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ABSTRACT 

C o r b e t t i  geothermal prospect  i s  i n  t h e  main 
Ethiopian r i f t  wi th  ex tens ive  su r face thenml  
man i fes t a t ions .  Hydrothermal a c t i v i t y  took 
p lace  i n  a s e t t i n g  of a l t e rna t inghydro lq ica l  
changes, denudation,  sedimenta t ions  and 
pe r iod ic  volcanism wi thin  t h e  ca lde ra  f l o o r .  
Hydrothermal f e a t u r e s  a r e  c o n t r o l l e d  by 
volcanological  and t e c t o n i c  s t r u c t u r e s  such 
a s  ca lde ra  r i m  f r a c t u r e s ,  f i s s u r e s ,  f a u l t s  
and e rup t ion  c e n t e r s .  The main s u r f a c e  
a l t e r a t i o n  minera ls  a r e  c l ays .  

Caldera and p o s t  ca lde ra  l a v a s  a r e  pera lka-  
l i n e  r h y o l i t e  ( p a n t e l l e r i t i c  r h y o l i t e )  a s  
confirmed by pet rochemis t ry .  There i s  
a change i n  chemistry between p o s t  ca lde ra  
and c a l d e r a  rocks .  The movement of sub-sur- 
f a c e  ho t  geothermal f l u i d  is  from C o r b e t t i  
c a l d e r a  t o  Lake Sha l l a  which i s  supported by 
l o c a l  hydrological  g r a d i e n t  and e l e c t r i c a l  
r e s i s t i v i t y  r e s u l t s  where  an e lonqated low 
r e s i s t i v i t y  s t r u c t u r e  a long t h e  Wonji f a u l t  
b e l t  i s  opening t o  Lake Sha l l a  from t h e  
c a l d e r a .  The l o w  r e s i s t i v i t y  anomaly i s  
as soc ia t ed  with nor thern  c a l d e r a  r i m  s t r u c-  
t u r e  and c r a t e r s .  The e a s t e r n  component i s  
r e l a t e d  t o  i n f e r r e d  ca lde ra  r i m  and E-W 
f i s s u r e s  with hydrothermal f e a t u r e s .  Southern 
h a l f  of the  c a l d e r a  is  cha rac te r i zed  by high 
r e s i s t i v i t y  p rope r ty  t h a t  may n o t  mean t h e  
absence of geothermal r e s e r v o i r  underneath 
b u t  could be  t h e  e f f e c t  of topography, coupl- 
ing  e f f e c t  and inhomogeneity of t h e  c a l d e r a  
complex. 

Two dimensional denser  i n t r u s i v e  body i s  
assumed due t o  t h e  presence  of >10 mgals t h a t  
could n o t  be compensated by topographic effect 
between Lake Sha l l a  and Lake Awassa. 

The i n f e r r e d  c a l d e r a  r i m  i s  supported by t h e  
Bouguer anomaly map of t h e  prospect  a r e a  and 
geo log ica l  evidence.  

INTRODUCTION 

C o r b e t t i  geothermal prospect  i s  loca ted  i n  
t h e  c e n t r a l  p a r t  of t h e  main Ethiopian R i f t  
( l a k e s  d i s t r i c t  r i f t  F ig .  1 )  which is  p a r t  of 
t h e  Afr ican R i f t  System t h a t  i s  a major 
t e c t o n i c  s t r u c t u r e  r e s u l t e d  from diverging 
l i t h o s p h e r i c  p l a t e  movements dur ing T e r t i a r y  
t imes.  S t r u c t u r a l l y  t h i s  system i s  a broader 
graben t rending i n  a NNE - SSW d i r e c t i o n .  
Most of t h e  system i s  cha rac te r i zed  by r e c e n t  
t e c t o n i c  , vo lcan ic  and hydrothermal activities. 

C o r b e t t i  ca lde ra  i s  covered by Quaternary  
p a n t e l l e r i t i c  vo lcan ics  ( r h y o l i t e s  and basalts) 
and recen t  sediments.  The pe t rogenes i s  of 
t h e s e  p e r a l k a l i n e  r h y o l i t e s  is  i n f e r r e d  t o  be 
t h e  c r y s t a l  f r a c t i o n a t i o n  of pa ren t  b a s i c  
magma. 

