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In t roduc t ion 

The go ld-bear ing a r e a of Adola is located in a t r i ang le bounded by 
t h e t o w n s of Neghel l i , Dilla, a n d Yave l lo i n S i d a m o P rov ince (Ethiopia), 
and it is s i tua ted b e t w e e n t h e a l t i tudes of 1000 and 2000 meters . The 
Adola dis t r ic t is a p a r t of D a w a a n d Gana l e r ivers d ra inage system. The 
t e r r i t o ry be tween the A w a t a a n d M o r m o r a r ivers has been t h e most 
worked , a l though a f e w areas on the le f t b a n k of the A w a t a r ive r a n d 
on the r igh t b a n k of t h e M o r m o r a r iver , as wel l as a t Dawa , D a w a 
Cursu , U j ima , a n d Af l a t a r ivers , a r e par t i a l ly worked . 

The Adola gold-bear ing area , whose center is t h e t own K e b r e Mengis t 
(before Adola), is s i tua ted 470 k m south of A d d i s Ababa . T h e road passes 
t h r o u g h Modjo, Adami tu l lu , Shashemene , a n d Wondo towns, and it is an 
a l l -wea the r road. F r o m K e b r e Mengist , t h e road ex tends fo r about 
720 k m t o t h e sou theas t t h r o u g h Neghel l i a n d Somal i l a n d To Mogadishu. 
Th i r ty k i lometers of t h e road to Neghel l i a r e b a d ; t h e road t h e n become 
bet ter , a n d f r o m Neghell i to Mogadishu it is good a n d passable t h r o u g -
hou t t h e year . The road leaves Dollo, t h e las t t o w n in Ethiopia , and 
cont inues to t h e bo rde r be tween Somal ia and Ethiopia. Thus , t h e min ing 
a r e a is connected w i t h t h r e e por t s : Dj ibou t i t h r o u g h Addis A b a b a by 
ra i l road, Mogadishu t h r o u g h Somalia , a n d Assab t h r o u g h Addis A b a b a 
by road. 

T h e sou the rn p a r t of t h e gold-bear ing a rea is covered pa r t l y by 
savanna land, and t h e n o r t h e r n p a r t of it by forest . The c l imate of t h e 
a rea n o w be ing explored is ve ry good. Day t e m p e r a t u r e s ave rage abou t 
30° C, whi le n ight t e m p e r a t u r e s a re usual ly low. 

The n icke l -chromium ore deposi ts a r e s i tua ted along p r e - C a m b r i a n 
schists in a l ignment s t r ik ing NNE—SSW. T h e wes t e rn a l ignment s t r ikes 
t h r o u g h Tulla a n d Ula Ulu mounta ins , a n d t h e eas te rn a l ignment t h r o u g h 
Budussa , Kent icha and Dubicha moun ta ins . 

The n icke l -chromium ore deposi ts h a v e been discovered 1959, most 
of t h e m dur ing t h e sys temat ic geological mapping , a l though t h e g reen 
ga rn ie r i t e s ta ining rock of t he K a j i m i t i a rea has long been k n o w n to t h e 
local inhabi tan ts . 

Maps of t he a rea ava i lab le inc lude o n e on a scale of 1 : 750 000 m a d e 
by I tal ians, a n d a n o t h e r one of 1 : 1 000 000 m a d e by Br i t i sh e x p e r t s a n d 



intended mainly for f l ight purposes. In 1952 an aerial survey was carr ied 
out by the Ethiopian Air Force at the request of the Ministry of Mines. 
This surface covers about 5000 sq. km. Unfor tunately , it remained in the 
f o r m of photo-mosaic, and it was never t ransfer red into a contour map. 
The aerophotographs have been the main basis for geological mapping, 
photogeological interpretat ion, topography of the area, and geological 
mapping. 

F rom J u n e 16—July 16, 1956, a m a p of the area between the Wollabo 
Dam-Awata pump station and Dembi valley was made by the author 's 
prospecting group. It indicates water drainage system and roads on a 
scale of 1:5000 for the area being exploited a t tha t time. The survey 
was based on sax t r iangulat ion points and a net of polygons. All 
important al t i tudes were already leveled. 

