the s o u t h e r n  r im of  Corbet t i  Caldera).  
27) Pantel ler i te :  ign imbr i t e  along a faul t  n e a r  a smal l  lake abou t  8 k m  West of  

Colito. 
28) Pante l ler i te :  soft  ign imbr i t e  on top of  faul ted basa l t  abou t  5 k m  Eas t  of lake 

Zwai. 
29) PanteUeri te :  ign imbr i t e  ( same as 27). 
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Continued: TABLE 2 - Chemical analyses and  C.I.P.W. norms  of silicic peralkal ine rocks 
f rom the centra l  par t  of the E th iop ian  Rift Valley. 

30 31 32 33 34 35 

SiO2 71.16 6830 69,64 69,83 70,45 72,23 
TiOz 0.41 0,53 0,44 0,38 0,44 0,34 
AlzO3 9.32 8.26 9.44 8.86 932 8,51 
Fe203 3.53 6.86 5.06 3.91 3,43 3.32 
FeO 2.09 225 1.42 2.M 3,89 4.03 
MnO 028 0.42 0"26 0.26 0,36 0,38 
MgO 0.04 0.21 0.24 0.04 0.05 0.04 
CaO 0.27 0.79 0.54 024 0.33 0.26 
NazO 4.98 4,5"7 5.54 5.12 6.18 6,13 
KzO 4.72 4.09 4,33 4.96 4.48 3.94 
PaOs 0.01 0.02 0,02 - -  0.01 - -  
H20 + 2.87 3.40 2.41 3,74 0.91 0.75 
H20- 0.32 0.30 0.66 0,32 0.15 0,07 

100.00 100.00 100.00 100.00 100.00 100,00 

C.I.P.W. Norms  

q 29.34 27.86 26.00 28.98 26.64 31,44 
or  27,80 24.16 25.58 29.30 26.46 22.80 

ab 21.48 19.71 24.44 17.95 22.99 22.01 

I wo 0,58 1.58 1.06 0.49 0.65 0.58 
di en  - -  024 0,22 0.01 0.01 - -  

fs 0.66 1.47 0.90 0.54 0.72 0.66 
W O  . . . . . .  

I en - -  0,27 0.36 0.08 0.11 - -  
hy fs 4.49 1.66 1.45 3.60 6.35 6.86 
ac 10.16 I6.68 14.63 I 1.31 9.92 9,70 
ns  220 - -  135 2.91 4.19 427 
m t  - -  1 . 5 8  . . . .  
ii 0.76 1.00 0.83 0.72 0.83 0.61 
ap - -  0.04 0.04 - -  0.02 - -  
h m  . . . . . .  
t n  . . . . . .  

Peralkal ini ty Index (P.A.I.) 
NazO+ K20 

moI. 144 1,45 1.46 1.55 1.62 1,68 
AI~O~ 

Ri f t  Floor 

30) Pantel ler i te :  ignimbri te  f rom the SE shore  of lake Awasa. 
31) Pantel ler i te :  ign imbr i te  f rom Boru  River  bed, 11 krn f rom Dehra to Sire. 
32) Pantel ler i te :  ign imbr i te  along a faul t  South  of Gadamsa  Caldera. 
33) Pantel ler i te :  big pumice  f rom the  pyroclast ic  fo rmat ion  in 28. 
34) Pantel ler i te  : non-porphyri t ic  obsidian lava flow on the SE slope of  Alutu volcano. 
35) Pantel ler i te :  non-porphyri t ic  obsidian lava flow at  the n o r t h e r n  base of Alutu 

volcano. 
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In te rmedia te  rocks are relatively scanty and indicate an evolution 
towards  alkaline and peralkaline silicic terms.  The silicic volcanism 
of the Rift is largely peralkal ine (P.A.I. ranging f rom 1,06 to 1,68), 
wi th  p redominance  of pantelleri tes over comendites ,  as indicated by 

" 

i ° ; • 

~"  M o l t  J l A T l Y E  P Q M I G S  ÷ Pnate°l 
• P~ltt 

FIG. 17- Normative quartz-femics diagram (MACDONALD and BAILEY, 1972, in press) of 
peralkaline silicic rocks from the central Ethiopian Rift Valley. 

F 

FT~;. 18 - AFM diagram of volcanic rocks from the central Ethiopian Rift Valley (Total 
iron as FeO). Hawaii suite trends redrawn from MACnONALa and KATSURA (1964). 

the normat ive  quartz-fernics classification diagram of Fig. !7 (MAc- 
DONALO and BAILEY, 1972). Among the peralkal ine silicics, a change 
in the rock type (comendi t ic  t rachyte  - comendi te  - pantel ler i te)  with 
increasing P.A.I. values, is to be noted (see Table 2). 

In the A.F.M. diagram (Fig. 18), the Rift volcanics are disposed 
along a curve which indicates an hypothet ical  iron enr ichment  t rend,  
in te rmedia te  between the alkalic and tholeiitic trends.  The posit ion 
of the two in termedia te  rocks f rom the Somalian Plateau indicates a 
greater  i ron enr ichment  than the equivalent  in te rmedia te  Rift vol- 
canics. 
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S u m m a r y  a n d  C o n c l u s i o n s  

On the basis of the present study, some general geological evi- 
dences emerge. 

1 . -  The tectonic s t ructure  of this por t ion of Ethiopia is rela- 
tively simple. The graben which cuts the uplif ted Ethio-Somalian 
Plateau is dominated by NNE-SSW tensional faults with some rele- 
vant examples of arrangements  in a n ,  en 6chelon ,, style. No trascur- 
rent  faults across the Rift exist. Another characteristic of this struc- 
ture  is its asymmetry which is marked  by the different faulting styles 
of the Plateaux margins and by a strip of tensional faults and open 
fractures more  active and younger in its eastern than in its western 
side. The most  recent volcanism is mainly located along this belt. All 
the volcanism has been produced by fissures parallel to the main tec- 
tonic trend. 