Based on geothermal cons ide ra t ions  f o r  power 
production,  C o r b e t t i  ca lde ra  (Fig.2) i s  
a. promising geothermal prospect  

. .  
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1 
C o r b e t t i  c a l d e r a  i s  r e s u l t e d  from t h e  e rup t ion  
of l a r g e  amount of p e r a l k a l i n e  r h y o l i t e ,  
ignimbri te  and pumice t h a t  produced reg iona l  
co lapse  dur ing Quaternary t i m e s .  The c a l d e r a  



206 

Altaye,et al. 

is elliptical in shape and the diameter is 
about 10 km. N-S and 18 km. E-W. The rim of 
the caldera has a variable height, it is less 
than 80m in the north and about 200m of the 
west. 

The area is covered by extensive lake sedimznts 
and Quaternary volcanics such as Quaternary 
rhyolites and pyroclastics including pumice, 
ignimbrite and ash. Besides these recent 
obsidian lava flows, hyaloclastite and recent 
fissural basaltic eruptions also occur. 
In g?neral the eo+oov of the area comprises 
both basic an% silicic products, the basics 
are basalts and hyaloclastites probably 
direct product of the mantle. The silicics 
are results of crystal fractionation from 
basic magma, based upon petrochemistry data. 

The prospect area has been under exploration 
since 1970 with the following work conducted. 

(a) Detailed geological mapping, XRD analysis 
of surface hydrothermal minerals. 

(b) Petrography and Petrochemistry. 

(c) Geochemical investigation 

(d) Geophysical surveys, mainly : 
i) Dipole - dipole resistivity 
ii) Schlumberger electrical resisti- 

vity traversing and sounding. 
iii) Gravity 

STRUCTIRAL GEOLOGY 

The dominant st rucmes visible on the surface 
are the NNE trending Wonji fault belt faults 
such as Corbetti - Shalla sector (Fig.41, 
and the associated Wonji group volcanism such 
as basaltic and peralkaline rhyolite centres. 
The two clearly visible important faults out- 
side the caldera are Fende and Weransa faults. 
Fende fault trends NNE from Aje area towards 
south-west of Shalla (Fig. 4 )  and Weransa 
fault trends NW-SE and downthrown about 160111 
near Cheleleka and dies out just at the main 
road (Shashamene-Awassa road) . 
Both Chebbi and Urji volcanoes, are controlled 
by E-W and N-S structures (faults). Besides 
these, other structures are fissures trending 
in an East-West direction. Dykes and joints 
are associated with caldera rim. Cross 
structures are also evident on Urji volcano 
(Fig. 3). Most volcanological structures 
and features are associated with hydrothermal 
manifestations. 

Volcanological structures such as eruption . 
centres, craters and caldera are easly visible 
in the area. The Corbetti caldera rim is 
manteled by recent lava towards the eastern 
side. However, it is traced by using the 
following evidence from field and laboratory 
studies. 

Evidence from Field Observations 

1 .  

2 .  

Most volcanological features, such as 
eruption centres, faults, craters and 
cones are possibly associated with caldera 
rim fractures (Fig.3). 

Hydrothermal manifestations are reference 
for the inferred caldera rim. The hydro- 
thermal features follow mostly circular 
(elliptical) patterns as one expects the 
growth to be controlled by the inner of 
the caldera rim fractures. 

F19.3 Geobgleol *kat& nmp of Corbattl Gaolhrrrrml poapaat 

3. Lithological similarity 

4 .  Morphological expression (evidence of 
visible caldera structures). 

Evidence from petrography and chemical analysis 
of rocks. 

Surface Alteration: Mineralogy 

This section summarizes the result of surface 
hydrothermal mineralogy of selected clay 
fractions and non-oriented powder specimens 
collected from several places of Corbetti 
area. The result of reconnaissance work 
reflects five types of alterations: 

i) Kaoline type 
ii) Montmorillonite (smectite) 

iv) Weak clay and 
iii) Sinters and silica 

v) Interstratified minerals. 