Geology of the area 

The oldest rocks, the proper basement, of the region are gneiss, 
actinolite schist and mica schist for which the name Gari Boro series is 
proposed. In the nor thern par t of the area, the gneiss is intersected 
by m a n y pegmatite, aplite, and quar tz veins; in the south near the 
junct ions of the Aflata , Uj ima, and Dawa rivers, the gneiss is mostly 
intersected by pegmati te veins. The grey gneiss grading into mica schist 
occurs in the fo rm of an elongated block str iking north-south. 

The pegmatite, aplite, and quar tz veins are essentially younger than 
the gneiss. Their origin is assumed to be due to a recrystallization process 
in tectonic lines. 

Occuring in slight disconformity wi th highly crystallized Gari Boro 
series, The Adola series is composed of following rocks: 

1. Amphibole schist 
2. Conglomerate and sandstone 
3. Chlorite-talc-tremolite schist 
4. Serpentini te 
5. Graphi t ic quartzi te and white quartzi te 
6. Phyllit ic slate 
7. Sericite schist. 

The minera l composition of amphibole rocks varies widely (Figs 1, 
2, 3). The f i rs t type comprises hornblende, quartz, and plagioclases, and 
it belongs to plagioclase amphibolite; it occurs near Chembi in the 
Ganale r iver drainage area. 

Another association, found fu r t he r south near Bedakessa, is com-
posed of quartz, zoisite, hornblende and epidote and belongs to zoisite-
amphibole schist ( H i n t e r l e c h n e r , 1956) (Fig. 1). The most common 
rock of the area is the amphiboli te f rom Gayo composed of hornblende 
in a ma t r ix of salic minerals (Fig. 3). 

Conglomerate and sandstone are widely developed, and they strike 
nor th-south following a line westward f r o m Shakisso. On both sides of 



this alignment other schist types of the Adola series have been indicated. 
The alignment predominates in this part of the country, as it is more 
resistant to erosion than other schists of the Adola series. These rocks 
form lenses in chlorite and talc schists, building the ridge between Demi 
Danissa and Kajimiti valley. The conglomerate is composed of quartz and 
feldspar in a zoisite epidote matiix. The sandstone contains quartz, bio-
tite, and shlorite. 

Fig. 1. Zois i te-amphibole schist 
(quartz, zoisite, hornblende , epidote), 
X 35. Bedakessa, Adola distr ict . De-

t e rmina t ion A. Hin te r l echner 

Fig. 2. Amph ibo l e schist, X 35. Bore 
basin, u p p e r terrace . De te rmina t ion 

D. Je lene 

Fig. 3. Amphibo l i t e (grains of horn-
b lende in g roundmass of salic 
minerals) X 35. Gayo Camp. Deter -

mina t ion A. Hin te r l echner 



Chlorite-talc-tremolite schist forms the next zone of Ula Ulo and 
farther south in the Ujima area. The rock is composed of an association 
of talc, chlorite, and tremolite. The size of mineral grains is less than 
0,1 mm. Magnetite is accessory only; its crystals range in size from 0,03 
to 20 mm. A parallel structure of bands of chlorite and talc could be 
observed. The rock is a product of the regional metamorphism of the 
sediments. 

Some specimens reflect the transition between amphibole schist and 
chlorite schist. Tremolite could usually be observed as a constituent of 

Fig. 4. Se rpen t in i t e (serpentine, talc, 
magnesi te , accessory magneti te) , 
X 35. Ka j imi t i bore hole I, Adola 

distr ict . Determina t ion D. Je lene 

Fig. 5. Serpen t in i te (the idioblastic 
minera l gra ins belong to magnesite) . 
X 35. Ula-Ulo, Adola distr ict . Deter-

mina t ion D. Je lene 

this rock type, and the zone has therefore been called the zone of 
chlorite-talc-tremolite schist. 

The next zone belongs to rock types composed of peridotite, and 
serpentinite (Figs 4 and 5). 

Finally, the above-described rocks contain intercalations of graphitic 
quartzite and white quartzite. They occur near Budussa mountain in 
Gudba valley and other places. The quartzite of Gudba valley is composed 
of quartz grains and muscovite. 



