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Abstract 

N o r t h  a n d  s o u t h  of the  long  b a s a l t i c  r a n g e  r u n n i n g  f rom Addis  A b a b a  
to D e b r a  B e r h a n  ( E t h i o p i a )  t he re  a re  l a rge  i g n i m b r i t i c  p l a t e a u x  w h i c h  a r e  
veiw s i m i l a r  b o t h  m o r p h o l o g i c a l l y  a n d  l i tho log ica l ly ,  a n d  w h i c h  a re  c o n s i d e r e d  
to be  s t r a t i g r a p h i c a l l y  e q u i v a l e n t  by  p r e v i o u s  r e s e a r c h e r s .  A c c u r a t e  geo log ica l  
r e c o n s t r u c t i o n s  a n d  m a n y  r a d i o m e t r i c  age  d e t e r m i n a t i o n s  h a v e  a l l o w ed  t h e s e  
I:.latc-:mx to be  d i s t i n g u i s h e d  i n to  two  d i s t i n c t  i g n i m b r i t i c  form: ' . t ions .  T h e  
f i rs t  c o r r e s p o n d s  to t h e  m o s t  r ecen t  r o c k s  ( M i o c e n e )  of  t h e  . Alaj i  Se r i e s  >,, 
a n d  the  s e c o n d  to the  P l iocene  . B a l c h i  Ser ies , , .  T h e  two f o r m a t i o n s  a r e  
s e p a r a t e d  f r o m  o n e  a n o t h e r  by b a s a l t s  a t t r i b u t a b l e  to t h e  . T e r m a b e r , ,  cen- 
t ra l - type  v o l c a n i s m  t a k i n g  p lace  in the  Addi s  A b a b a - D e b r a  B e r h a n  a r ea  m o r e  
r e c e n t l y  t h a n  in o t h e r  p a r t s  of  the  E t h i o p i a n  p l a t eau .  

Introduction 

The area between Addis Ababa and the Debra Berhan zone 
(Fig. 1) at the boundary between the Ethiopian plateau and the 
escarpment sloping down to the Main Ethiopian Rift and to south- 
western Afar, has a very complex geological setting. From the morpho- 
logical point of view, this area is formed by a series of reliefs 
stretching on a SW-NE direction and including the Entotto-Rufi- 
Ciolle-Caho mountains and, east of Shano, the Megherez-Ankober- 

~' This work was financed by Consiglio Nazionale delle Ricerche as part  of the 
p rogramme . Ricerche geologiche e petrografichc in Africa Orientale  .. 

** Is t i tu to  di Mineralogia e Petrologia, Universit/a di Padova, Italy, 
**"° Is t i tu to  di Gcochimica, Universit/~ di Roma, Italy. 
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Woti and Termaber mountains. This long chain made up almost only 
of basalts separates two very large ignimbritic plateaux, extending 
one towards the Ethiopian plateau, and the other towards the Ethio- 

FI6. 1 - T o p o g r a p h i c a l  s k e t c h  m a p  of the  s t u d i e d  area .  

pian rift. Both the plateaux have about the same elevation and are 
made up of acidic rocks (trachytes, trachyrhyolites, and alkali- 
rhyolites). 



- -  239  - -  

GORTANI and BIANCHI (1941; 1973) considered the whole sequence 
of acidic and  basic rocks outcropping on the area as belonging to 
the Oligocenic << Magdala Series >>. 

MILLER and MOHR (1966) were the first to give the radiometr ic  
age (4.5 m.y.) of a rhyolite from the Addis Ababa zone (summit  of 
Wachacha volcano). On the basis of this dating MOOR (1967) considers 
as Pliocenic not only the acidic rocks of the Addis Ababa plain, 
but also the << rhyolites ,, outcropping on the nor th  along the Afar 
margin from Meghezez to as far as Dessie and Woldia. That is, he 
considers all these << rhyolites ,, more recent than the << Shield Group 
Basalts ,,. 

BRock, Gn~soN and GACIt (1970) on the basis of a 250 m thick 
sequence of basic and acidic rocks exposed in a canyon of the 
upper basin of the Cassam river in the Aliltu region, consider the 
volcanic sequences of the Ethiopian plateau as <~ a single complex 
strat igraphic unit ,, whose lowest rhyolit ic member  gave a radio- 
metric age of 21 rn.y. and the upper (youngest)  member,  at  the top 
of the sequence, gave an age of 9 m.y .B .P .  