Kaolin type (acid water): This type of 
alteration is mostly associated with hot 
and steaming ground. Most of the rocks 
are altered to halloysite (meta-halloysite 
formed by alteration of vitric pyrocla- 
stics) disseminated hematite possibly of 
hydrothermal origin, secondary quartz and 

K - feldspar assemblages. Example of 
hydrothermal reactions which can produce 
the above mineral assemblage:- 
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2Fe3O4 + 1/202 = 3Fe203 Oxidation 
Magnetite Hematite 
H4SiO4 (aq) = Si02 + H20 

secondary 
Quartz 

Kaolin type of alteration is characteristic 
of shallow zone acid sulphate steam conden- 
sate in which H S, boiled from deeper chlo- 
ride water has geen oxidised to H2S04. 
Furthermore, Oxidation of H2S in near surface 
environment produces acid water which reacts 
rapidly with host rock to give argilic 
alteration assemblage like kaolinite. Acid 
water can be derived also by condensation of 
volcanic gases in meteoric water. 

Argillic alterations derived from acid water 
and rock interaction are important for explo- 
ration as they can occur directly on the 
margins or areas of upflow of geothermal 
field. 

ii) Montmorillonite (smectite) Type: This 
type of alteration encountered out side 
Corbetti caldera. The presence of 
montmorillonite implies the altering 
fluid was probably less acidic. 

iii) Sinters and Silica: 

a) Sinters: The sinters are related to 
the past hydrology and hydrothermal 
activity. Sinter chips are widely 
distributed in most places of thermal 
features and are very useful in inter- 
preting past hydrothermal environments. 
In general sinters are drived from 
near neutral alkali-chloride water 
and they are resistant to weathering. 

b Silica: (secondary quartz): This is 
the result of present activity which 
can be related to strongly acid con- 
ditions. Silica is closely associated 
with fumaroles in most places. The 
possible origin can be due to silici- 
fication, H4Si04 (9) = Si02 + H20(Ellis 
1977). In most places pumice is 
cemented by silica and the vesicles 
and cavities are filled with silica 
which causes rock porosity to decrease 
and their hardness to increase with 
increased silicification. 

iv) Weak clay (partly altered) this is low 
rank alteration. 

v) Interstratified minerals: Their mode of 
occurrence is generally very complex. The 
mode of occurrence of surface inter- 
stratified minerals at Corbetti caldera 
area is probably due to the following 
reasons. 

i) Surfacial condition or weathering and 
rain effect (PH=8), 

ii) Nature of soil (high alkaline tropical 
soil), iii) Nature of rock (peralkaline 
rocks). iv) The past hydrology and 
hydrothermal activity to some extent. 

Petrochemistry of Peralkaline Rocks 

The main objectives of the chemical analyses 
are (i) to classify the lavas (ii) to compare 
and contrast changes in chemistry between post 
and caldera lavas (iii) to help (prove) the 
existence of the proposed caldera rim (iv) to 
provide chemical data for future work, that 
is to characterize the present fresh (unaltered 

caldera lams) rocks with altered subsurface 
(drilled) rocks, that may be recovered in the 
future and/or to compare the chemical changes 
caused by hydrothermal fluid rock interaction 
in particular. 

Peralkaline rocks have a molecular excess of 
(Na20) over A1,0, and defined by the presence 
of normative At iacmite) . Furthermore, the 
most obvious indication of peralkalinity is 
the presence of certain index minerals or 
alkali minerals of which alkali - pyroxene, 
alkali-amphiboles and aenigmatite (cossyrite) 
are the most common. Most of these minerals 
are found in all Corbetti specimens. 

Petrographically the caldera rocks are chara- 
cterized by phenocrystic sanidine, anorthoclase 
acmite, fayalite, aegirine ?: aenigmatite. This 
minerals association is typical of peralkaline 
rocks and all chemical analysis of lavas 
confirm that they are sodic and peralkaline. 

I I 

Toblel. Chen%cal analysis and Norms Of perdkalim rhyolites 
fmm Corbetti Caldera area. 

Based on the chemical data, Corbetti caldera 
area silicic rocks are peralkaline rhyolite 
(pantellerites) as confirmed by the new class- 
ification scheme (Fig. 6). The glassy nature 
of the post caldera lavas (obsidian and pumice) 
are a result of some factors such as the water 
content of the magma, an accident of eruptive 
process of grysbl and chemical properties of 
the magma. 