2. - -  Stratigraphically, this region is characterized by several se- 
quences of different volcanic products,  which have been erupted dur- 
ing some ten million years, probably since Eocene up to Recent. Both 
Plateaux are mostly made up of basaltic lava flows, whilst the Rift 
floor is predominant ly  occupied by silicic volcanics, mostly ignim- 
brites. The only non-volcanic rocks of this region are represented by 
widespread lacustrine sediments. Crystalline rocks or marine sedi- 
ments  are completely lacking, even as xenoliths in the most  ancient 
explosive volcanic products  of the Rift floor. So, these rocks, if they 
exist, must  be very deeply buried. 

3. - -  Volcanism, both  on the Plateaux and within the Rift is dom- 
inantly characterized by fissure eruptions as shown by the Plateau 
trap series and by the major i ty  of the volcanics of the Rift floor. 
Impor tan t  volcano-tectonic collapses which produced regional calde- 
ras must  be related to a huge quant i ty  of pyroclastics (mostly ignim- 
brites) emplaced by fissure eruptions.  However, fissure eruptions al- 
ternated, in many periods of the history of the Ethiopian Rift Valley, 
with  the growth of individual volcanoes; some of them, standing on 
the Plateaux, are very large and relatively old. Others, rising f rom 
the floor of the Rift are small and very recent, showing at present a 
considerable fumarolic activity. 

4. - -  The petrology of the Ethiopian Rift Valley and of the neigh- 
bouring Plateaux is far f rom being satisfactorily known, however 
some preliminary indications can be given: 

- -  the basalts of the Plateaux trap series seem to be more  alkalic 
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than those of the Rift which show a transitional nature  between alkali 
basalts and tholeiites. No generalization is however possible, since 
some contrast ing indications are also found, as the presence of in- 
termediate rocks with no alkalic affinity among the Somalian Plateau 
trap volcanics and the apparently strong alkalic character of the last 
basic products  within the Rift. Fur thermore  in the Ethiopian Plateau, 
tholeiitic lavas have been already found in late Jurassic volcanism and 
within the trap series (ABBATE et  al., 1969; LES BAs and MonR, 1970). 

- -  The main petrologic feature of the Ethiopian Rift Valley is the 
abundance of silicic peralkaline volcanics (mainly pantellerites) related 
both  to the fissure activity and to the several central volcanoes rising 
from the Rift floor. Volcanic rocks of intermediate composi t ion (such 
as hawaiites and mugearites) seem to be relatively scarce. 

It  is interesting to note, however, the close association of peral- 
kaline silicic rocks with basalts of transitional nature. Occurrences of 
this magmatic  association are increasingly common,  as it has been 
recently described for Aden and Afar volcanism (GASS and MALL1CK, 
1968; BARBERr et al., 1970). Volcanism and geology are very similar 
to those of the whole East African Rift System, although there are 
important  differences in magma association. Other sectors of this 
s t ructure (KtN6 and SUTHERLAND, 1960; KIN6, 1970) are characterized 
by the association of alkali olivine basalts with typical final alkalic 
products  such as trachytes and phonolites. It seems that the genetic 
model of COOMBS (1963), which postulates association of peralkaline 
silicic rocks with transitional basalts (like in Ethiopia) and association 
of trachytic and phonolitic rocks with alkali olivine basalts (like, for 
instance, in Kenya), may be valid also for the East African Rift 
System. However, geochemical and isotopic studies are needed for 
fur ther  steps in this discussion. 

5. - -  The petrological and volcanological picture of the Ethiopian 
Rift Valley is very similar to that of the continental  Rifts. This part  
of the Ethiopian Rift looks like the central and southern parts of the 
Danakil depression, except for the different tectonic trend. It is, in 
fact, a depressed region affected by tensional tectonics. No evidences 
of crustal separation have been found, but  this area lies probably on 
an at tenuated continental  crust. 

6. - -  The main petrologic problem of the Ethiopian Rift Valley 
is the origin of peralkaline silicic rocks. A genesis by fract ionation 
of basaltic magma,  owing to the presence of magmatic  reservoirs 
could be hypothesized for the pantellerites belonging to the individual 
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volcanoes of this region. At first it seems difficult to admit  a simple 
fractionation origin for the large volume of fissural peralkaline vol- 
canics within the Rift. However, recently BAKER and WOttLENBERG 
(1971) have interpreted the high Bouguer  anomaly, located all along 
the axis of the Gregory Rift Valley, as an evidence of a shallow in- 
t rusion of a basic igneous body (density 3.05, 10 km wide and from 
2.5 km to 30 km deep). This seems to be also suppor ted by a seismic 
refraction survey (GRIFFITrlS et  al., 1971 in BAKER et  al., 1972). Accord- 
ing to BAKER et  al. (1972), the same situation may occur in the Ethio- 
pian Rift where crustal dilatation is supposed to have been even more  
intense than in the Kenya Rift. This could explain the large volume 
of the Rift peralkaline silicic rocks, as the result of fract ionation of 
the basic magma t rapped in such a gigantic reservoir. However, as- 
suming as t rue the apparent  scarcity of intermediate rocks in all the 
region, many doubts on the validity of such a genetic model  remain, 
unless a not well unders tood selective mechanism acts for a preferen- 
tial uprise of peralkaline liquids. 

An origin due to partial melting of an alkali basalt magma at the 
base of the crust  or in the upper  mantle by relief of li thostatic 
load due to crustal warping (BAILEY, 1964), is a model  which is in 
contrast  with the striking evidence of tensional tectonics character- 
istic of the Ethiopian Rift Valley. 
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