According to ZANETTIN and Jt;STIN-VISENTIN (1973), the acidic 
.i'ocks ( interbedded with greater or lesser amounts  of s t ra t i form 
basalts) of the central-eastern Ethiopian plateau form a large and 
continuous cover extending from Amba Alaji to the Debra Berhan 
and Mugher areas. These acidic rocks lie on the , Aiba Flood Basalts ,, 
and are overlaid by the ~, Termaber  Basalts ,> which are the products  
of a central-type volcanism. 

In spite of the lithologic, morphological and topographical simi- 
larities with the , Alaji Rhyolites ,, the acidic rocks forming the 
plateau on the south of the Addis Ababa-Sendafa road belong to a 
more recent volcanic series, which has been called the , Balchi 
Series ,, (ZANETTIN and JtJSmI.N-VtsEN'r~N, I974). 

G e o l o g i c a l  S e t t i n g  a n d  R a d i o m e t r i c  Age  D e t e r m i n a t i o n s  

The areas surveyed for this s tudy are the following: 

i) the terr i tory crossed bv the Debra Berhan-Addis Ababa 
road from a) Debra Berhan to Shano, and b) from Shano to the 
eastern slopes of Entot to  Mts.; 

ii) the terr i tory around Addis Ababa; and 

iii) the Cassam Canyon. 
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A br ief  descr ipt ion of their  geology and the rad iometr ic  ages 
of  the analysed samples  are hereaf ter  repor ted.  

Radiomet r ic  age determinat ions  (Table l, Fig. 2) were  carr ied 
out  at the Ins t i tu te  of Geochemistry  of the Universi ty of R o m e  
according to the following procedure .  Concentra tes  of anor thoclase  
(in a single case, of sanidine) obta ined  using normal  enr ichment  

x 

$ 

/ 
1 I~ 72 no . ~  
2 ( I  71 11T 
3 ~ 72 ~25 
4 I[I 73 I? 
5 et  71 714 

7.. 1 a t2 + / /  j er 73 3 

........ / 
9 let ?2 10 

6 -  IO Ee "/2 In  ~*~ 
11 s~ 72 2a 
,+ t ,  = ,3s  / 
14 I(a 73 1:3 
S5 t r  

4 -  

2 -  

Fit;. 2 -  K/At dating of the rocks of the Debra Berhan-Addis Ababa area:  Isochronal 
representat ion of the experimental results. 
Symbols of rock samples as in Table 1. 

methods  have been used. Argon was de termined by isotopic dilution 
with 3SAt as an internal s tandard  using an A.E.I. M S 10 spectrom- 
eter (~). The extract ion line reduced to a very small volume al lowed 
rapid and efficient purifications to be made. K was  de te rmined  using 
an Optica C.F. 4 flame spec t rophotometer .  Age measuremen t s  on a 
P207 muscovi te  s tandard gave a value of 80.2 _~ 2 m.y. which is in 
very good agreement  with the proposed  value of 80.1 ~ 1 m.y. 

As a prel iminary information it is to be pointed out  that  the 
long mounta in  range running from the Gorfo and Ruff mounta ins  
to the Ankober  and Termaber  mounta ins  is made  up of ,, Te rmaber  
Basalts  ,, and lies over the <, Alaji Rhyolites ,, ou tc ropping  on the 

(~) This spectrometcr  is particularly versatile owing to the reproducibili ty and 
rapidity of measurements ,  and to an almost complete non-existence of effects of 
memory and fractioning twhen the work is done at very low pressures,  < 10 ' m m  Hg). 
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Ethiopian p la teau  be tween  Debra  Berhan and the Mugher  river area 
(ZANETTm and JUSTIN-VISENTIN, 1973). Only the En to t to  hills are 
fo rmed  of , rhyolites ~,. 

Territory Crossed by the Debra Berhan-Addis Ababa Road 

a) F rom Debra  Berhan  to Shano:  

The ignimbri tes  of the Debra  Berhan area p robab ly  fo rmed  a 
large flat plain, now deeply e roded by the t r ibutar ies  of the Adabai 
river. Along the road  to the Te rmaber  pass these ignimbri tes  are 
covered by , Termaber  Basalts  >~ (Fig. 3). 