These rocks occur as isolated dikes in amphibole and chlorite schists. 
The conglomerate, composed of a zoisite epidote ma t r ix and gneiss 
pebbles u p to 5 cm long and 1,5 cm wide derived f r o m the gneiss of the 
Gar i Boro series. Their position in conformity wi th the Adola series, 
forming a par t of it, as well as the pebbles of Gar i Boro gneiss included 
in them, prove the conglomerate to be younger t han the Gar i Boro series. 

The less metamorphosed rocks compared wi th all other above descri-
bed rocks belonging to pre-Cambr ian occuring within Adola series are 
besides t he conglomerate, sandstone, phyllitic slate, graphit ic schist, se-
ricite schist, and graphi t ic quartzi te . 

Phyllit ic slate, graphit ic schist, and graphit ic quartzi te occur in the 
fo rmer Imper ia l Highway Author i ty q u a r r y nea r Kebre Mengist, graphit ic 
schist and graphi t ic quar tz i te could be observed on the road between 
Kebre Mengist-Neghelli some kilometers f r o m Kebre Mengist and near 
Adadicoto a i r field some kilometers f r o m Shakisso village. Sericite schist 
was found near Shakisso village on t he n e w road Shakisso — Kebre 
Meng i s t 

A series of conglomerate in disconformity, thus younger t han the 
above-mentioned Adola series, has probably covered larger areas, bu t is 
mostly eroded. Only par t ia l r emnan t s have been preserved in the lower 
par t of the Uj ima r iver near its confluence wi th the Dawa r iver and in 
the Anfa ra r a area off the Shashemene-Kebre Mengist main road. Their 
age could not b e determined bu t they most probably belong to Cenozoic. 

Basic and acid rocks in t ruded into the metamorphosed sediments 
could be found near Shakisso between t he Awata and Mormora rivers. 
At Laga Dembi, according to D o o r n i n c k (1950), the following rocks 
have been found: diorite, gabbro, pyroxenite, and peridotite. Peridoti te 
rocks were found also at Kenticha, Monissa, Dubicha and Lolotu 
mountains . 

Near Kojowa r iver an diopside peridoti te outcrop has been indicated. 
Another specimen, containing olivine remnants , has been observed near 
Ula-Ulo. 

It is supposed tha t the above-mentioned zones of serpentini te are 
metamorphosed ultrabasic rocks. This m a y also be confirmed by nickel 
and chromium contained in those rocks. However, the chlorite-talc-
t remoli te schist represents t he fo rmer sediments metamorphosed by 
regional metamorphism. 

The amphiboli tes also represent products of regional metamorphism 
of sediments. At the Upper Falls of Mormora r iver has been indicated 
an intrusion of grey grani t ic rock, characterized by the presence of 
biotite. This intrusion zone has been followed nor thward , whe re t he same 
intrusive body occurs west of the road near Anfa ra ra . The Imperial 
Highway Author i ty has used this grani te for road construction, so an 
abandoned q u a r r y is to b e observed a t t he spot. Southwards, in the gorge 
of the Uj ima river, another grani te outcrop occurs. The n a m e Sawana 
grani te is proposed for this grani te occurrence, as it was f i rs t known 
near t he Sawana valley, a l e f t t r ibu ta ry of the Mormora r iver near 



the Upper Falls (Fig. 6). Pegmatite, aplite, and quartz veins occur in 
granite. The granite specimens are very similar in their mineral com-
position, but vary widely regarding the grain size. Feldspars belong 
to microcline, anorthoclase, and rarely orthoclase. A spectrographical 
analysis of this granite has shown the presence of Mn, Pb, Sn, Cr, V, 
and Zn*, and traces of Ba, Sr, and Ni. 

Fig. 6. S a w a n a g ran i t e (microcline, 
quar tz , microcl ine perthite) , X 35. 
Uj ima, Adola distr ict . De te rmina -

tion D. Je lene 

As the granite is overlain by Jurassic sediments, it is assumed to be 
older than Jurassic. This has also been proved by age determinations 
by the radiogenic method**. The basis for determination has been 
biotite, and the results obtained are given in table I. 