The results obtained from the chemical analysis 
of caldera rocks, support the infered caldera 
rim, Both post and caldera rocks are peralka- 
line rhyolite (pantellerites) as said earlier, 
but there is a change in chemistry between 
post and caldera lavas. It was shown that: 
(a) There is evidence of increasing Na20 and 
depletion of A1 O 3  as seen in young lavas (post 
caldera rock Tagle 1 )  & Fig.5. (b) There is 
evidence of increasing sum of normative femics 
(table 1) possibly due to increasing crystal 
fraction as suggested by Ewart eta1 (1968) for 
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case (a) and (b). Generally t h e  p o s t  c a l d e r a  
l a v a s  e x h i b i t  an enrichment p a r t i c u l a r l y  i n  
s o m e  e lements  such as sodium. Th i s  i n d i c a t e s  
a t  l e a s t  a change i n  t ype  of compostion of  
t h e  chemical phase r e spons ib l e  f o r  f r a c t i o n a-  
t i o n  process .  

P 

4o I 
A 

I 

A s  shown on v a r i a t i o n  diagram (Fig .  5) t h e  
observed enrichment of sodium i n  t h e  youngest 
l a v a s  of  chebbi  can  on ly  occur  du r ing  f r a -  
c t i o n a t i o n  though qua r t z  and a l k a l i  f e l d s p a r  
s e p a r a t e  from t h e  magma ( E w a r t  e t a l  1968).  

Based on t h e  p r e s e n t  chemical  d a t a  t h e  l a v a s  
can be c o r r e l a t e d  wi th  Macdonald (1974) and 
Ewart e t a l  (1968) views. C r y s t a l  f r a c t i o n a-  
t i o n  of a l k a l i  b a s a l t i c  magma was poss ib ly  
t h e  dominant g e n e t i c  p rocess  i n  t h e  produc- 
t i o n  of p e r a l k a l i n e  r h y o l i t e  ( p a n t e l l e r i t e s )  
of C o r b e t t i  areas. 

Geophysics 

The geophysica l  methods a p p l i e d  were: 

- Dipole- dipole r e s i s t i v i t y  survey 
( 1  972-1 979) - Schlumberger t r a v e r s i n g  (AB/ =500m 
and 1000m) and soundings o f  j a r g e r  
s e p a r a t i o n  (max AB/, =3160m). - Gravi ty  

Instrument used f o r  E l e c t r i c a l  Methods 

Motor Generator supp l i ed  by g e o t r o n i c s  which 
c o n s i s t e d  of a commercial VW engine  t h a t  
d r i v e s  a 30 KVA 3-phase, 125 V o l t  4 0 0  c y c l e  
gene ra to r  wi th  e l e c t r o n i c  r e g u l a t o r .  

T ransmi t t e r  20  amp supp l i ed  by geo t ron ic s-  
t i m e  and frequency domain induced po la r i za-  
t i o n  (IP) t r a n s m i t t e r  (Model FT-20A) 0.01 
and 0.1 s e t t i n g s  were used.  

- Model R-401/R401s - Imput impedance 10 Meg ohms. 
From 1983 on wards. 

Sc i n  t r e x  
2.5 KW and 15 KW t r a n s m i t t e r  
IPR-10 and IPR-1OA r e c e i v e r s  ~~. 

f = 0.125 HZ 
Pulse:  +On,  Off,-On, Off each 2 seconds. 

Schlumberger t r a v e r s i n g  and soundings were 
done between 1972-1979 i n  t h e  first phase 
a long with t h e  d ipo le- d ipo le  survey on t h e  
f l a t  l and  between C o r b e t t i  c a l d e r a  and Lake 
Sha l l a .  

The second phase waspure ly  sounding work with-  
i n  and around t h e  p e r i p h e r i e s  of  C o r b e t t i  
caldera wi th  t h e  g r a v i t y  survey i n  t h e  pro- 
s p e c t  a r e a .  

The t h i r d  phase cont inued from 1984 t o  1985 
which covered t h e  c a l d e r a  wi th  a d d i t i o n a l  
g r a v i t y  work. 