-" o i - 

i " ; '  " " ! z 

I I I l l  I I I [ I 1 

i I s~ 'v"  

! : -  -:- -:_ ~_ - - - V  "~ .... ~ ~ , ~ : ~ - , ~  

" ' ~6~  - -  ,~o i ~ - -  - -  3~ -  **o ~ -  Jto ~o s'o ~o , , 6~  ~ i o , . . . .  

Fi~. - 3 Geologic  c r o s s  s ec t ion  f r o m  D e b r a  B e r h a n  to  Addis  Ababa .  

K/Ar age determinat ions  gave values of 15,4 ± 0.3 l~,y. for  the 
upper  m e m b e r  of the ignimbrit ic  sequence;  and of 13 ± 0.6 m.y. for  
the overlying basal t ic  flow (Teledyne Isotopes) .  Similarly near Men- 
dida on the road to Giurru the K/Ar  age of a rhyoli te underlying the 
- Termaber  Basal ts  ,, is 15.8 +_ 0.5 m.y. These values are consistent  with 
a 15-16 m . y . B . P ,  age for  the la test  emissions of ,, Alaji Rhyoli tes >,. 

The Addis Ababa-Debra Berhan  road crosses the basal t ic  range 
near  Shano linking the nor thern  ignimbri t ic  pla teau wi th  the southern 
one. Near  Shano (ca. 2,800 m a.s.l.), an ignimbri t ic  cover has given ages 
of 11.3 ± 0.3 m.y. and 7.8 + 0.25 m.y. and has been  a t t r ibu ted  to the 
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,, Balchi Series ,, (ZANETTIN and JUSTIN-VISENTIN, 1974). Such ignim- 
bri t ic  cover overlies the basalts  with large plagioclase phenocrys t s  
f rom the volcano Meghezez (3,603 m a.s.l.) which  are  13 ! 0.6 m.y. 
old and belong to the ,, Te rmabe r  Series ,,. Southwards ,  the ignim- 
brit ic cover is th icker  and more  cont inuous  while no r thwards  it 
becomes th inner  and, f rom a certain point  onwards ,  it is f ragmented  
due to an erosion process - -  SW of the road between Shano and the 
Chacha bridge and towards  Debra Berhan  rounded  remainders  of this 
ignimbri t ic  cover are very often found over the basalts.  In such cases, 
it is quite obvious that these are ,, pos t -Termaber  ,, ,, rhyoli tes  ~,. When 
the ,, rhyoli tes  ,, lie directly over  the ,, Alaji Rhyolites ,, it is pract ical ly  
impossible to dist inguish the ,, Alaji >, f rom the ,, Balchi ,~ ,, rhyol i tes  ,, 
on the field. E . g . ,  in the Debra Berhan zone, a ,, rhyol i te  ,, sample taken 
in the town gave an age of 11.0 ~ 0.3 m.y. which is r a the r  lower than 
the age of the sur rounding  acidic rocks (15-16 m.y.) and of the 
,~ T e r m a b e r  B a s a l t s ,  (13 m.y.), whereas  it is close to the age of a 
,, Balchi Rhyolite ,, collected near  Shano. 

b) From Shano to the eastern slopes of En to t to  Mts. 

Aliltu, Sendafa  and Lega Dadi (Fig. 3) are s i tuated at the north- 
ern boundary  of the large ignimbri t ic  plateau extending f rom Addis 
Ababa to the Cassam Canyon. The ignimbrites overlay the ,, Ter rnaber  
Basalts ,,, as it can be seen in many valleys - -  near the dam of the 
Lega Dadi river; on the Cafl'a river, near  the village of Lega Dadi; 
near Lega Tafo. The s t ra t i fo rm acidic rocks are thus to be refer red  
to the ,, Balchi Rhyoli tes , , ,  as shown also by K/At  age de te rmina t ions  
(7.73 _~ 0.25 m.y. and 5.0 L 0.16 m.y. for two samples collected near  
the village of Aliltu and along the Caffa river, respectively).  There- 
fore, the ,, Balchi ,, ,, rhyolit ic ,, cover  would extend, to the north,  
as far as the Bereck and Ruff basaltic mountains .  