Tab le I 

THE AGE DETERMINATION OF S A W A N A GRANITE 

Local i ty K % Radiogenic. Age, mill ions 
40 Ar. of years Color 

Upper Fal ls a t Mormora r iver 4,98 0,2013 p p m 495 ± 20 Grey 
U j i m a gorge nea r Dawa r ive r 5,07 0,1990 p p m 482 ± 20 P ink 

Bearing in mind the experimental errors, there is no significant 
difference between these two results. They are within the usual 400—650 
million years range, which is a characteristic of all micas so far dated 
from basement rocks along the eastern side of Africa as well as those 
from Aden, Somalia, and Egypt. The age of biotite is an indication of 
the last change imposed on the rock, which cannot be younger than the 
biotite itself. 

* The spec t rographica l analysis was m a d e by A. K a n d a r e in Geološki 
zavod (Geological Survey) in L j u b l j a n a . 

** T h e age de te rmina t ion was m a d e by Overseas Geological Survey labora-
tories, London. 



The above ment ioned age, which ranges f r o m 482 ( ± 20) to 495 ( ± 20) 
mill ion years , cor responds t o t h e per iod of t h e la te C a m b r i a n or ea r ly 
Ordovician. Thus , t h e age of S a w a n a g r an i t e is p r e -Cambr i an , t ak ing in to 
considerat ion only t h e last cycle of m e t a m o r p h i s m indicated by t h e 
bioti te . T h e age is no t Mesozoic, as h a s been assumed by some authors . 

Gold P lacers 

The d is t r ibu t ion of go ld-bear ing placers has proved t h a t t h e p r i m a r y 
deposit ex tends genera l ly f r o m south to n o r t h a long t h e s t r ike of t he 
basement rocks. 

The degree of gold content depends on the fol lowing character is t ics 
of t h e geological e n v i r o n m e n t : 

1. T h e Adola series is, as a rule , t h e bedrock of t h e commercia l ly 
i m p o r t a n t placers. 

2. The gold content is p ropor t iona te to t h e percen tage of amphibol f 
schist in gravel . 

3. T h e gold content is p ropor t iona te to t h e size of t he gravel . Gold-
bea r ing placers occur usual ly in t h e a reas w h e r e t h e bedrock is composed 
of ch lo r i t e - t a l o t r emo l i t e schist ma in ly a l te red to a t y p e of greenish 
yel lowish clay. Select ive erosion caused depressions in chlor i te- ta lc-
t remol i te schist a n d elevat ions in conglomerate , amphibole schist, and 
serpent in i te . In addi t ion, t h e sof t ta lc-chlor i te- t remol i te schist has been 
a n excel lent t r a p f o r gold nuggets , g ra ins and specks. 

This d i s t r ibu t ion of t he gold along t h e no r th - sou th t r end ing val leys 
wh ich intersect t h e ta lc-chlor i te- t remol i te schist, conglomerate , q u a r t z 
veins, and amphibo le schist, r ende r s possible t h e conclusion t h a t t h e 
gold or iginates f r o m these rocks. The qua r t z veins and pegmat i t e s ge-
net ical ly connected w i t h S a w a n a grani te , diori te, or o ther basic rocks 
in t ruded in the Adola series m a y be ano the r possible source of gold 
mineral iza t ion. 

The fo l lowing a r g u m e n t s exist f o r t h e t heo ry t ha t t h e gold is as -
sociated w i t h amphibole schist and chlor i te- ta lc- t remol i te schist. 

1. Gold has been indicated in inclusions of qua r t z in amphibo le 
schist of Gayo walley.* 

2. Gold d is t r ibu t ion show no de tec table re la t ion to t h e grani t ic in -
trusions. 

3. T h e gene ra l d i s t r ibu t ion of gold en t i re ly fo l lows t h e no r th - sou th 
s t r ike of t h e ta lc-chlor i te- t remol i te schist a n d amphibo le schist. 

The gold m i g h t be der ived f r o m conglomera te w i t h wh ich t h e gold 
could be syngenet ical ly associated. This exp lana t ion is however not 
feas ib le f o r t h e t ime be ing as the gold w a s not f o u n d in conglomerate . 

As t h e gold w a s f o u n d only in t h e qua r t z inclusions of amphibol i te , 
t h e explana t ion m i g h t b e correct, t h a t t he gold or iginates f r o m this 

* Chemical analysis was carried out by A. Kandare in Geološki zavod 
(Geological Survey) in Ljubl jana in the year 1956. 



quartz. The quar tz inclusions in amphiboli te seem to represent the product 
of lateral secretion. It is supposed tha t dur ing the same secretion gold 
was concentrated in these quar tz inclusions. 