Dipole- dipole survey w a s  done with a = 500111 
and n= 1 t o  6.  The work w a s  mainly on t h e  f l a t  
area between C o r b e t t i  c a l d e r a  and Lake Sha l l a .  
Maps produced f o r  n=3 and n=5 de f ined  a l o w  
r e s i s t i v i t y  zone extending from C o r b e t t i  ca ld-  
e r a  t o  Lake S h a l l a .  

Resu l t s  of  schlumberger e lect r ica l  soundings 
are p resen ted  a s  pseudo r e s i s t i v i t y  maps f o r  
AB/2 = 1000mf AB/ 
i n t e r p r e t e d  r e s i s z i v i t v  soundinas v s  corres- 

= 2150111 and t h e  lowest 
ponding e l e v a t i o n s  a t  which the; first occur. ~ _ _  

A l l  of t h e s e  maps show s i m i l a r . t r e n d s  of 
r e s i s t i v i t y  s t r u c t u r e .  

Three c l o s u r e s  of 10 ohm-m r e s i s t i v i t y  zones 
are revez lzd  for AB/ = l O O O m  (Fig.7) n o r t h  
and sou th  of U r j i  an8 east of Chebbi. The 
ones south  of U r j i  and e a s t  of Chebbi show 
l o c a l  topographic e f f e c t s  where small shal low 
components of  h o t  f l u i d  i n  t h e  r e s p e c t i v e  
d i r e c t i o n s  are d i f f e r e n t  from t h e  g e n e r a l  out-  
f l o w  t r e n d  (from south  t o  no r th )  of  t h e  a r e a .  
These anomalies a r e  wi th  a b e t t e r  p i c t u r e  f o r  
AB/ = 2150111 (Fiu.8)where r e s i s t i v i t y  con tour s  
f r o g  50d7Mnin t h e  sou th  of 10 ohm-m i n  t h e  
n o r t h  are revea led  showing a s e q u e n t i a l  re- 
s i s t i v i t y  anomaly value  dec rease  from sou th  
t o  no r th .  

Receiver G e o m i t e  induced p o l a r i z a t i o n  re- 
c e i v e r  
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S i m i l a r  p i c t u r e  i s  shown by t h e  i n t e r p r e t e d  
r e s i s t i v i t y  map (Fig .  9 ) .  The flow of geo- 
thermal flurld from C o r b e t t i  ca lde ra  t o  
S h a l l a  (25 km) i s  shown by two w e l l s  on opp- 
s i t e  s i d e s  of t h e  ca lde ra  (Figs .  7-9) wi th  
d i f f e r e n t  piezometric l e v e l s  and tempratures  
which i n d i c a t e  h igher  ground water tempera- 
t u r e  and deeper water t a b l e  i n  t h e  nor th  and 
shallow ground water t a b l e  and ambieni. ground 
water temperature i n  t h e  south .  

Lake Awassa is  a l s o  a t  a h ighe r  e l eva t ion  
(1680m.a.s.l.) than Lake Sha l l a  (1570 metres) 
t h a t  shows t h e  l o c a l  hydrological  s i t u a t i o n  
such t h a t  t h e  gound water flow i s  from south 
t o  nor th  and t h e  presence of hot  sp r ings  on 
t h e  southern  shores  of L a k e  Chitu and Lake  
S h a l l a  could mean a c o n t r i b u t i o n  from Corbe t t i  
c a l d e r a  t o  t h e  Sha l l a  system of t h e  ho t  f l u i d ,  
and absence of t h e  thermal f e a t u r e s  south  of 
C o r b e t t i  ca lde ra  i s ' a  c l u e  t o  p r e d i c t  t h e  ho t  
water migration from t h e  c a l d e r a  t o  L a k e  
Sha l l a .  

Gravity Survey 

The work  w a s  s t a r t e d  i n  March 1983 with 
Lacoste and Romberq G 303 g r a v i t y  meter and 

346 s t a t i o n s  were occupied i n  an a r e a  of 1440 
km'. 
0.01 mgals and n e g l i g i b l e  d r i f t .  

Absolute Bouguer map of t h e  a r e a  i s  produced 
(Fig .  11)  and shows t h e  following f e a t u r e s .  