On the west of Lega Taro where  the ,, T e r m a b e r  Basalts ,, are 
covered by the ,, Balchi Rhyolites ,, it rises up Mt. Dodde forming 
the eas tern  par t  of the En to t to  hills. There,  thick, compact ,  massive 
rhyolit ic lavas, pink to milky-white in colour,  ou tc rop  cut sharpy bv 
faults. A K/Ar  age of 22.1 v 0.4 m.y. indicates that  these lavas belong 
to the ,, Alaji Rhyolites ,,. These lavas make up a thick pile of flows 
accumula ted  alo,lg E-W fissures and uplif ted no r thward  (ZANeT'rl.x 
and Jt;STIN-V~sEN'rlN, 1974). 
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Territory around Addis Ababa 

Addis Ababa is located at the southern  foot  of Mt. Entot to .  
Between Mt. Dodde - -  on the road to Debra Berhan - -  and Lake 
Gefarsa i on the road to Ambo - -  the hills are composed of thick 
acidic lava flows belonging to the ,, Alaji Rhyolites ~,, whereas  at the 
Entot to  pass highly pumiceous  tufts and glassy lavas outcrop which 
are difficult to be a t t r ibuted  to this series. Near  the Ento t to  church,  
about  3,100 m a.s.l., a layer of fine-grained basalts overlies the rhyo- 
lites. 

i I I ] ] I  ] I i 
a s  m.y. I m ,  T . 4.~ m,y, • 

F~-r~e-d "~'~,:~ , ~ Y~i~i. ~ "~''' , , , , ,  . . . . .  ~ : : : : :  .... ~ : : : ; = '  ~ : ' . ' - ~  . . . . . . . . . . . . . . . . .  

Ft6 . -  4 Geologic cross section from Mugher River to Akaki River. 

On both sides of the Ento t to  hills, thick lateritic palaeosoils 
separate  Miocene holocrystal l ine rhyoli t ic  lavas f rom compact  very 
fine-grained and spheroidally fissured basalts (Fig. 4). 

On the no r the rn  ignimbrit ic  plateau, the same sequence: ignim- 
brites-red later i tes-compact  fine-grained basalts can again be found. 
This suggests that  these ignimbrites also belong to the ,, A1aji Series ,>, 
as a rad iometr ic  age of 25.1 _+ 0.5 m.y. would confirm (2). The com- 
pact  basalts covering the ignimbri tes  wi th  flows of variable thick- 

(2) Determined on a sample collected 7 km f rom Derba along a t rack leading to 
the canyon floor. 
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nesses, belong to the ~ Alaji Series ~. They often underl ie  huge masses 
of ,~ Termaber  Basalts 7, - -  e.g., Mt. Gorfo - -  but sometimes form 
wide s t ructural  plains. 

Near Sululta, on the plateau, there are small patches of ignimbri tes  
whose K/Ar  age is 5.3 ± 0.25 m.y. They are therefore - Balchi Rhyo- 
lites ,, probably emit ted by the volcano Wachacha.  

At the foot of the Addis Ababa hills, the , Balchi Rhyolites ,, 
- -  which in this area can clearly be a t t r ibuted  to the act ivi ty of the 
volcano Wachacha - -  overlie the above ment ioned Miocene lateritized 
rhyolites, or the basalts which cover these rhyolites locally (Fig. 4). 
A K/Ar  age determinat ion for a sample f rom near Lake Gefarsa 
gave a value of 4.5 + 0.12 m.y. which is in good agreement  with the 
age of a lava flow at the summit  of Wachacha (4.5 m.y.) (MILLER 
and Moua, 1966). 

The ignimbritic plateau dipping southwards  disappears near 
Akaki under  the , Bishoftu Basalts ,, (ZANETTIN and JUSTIN-VISEnTIN, 
1973) and reappears in the canyon of the Akaki river (Fig. 4). A sample 
collected in that  zone gave a K/Ar  age of 5.2 ± 0.16 m.y. 

Cassam Canyon  

The rock sequence of the Cassam canyon, between the village 
of Tosi (2,620 m a.s.l.) and the canyon tloor (ca. 1,600 m a.s.1.) is 
made up of in terbedded basalts and , rhyolites ,, (Fig. 5). The lowest 
not very thick acidic layer is found at 1,860 m a.s.l, and gave a K/Ar  
age of 2 3 . 4 ±  0.4 m.y. I t  overlies the , Alaji Basalts ~ which are at 
the canyon bottom. A trachytic layer outcropping between 2,100 and 
2,200 m a.s.l., and forming the small plain on which the village of 
Dingai Bar is located, gave instead a K/Ar  age of 15.6 ~ 0.3 m.y. 
Another thin , rhyolitic 7, layer at 2,370 m a.s.1, has an age of 
13.1 ± 0.3 m.y. Such ages are consistent with the ages of the , Alaji 
Series ,, suggesting that  the , rhyolites ,,-basalts sequence of the Cas- 
sam canyon belongs to this series. 

On the contrary,  the , rhyolites 7, which close the sequence and 
which form the large plateau extending towards Addis Ababa, are 
to be a t t r ibuted  to the , Balchi Rhyolites ,,. This conclusion is cor, 
roborated by the unconformi ty  between the , Alaji 7, and the , Bal- 
chi ,, Series (ZANETTIN and Jus'riN-VisEN'rln, 1974) downst ream of 
the above described Cassam canyon exposure. 
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The Cassam sequence can be compared  wi th  the rock sequence 
described by REX, GIBSON and DAKIN (1970) for the nor the rn  slope 
of the same canyon. These au thors  give an age of 21 m.y. to a layer 
near the bo t tom of the sequence, and an age of 9 m.y. to a layer at  
the summi t  of the sequence. If our  values are compared  with these 

~ W  

t~ 
o 

i NE 

~ 16 m?. 

FIG.-  5 Geologic cross section of the Cassam Canyon. 

latter values, the 21 m.y. old layer can be a t t r ibuted  to the ~, Alaji 
Rhyolites ,, and the 9 m.y. old layer can be put  in relation with the 
rhyolites outcropping near Aliltu which have an age of 7.7 + 0.25 m.y. 

P e t r o g r a p h i c  O u t l i n e s  

The rocks composing the two ignimbri t ic  plateaux in the surveyed 
area have been a t t r ibuted  chiefly to the ,, Alaji ,, and to the ,, B a ] c h i ,  
Series (ZANETTIN and JUSTiN-VISENTIN, 1973; 1974 ZANETTIN et  al., 
1973). Their petrographic  features and main differences are hereaf ter  
briefly described. 

,~ A la j i  R h y o l i t e s  ,, 

These rocks can be subdivided into two groups:  i) volcanic rocks 
forming very extensive covers of constant  thickness; and i i)  volcanic 
rocks forming large relief - -  e.g., Mt. Entot to .  

10 



- -  247 - -  

i) Acidic Covers: These are in general made  up of scarcely 
compac t  rocks varying in colour  f rom whi te  to red. Macroscopical ly,  
the rocks have a porphyr i t ic  texture and are fo rmed  of rounded  grains 
of quartz  and euhedral  phenocrys ts  of fe ldspars  cemented  in a micro- 
to cryptocrystal t ine groundmass.  Fragments  of lens-shaped basal ts  
are quite  common (normally not larger than 2 × 0.5 cm). Small 
glassy lenses are also recognizable, together  with pumices  which are 
somet imes  squeezed between the phenocrysts .  Axiolites occur  fre- 
quently,  while spheruli tes are rarer. In some cases, s t reams of vesicles 
are very clear. Somet imes  the g roundmass  is red coloured due to 
microgranules  of iron oxides. The phenocrys ts  may be very large 
and are more  or  less irregular in shape. 

Quartz occurs  as both  corroded and euhedral  or  anhedral  crystals.  
Sanidine a n d / o r  anorthoclase  were found in all the rocks (2V:< : 15"-52°), 
and are generally twinned according to the Carlsbad law and to the 
albite and pericline laws, respectively. Plagioclase (15-25 % An) is 
rarer  and somet imes  may lack completely.  It is fresh, weakly  zoned, 
and normally twinned according to the albite, albite-Carlsbad and 
pericline laws. Dark minerals are generally very scarce; an amphibole  
in perfectly fresh euhedral  crystals  (p leochroism from yellow to 
reddish-brown,  ZA 7 = 15-18") has been defined as oxyhornblende.  
Aegirineaugite (pleochroism in green; ZA 7 = 65-70") was also found 
though rarely. In some cases very abundan t  crystall i tes were noticed, 
whose  optical characteris t ics  could not well be de termined even though 
they can probably  be a t t r ibu ted  to aegirine or  aegirinaugite. Such 
crystall i tes are dis t r ibuted in the matrix forming spots,  tuft-like and 
comb-like aggregates. Magnetite, ilmenite, apatite,  zircon and futile 
are accessories. 