The ins t rument  has  a reading accuracy o f  

Local p o s i t i v e  anomaly t o  n o r t h  of t h e  
c a l d e r a  a s soc ia t ed  wi th  Wonji f a u l t  belt ;  

Negative l o c a l  anomalies on Chebi and 
U r j i  volcanoes a s  r e f l e c t i o n s  of topo- 
graphic  contours ;  r ega rd les s  o f  t h e  
topographic express ion t h e  gene ra l  
C o r b e t t i  ca lde ra  i s  wi th in  a p o s i t i v e  
g r a v i t y  anomaly; 

A Graben s t r u c t u r e  seems t o  extend t o  
t h e  c a l d e r a  from t h e  south  w e s t  a s  
a t h i c k  i n f i l l  of a l l u v i a l  and l ake  
sediments.  

An o u t l i n e  of t h e  c a l d e r a  r i m  i s  t r a c e d  
along sharp  g r a d i e n t s  of t h e  anomaly. 

Two p r o f i l e s  1 and 3 were made t o  c r o s s  t h e  
w e s t  and e a s t  r i f t  margins t o  be  a b l e  t o  con- 
s t r u c t  a r e l i a b l e  r eg iona l  f i e l d .  The da ta  
coverage is  smal l ;  however, inc luding Gouins 
p r o f i l e s  (A ,B ,  and C )  Fig.10 t h e  mean s u r f a c e  
of t h e  r eg iona l  f i e l d  w a s  cons t ruc ted  using 
a polynomial f i t  method based on l i n e a r  i n t e r-  
po la t ion  of t h e  f i e l d  on p r o f i l e  1 and t r a n s-  
f e r r e d  t o  o t h e r  p r o f i l e s .  

A l a r g e  negat ive  wave length  about-260 mgals 
(Fig .  13) is  r e l a t e d  t o  t h e  upcoming of l i t h o-  
sphere- asthenosphere boundary t h a t  can induce 
p a r t i a l  m e l t  ( G i r d l e r  and Sowerbutts 1970).  

Fip.10 Ragimoi rift. Boug% momaly mop of &tml moln Elhioplon 
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P o s i t i v e  wave l e n g t h  (>100km) is observed i n  
t h e  r i f t  wi th  an  ampl i tude  of  50 maals con- 
sidering- 260 mgals a s  a datum l i n e .  It is  
named as  a c r u s t a l  anomaly (F ig .  13) and re- 
l a t e d  t o  upper mantle pluming ( G r i f f i t h s  eta1 
1970).  The v a l u e s  a r e  apparent  s i n c e  it 
t o t a l l y  depends on t h e  r e l i a b i l i t y  of the 
r e g i o n a l  f i e l d .  

Fipi2 F d  Order reriduol anomaly mop of t h  
'main mntrol Ethio@an rift. 

D i f f e r e n t  o r d e r  of  anomalies were s e p a r a t e d  
by reducing  t h e  e f f e c t  of  t h e  r e g i o n a l  f i e l d  
and c r u s t a l  anomaly. 

Local p o s i t i v e  and n e g a t i v e  anomal ies  are 
observed i n  t h e  2nd o r d e r  r e s i d u a l  map 
(Fig .  12) accumulation i n  t h e  t e c t o n i c  troughs 
( g r a b e n s ) .  It is c l e a r l y  shown by two gra-  
v i t y  p r o f i l e s ,  one across t h e  f l a t  area sou th  
of  S h a l l a  and n o r t h  of  C o r b e t t i  c a l d e r a  (wi th  
long wave l e n g t h )  (F ig .  1 3 ) .  C o r b e t t i  c a l d e r a  
i s  i n  t h e  g r a v i t y  h igh  wi th  s l i g h t  modifica-  
t i o n s  by t h e  p roduc t s  of U r j i  and Chebi 
volcanoes ,  s i l i c i c  l a v a  f lows and p y r o c l a s t i c  
d e p o s i t s  w i th  a d d i t i o n a l  c o n t i n e n t a l  d e p o s i t s  
and a l luvium w i t h i n  t h e  ca ldera  (F i a .  1 1 ) .  