ii) Volcanic Rocks Forming Large Reliefs: These are preva- 
lently compact  rocks deep to pale pink, b rown or off-white in colour,  
which break up conchoidally or  in sharply angular fragments.  Irreg- 
ular trains of minute pale granules of ten form small recumbent  
folds giving the rock a flow structure.  Vacuoles and a very charac- 
teristic fissuring due perhaps  to a differential al terat ion can qui te  
often be noted. 

Most of these rocks are holocrystal l ine with more  or  less abun- 
dant euhedrat  phenocrysts  most ly of feldspars.  The g roundmass  is 
made up of an intergrowth of microli tes  of feldspars,  quar tz  and 
opaque  minerals.  These latter are d is t r ibuted  irregularly clustering 
in dark-red spots. 
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Sanidine a n d / o r  anorthoclase  phenocrys ts  (2V, z = 7-50 °) display 
their  typical twinnings and in places are  somewhat  cloudy due to 
an incipient a l terat ion into kaolin. Plagioclase (20-26 % An) is very 
scarce, and somet imes  may  lack. It  is twinned and unzoned. Its core 
is of ten altered. Somet imes  plagioclase crystals made  up of alterna- 
tively al tered and fresh concentr ic  zones are present.  In  o ther  cases 
the al terat ion is l imited as usually to fractures,  cleavages or com- 
position faces of the twins. In  all cases the al tered zones are charac- 
terized by the constant  occurrence  of  fine-grained i ron oxides. Quartz 
phenocrysts  are in general  absent  and, when present,  they are even 
ra re r  than  the plagioclases. Fer romagnes ian  minerals  are  absent  or  
rare. Occasional relics of small pr ismatic  crystals probably  of biotite 
or  of a b rown amphibole  have been noticed. Patches of zeolites, 
serpentine and rare  accessories, such as apatite, zircon and ruffle, 
also occur.  

B a l c h i  R h y o l i t e s  ,~ 

These silicic rocks are  qui te  young, and are  found  in the south- 
ern par t  of the examined area. Macroscopically they are  scarcely 
compact  rocks, whit ish or pale-green in colour. Locally, there are  
slightly indura ted  fine-grained tufts, giving a character is t ic  morphol-  
ogy to the landscape. Compact  and glassy lavas are locally present  
which are  normal ly  pale-green, a l though yellowish or  orange types 
also occur. 

All the rocks have a glassy groundmass  with more  or  less devit- 
rifled spots or veins. Ext remely  fine-grained mesostases  occur  qui te  
frequently,  somet imes with eutaxitic and pseudo-fluidal s t ruc ture  
easily recognizable for the curving of the ,~ f iammae ,, near  the pheno- 
crysts. The ,, f iammae 5~ vary in colour  f rom dark  b rown to pale 
yellow. ,, F iammae  ,5 of all these shades can even be found in a single 
sample. Basaltic and ,~ rhyoli t ic  5, xenoliths are present.  Among these, 
f ragments  of ,, Alaji Rhyolites 5, (which m a k e  up the reliefs, like 
Mt. Entot to)  can be found.  These f ragments  have not  only been 
found in the immedia te  proximity  of the reliefs but  also at 2-3 k m  
away, suggesting the  presence of ,, Entot to- type rhyoli tes ,7 below the 
recent  ,~ Balchi Rhyolites ~ cover. 

The phenocrysts  of the ,~ Balchi Rhyolites 7, are  mainly  feldspars 
(sanidine a n d / o r  anorthoclase,  2V~--20-53 °) and subordinate  quar tz  
and  plagioclase (17-25 % An). They are  euhedral  of ten f rac tured  
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almost  always unal tered and sometimes deeply corroded and  embay- 
ed crystals. Dark minerals are in general scarce and occasionally they 
are absent. A brown fresh amphibole,  identified as oxyhornblende 
( Z A y  ---- 15-20°; 2V. z ---- 72 °) occurs locally. Moreover, minute  emerald- 
green crystals of pyroxenes - -  aegirine and, more  rarely aegirine- 
augite (ZA0~ = 25°; 2V., = 87 °) - -  are present.  I ron oxides and zeolites 
are abundant ;  rutile, zircon and apat i te  are less common.  

In conciusion, the rocks forming the two ignimbrit ic  plateaux 
of the Addis Ababa and  Debra Berhan areas - -  that is, the , Balchi 
Rhyolites ,, and the , Alaji Rhyolites ,, - -  are d~ticult to be distin- 
guished f rom one another  both on the field and under  the microscope. 
From the microscopic point of view the only difference is a relatively 
greater amount  of alkalflae pyroxene in the , Balchi Rhyolites ,, than 
in the , Alaji Rhyolites ~,, as shown on a statistical basis. The lava 
accumulat ions of t h e ,  Alaji Series ,, making up the Ento t to  and Dodde 
mounta ins  are however clearly dist inguishable for their  macro- an3. 
microscopic features as previously described. 

P r e l i m i n a r y  C h e m i c a l  C o m p a r i s o n  

A chemical comparison between the rocks of the , Alaji ,, and 
,, Balchi ,, Series may be of some difficulty in that  in the surveyed 
area the , Alaji Rhyolites ,, outcrop only around Debra Berhan where 
the , Balchi Rhyolites ,, lie directly over them and therefore it is 
often impossible to ascribe the rock samples for certain to one or 
the other series. Thus, the chemical analyses of the ,, Alaji Rhyolites ,, 
outcropping slightly to the east of the surveyed area, in the Afar 
margin, have been used for a comparison with those of the rocks 
of the two series with SiO2 between 68 and 71% corresponding to 
the most  frequent  SiO2 contents measured up to now for the , Balchi 
Rhyolites ~,. 

, A la j i  R h y o l i t e s  ,, , B a l c h i  R h y o l i t e s  
SiO: 68-71% 

AI,O~ 13-14 % 10-12 % 

Fe20~ + FeO 3-4 % 4.5-6.5 % 

MgO 0.4-0.8 % 0.3-0.4 % 

CaO 0.5-I.5 % 0.4-t % 

Na:O 4-6 % 4-5 % 

K,O 4-6 O,'~ 4-5.5 t~ b 
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The difference in chemical  composi t ion  is too slight to cause 
a different mineralogical  composi t ion  be tween  the rocks of the two 
series. The higher Fe contents  in the , Balchi Rhyoli tes  ,, account  
for  their  being relatively rich in soda pyroxene.  

If we compare  the chemical  composi t ion  of the Miocenic lavas 
making up the Ento t to  and Dodde reliefs (SiO2 71-74 %) wi th  that  
of the con tempora ry  , ,  rhyolit ic ,, cover wi th  an equal  silica content  
(see below),  we note  that  the very little amount  of Mg and Ca in 
the Ento t to  rhyolites accounts  for  the absence of mafic silicates and 
for the rare or  absent  plagioclases in these  rocks.  This fact, together  
with their textures,  allow these lavas and the other  acidic rocks 
occurr ing in the s tudied area to be surely dist inguished f rom one 
another.  

. R h y o l i t i c  ,~ C o v e r s  

, A l a j i  R h y o l i t e s  ~, 

SiO2 71-74 % 
E n t o l t o  L a v a s  

AI~O~ 11.5-12.5 % 13.5-14.5 % 

Fe20~ + FeO 2.5-3.5 % 1,5-2 % 

MgO 0,1-0.6 % 0.03-0.04 % 

CaO 0.2-0.8 % 0.05-0.1% 

Na20 3,5-5 % 5-5.5 % 

K:O 4-6 % 4.5-5 % 

These conclusions mus t  be considered as prel iminary,  and other  
compar isons  based  on a large number  of chemical  analyses of all 
the rock  types in each of the two  volcanic series are necessary.  These 
data  will short ly  be  publ ished in a work  on the ,, Alaji ,, a n d ,  Balchi ,~ 
Rhyoli tes of the vast  te r r i tory  included be tween  Amba Alaji and the 
Somali  plateau. 

We would  emphasize,  however ,  that  a compar i son  be tween  the 
rocks of the , Alaji Series ,, and those  of the ,, Balchi Series ,, may 
be of little significance unless radiometr ic  data  are used.  