Oa.rw.6 ~rov11) 0 5 5 1 0 1 ~  Covb.111 Cdd.,o (E-Wl 
Fig.13 Bougwr anomaly profile accrorr the centml 

w i n  Ethiopian rift. 

A g e o l o g i c a l  s t r u c t u r e  (graben)  i s  assumed 
f o r  t h e  case of  a local  g r a v i t y  low n o r t h  of 
C o r b e t t i  c a l d e r a  as a t h i c k  i n f i l l  of l a k e  
sediments and a l luvium.  The p o s i t i v e  anomaly 
i s  l a r g e  and ex t ends  from Lake S h a l l a  t o  
Awassa and l ies i n  a s s o c i a t i o n  wi th  t h e  
volcanoes  and t h e  S h a l l a  s e c t o r  of  Wonji 
f a u l t  b e l t  w i th  common f i s s u r a l  s i l i c i c  and 
b a s a l t i c  l a v a  f lows which i s  t h e  r e s u l t  of  
r e c e n t  f r agmen ta t ion  of  t h e  r i f t  f l o o r  c l o s e  
t o  t h e  e a s t e r n  r i f t  margin. 

Three p o s t u l a t e s  can  be pu t  forward r eqa rd ing  
t h e  l o c a l  h e a t  anomaly i n  r e l a t i o n  t o  t h e  
i n t r u s i v e  body. 

1. The i n t r u s i v e  mass is a h e a t  source .  
2. The l a r g e  dense r  mass i n t r u s i o n  is 

a t  a g r e a t e r  depth  and a m e l t  is d e r i -  
ved from t h i s  m a s s  and emplaced a t  
a sha l low depth  as  a h e a t  source .  

3. The l a r g e r  dense r  mass i n t r u s i o n  is 
c o l d  and secondary i n t r u s i o n  occu r s  
t o  t h e  l e v e l  of  sha l low dep th .  

Discuss ion  and conc lus ion  

The p o s t  c a l d e r a  volcanoes Danshe, U r j i  and 
Chebbi are r e l a t e d  t o  a series of h igh ly  
e x p l o s i v e  p a n t e l l e r i t i c  e r r u p t i o n s  of vola-  
t i l e  r i c h  magma. A t  t h e  end of t h e  a c t i v i t y  
a degassed magma e r r u p t e d  t o  g i v e  t h e  pante-  
l l e r i t i c  obs id i an  of  Chebbi (Dipaola ,  1972).  
The growth of  Chebbi, U r j i  and Danshe 
volcanoes  r e p r e s e n t  a p o s t  c a l d e r a  a c t i v i t y .  

Most of  t h e  s u r f a c e  a l t e r a t i o n  is c o n t r o l l e d  
by vo lcano log ica l  and s t r u c t u r a l  f e a t u r e s .  
Based on s u r f a c e  a l t e r a t i o n  mineralogy it 
w a s  p o s s i b l e  t o  c l a s s i f y  f i v e  s u r f a c e  a l t e r-  
a t i o n  types .  Furthermore,  t h e  r e s u l t  of 
s u r f a c e  mineralogy h e l p s  t o  develop  t h e  
p;eliminary model of  t h e  g e o l o g i c a l  h i s t o r y  
of  t h e  area. 

C o r b e t t i  geothermal p rospec t  w a s  c h a r a c t e r-  
i z e d  by p e r i o d i c  volcanism and t w o  s t a g e s  
of  hydrothermal a c t i v i t y .  The e a r l y  a c t i v i t y  
w a s  n e a r  n e u t r a l  f l u i d  under sha l low water  
t a b l e  t h a t  depos i t ed  s i l i ca  s i n t e r s .  The 
2nd e v e n t  i s  t h e  p r e s e n t  a c i d i c  f l u i d  a l t e r -  
a t i o n  r e s u l t i n g  i n  t h e  e x t e n s i v e  a r g i l l i c  
a l t e r a t i o n  and fumarol ic  a c t i v i t y .  Regional  
h y d r a u l i c  g r a d i e n t ,  topography and water  
t a b l e  changes g r e a t l y  i n f luenced  t h e  t y p e  
and c h a r a c t e r i s t i c  of thermal f l u i d .  