Conclusive Remarks 

On the basis of field observat ions  and of radiometr ic  age deter- 
minat ions some new results  f rom the strat igraphic,  chronologic and 
tectonic points  of view have been reached for  this par t  of Ethiopia.  
These can be summar ized  as follows: 
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i) The large s t ructural  plateaux on the  nor th  and south of 
t h e .  Termaber  ,, basaltic range are made up of s t ra t i form e rhyoli tes ~ 
belonging to two volcanic series which are s trat igraphical ly and 
chronologically quite distinct: t h e .  Alaji ,, and t h e .  Balchi ,, rhyolit ic 
series. The two plateaux had been considered by previous authors  
as belonging to the same series; some authors  ( G O R T A N I  and B I A N C H I ,  

1941; 1973) a t t r ibut ing them to the older ( ,  Alaji ,,) series; and others  
to the more recent (,  Balchi. ,,) series (MoHR, 1967). 

i i )  The upper  mernbers of the ~ Alaji Rhyolites ,~ outcropping 
in this area are about 15 m.y. old. This age is not only based on 
K/Ar age determinat ions  on the rhyolites (Table 1) but it is confirmed 
by the K/At  age of the immediately overlying , Termaber  Basalts ,, (3). 
The older members outcropping near Derba (Mugher canyon) and 
in the Cassam canyon arc 25.1 and 23.4 m.y. old, respectively. The 
acidic lavas making up the Entot to  hills arc slightly younger  - -  22.1 
m.y. old. These age values point therefore to a Miocenic age for the 
, Alaji Rhyolites ,, of this area. 

i i i )  The central , Terrnaber ,, volcanism - -  in the Tcrmaber- 
Meghczez area - -  seems to have taken place within a relatively short  
period of time: f rom 15 m.y. (the most recent age measured up to 
now for the upper members of the , Alaji Rhyolites ,,) to 11 m.y. 
ago (the age of the oldest members  dated up to now [or the ,~ Balchi 
Rhvolites ,,). The K/At  age for two basalts is 13 m.y. Since these 
basalt samples were taken from tlows emit ted by scarcely known 
volcanoes, it is impossible to say whether  they represent the initial 
or the final products  of the , Termaber  ,, volcanism. 

It is wor th  noting the remarkable  difference in age between the 
basic central volcanism of the Ankober-Meghezez area and the central 
volcanism of the Kombolcha-Eloa area; in fact in the latter area the 
volcanism took place in the time interval from 28 to 18 m . y . B . P .  
( J U S T I N - V I S E N T I N  and ZANiZ'r'rlN, 1974) according to radiometr ic  data  
given in MEGRUE e t  a l . ,  1972. 

(~) A p r e l i m i n m y  chrono log ica l  i n f o r m a t i o n  r e p o r t e d  in Z:~Nr~l"t'Ax and  J~srlN-V~- 
.~,li'xt{N (1973) on a pure ly  ind ica t ive  point  of  view m u s t  t h u s  be cozrec tcd .  However ,  
it w a s  c lear ly  s l a t ed  in thaL work  lhal  the  c o n c l u s i o n s  were  based  u p o n  a lew pre l im-  
innry  r a d i o m e t r i c  da ta  ob t a i ned  for b a s a l t s  s a m p l e d  {ust  in Ihc Dcbra  B e r h a n  
:.,l-ca, 

15 



252 

iv) The ,< Balchi ~, silicic volcanism, mainly Pliocenic in age, 
first began in the Debra Berhan and Shano zones, i.e. north of the 
Cassam Canyon. In fact, in this area there are the oldest post-Termaber 
rhyolites (K/Ar age : ca. 11 m.y.). To the south and west in the areas 
of Lega Dadi, Addis Ababa and Akaki Canyon, the rhyolites are 
younger dating back to about 5 m.y. Still more recent age values are 
evidently related to products emitted by the volcanoes rising on the 
Pliocene ignimbritic plateau. 

v) Petrochemical investigations show that the ,, Alaji ~, and 
the ,, Balchi >, stratiform rhyolites are very similar and difficult to 
be distinguished from one another unless particularly favourable 
stratigraphical sequences ar.e exposed. In the other cases the two 
series can be differentiated only by means of radiometric age deter- 
minations. 
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