The pe t rochemis t ry  of  p e r a l k a l i n e  r h y o l i t e  
l a v a s  h e l p  i n t e r p r e t  t h e  i n f e r r e d  c a l d e r a  
model and provided a n  oppor tun i ty  t o  d e s c r i b e  
t h e  p e t r o g e n e s i s  of  t h e  l a v a s .  There i s  
a s l i g h t  change i n  chemis t ry  between p o s t  
and c a l d e r a  p a n t e l l e r i t i c  r h y o l i t i c  l avas .  
C r y s t a l  f r a c t i o n a t i o n  of a l k a l i - o l i v i n e  
b a s a l t  i s  p o s s i b l y  t h e  dominant g e n e t i c  pro- 
cess i n  t h e  product ion  of p a n t e l l e r i t e s  of  
C o r b e t t i  c a l d e r a  l a v a s  such as  i g n i m b r i t e ,  
r h y o l i t e ,  pumic etc.  

The a l k a l i n e  b a s a l t s  are c o n t r o l l e d  by Wonji 
f a u l t  b e l t  (NNE t r e n d )  and are d i r e c t  prcducts 
from t h e  mant le .  

A s  an ou tpu t  of t h e  work i n  t h i s  paper  it i s  
worthnoting t h e  fo l lowing po in t s :-  

1 .  Pe t rogenes i s  of  t h e  p e r a l k a l i n e  r h y o l i t e s  
are r e s u l t s  of  c r y s t a l  f r a c t i o n a t i o n  of 
a l k a l i n e , o l i v i n e  b a s a l t s .  

2. The dominant a l t e r a t i o n  product  of per -  
a l k a l i n e  r h y o l i t e s  is c l a y  which s e r v e s  
as a caprock.  

system is from east and w e s t  r i f t  should-  
ers. 

4 .  Most thermal m a n i f e s t a t i o n s  are s t r u c t u r -  
a l l y  c o n t r o l l e d .  

3. Morphological ly t h e  r echa rge  f o r  t h e  

5. The h igh  r e s i s t i v i t y  anomalies on t h e  
volcanoes  Chebbi and U r j i  do n o t  pre-  
c l u d e  t h e  p o s s i b i l i t y  of  t h e  e x i s t e n c e  
of r e s e r v o i r  under them, b u t  r a t h e r  due 
t o  topographic  i n f l u e n c e  i .e .  boundary of  
t h e  f i e l d  i s  n o t  determined on t h e  south-  
e r n  s i d e .  

6 .  The electrical  r e s i s t i v i t y  work r e s u l t s  
showed t h e  movement of  t h e  geothermal 
f l u i d  ( h o t )  from C o r b e t t i  c a l d e r a  t o  
Lake S h a l l a .  

7 .  Ex i s t ence  of  an i n t r u s i v e  body under t h e  
c a l d e r a  i s  assumed. 

The e l e c t r i c a l  r e s i s t i v i t y  work r e s u l t  h a s  
t o  be  suppor ted  by measurements o f  tempera- 
t u r e  g r a d i e n t s  i n  TG w e l l s  t h a t  have t o  be 
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A l t a y e ,  e t  a l .  

d r i l l e d  i n  and around t h e  c a l d e r a  on s e l e c t e d  
sites.  

From s h a l l o w  h y d r o l o g i c a l  p o i n t  o f  view and 
r e s u l t s  o f  r e s i s t i v i t y  s u r v e y s  of C o r b e t t i  
geo thermal  p r o s p e c t  and Aluto-Langano geo-  
t h e r m a l  f i e l d ,  S h a l l a  c a l d e r a  a p p e a r s  t o  be  
a s i n k ;  i .e .  h o t  g e o t h e r m a l  f l u i d s  -flow sub-  
s u r f a c e  t o  Lake S h a l l a  from C o r b e t t i  c a l d e r a  
a n d  Aluto-Langano geo thermal  f i e l d .  S h a l l a  
c a l d e r a  i s  a l s o  m o s t  l i k e l y  a s e p a r a t e  geo-  
t h e r m a l  sys tem from v o l c a n o l o g i c a l  a s p e c t  and 
needs  f u r t h e r  s c i e n t i f i c  i n v e s t i g a t i o n s .  
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