The existence of conglomerate and quartzi te in less metamorphosed 
Adola series and recrystallized quar tz deposits in high crystallized Gari 
Boro series might be the second proof for the gradual metamorphism of 
psammit ic and pelitic layers essentially composed of quar tz grains. Only 
smaller bodies in the Adola series are found completely recrystallized in 
fo rm of quar tz inclusions. However, the higher stage of metamorphism 
of Gar i Boro series leads to a complete recrystallization. 

The other possible derivation of the gold-bearing quar tz in Adola 
series f rom the granitic, dioritic or other intrusive rocks seems to be 
less probable as the placers gold distribution follows the metasediments 
of Adola series and as quar tz as possible gold source represents isolated 
lenses and inclusions in the Adola series. The association of gold placers 
over large areas with Adola series could be explained due to the angular 
appearance of gold and therefore its short t ransportat ion distance only 
by syngenetic process and lateral (metamorphic) secretion of quar tz and 
ore minerals. 

According to some authors (K o s s m a t), the amphibole schist re-
presents a product of different iat ion of an initially granitic-dioritic magma 
separated into dioritic and grani t ic portions, as suggested for the Sokota 
Island grani te-amphibol i te succession. The essentially older amphibole 
schist (compared wi th granite) does not permit this conclusion for the 
Adola area, where an extrusive origine of a par t of amphibolites is 
assumed. 

The same conclusion could be d rawn for Bedakessa, Shanka, Hidi 
Dimma, Wollena, and Laga Dembi areas, where similar geological con-
ditions have been found. 

Economic deposits of gold occur in placers of the second erosion 
cycle. Detailed investigations have been carried out in Upper Bore basin 
to f ind out the relationship between the p r imary rocks and the dis tr ibu-
tion of the gold placers. The corresponding geological cross section indicate 
tha t the richest deposits follow the areas composed of the chlorite-talc-
tremoli te schist associated with amphibole schist. Alluvial deposits have 
been found only in those valleys where the rocks of these groups occur. 

The oldest erosion cycle could be recognized in the remnants of the 
fo rmer r ivers of the Shakisso, Reji, Megado, and Sillu saddles. The 
following erosion cycle comprises fo rmer r ivers wi th relatively large 
placers forming meanders of which only a par t of the extension is proved 
by prospecting. The f u r t h e r lowering of the erosion basis created con-
ditions for the thi rd erosion cycle, which is represented by the present 
erosion systems of the Mormora, Awata, Dawa and other rivers. 

The discovery of the economic gold placers was possible since in 
a port ion of the placers, owing to the activity of the thi rd cycle, the 
overburden has been removed completely (at the Dawa Cursu placer), 
or par t ly (at the Bore basin placers). The deposits became thus 



economically m o r e interesting, a s t h e overburden w a s th inned con-
siderably or even completely removed. 

The thickness of the overburden varies between 1 and 20 meters 
depending on the distance of placers f r o m the recent local base level 
of erosion. Generally the placers near r iver systems have a th in over-
burden, provided tha t t he creeks carry surface water , and in areas 
whe re t he placers lack moving surface wate r and are f a r f rom the 
present rivers, the overburden is thick. Another influence has been t he 
s t ructura l movements, which have changed the course of t he placers, 
as well as moved par t s of the placers of the second erosion cycle. This 
is reflected in t he s t range fo rms of the creecks, which sometimes have 
a length of only 1—2 k m and a wid th 0,1—0,5 km, making diff icult the 
identif ication of t he fo rmer drainage system. The study of s t ructura l 
movements and geomorphology has cleared up some of t he problems in 
Bore basin; however, f u r t h e r s tudy should elucidate t he palaeogeography 
of the r iver drainage system of the second cycle. 

The age of the f i rs t and second erosion cycles could not be established, 
al though the th i rd cycle is certainly younger t han the Ri f t valley vol-
canism. The essentialy older age of the second and f i rs t cycles is supported 
by the following da ta : 

1. Basalt and volcanic glass gravels have been found only in r ivers 
of the th i rd erosion cycle, i. e., the Awata , Dawa, and Mormora. However, 
t he gold placers of the second erosion cycle do not contain f r agmen t s of 
volcanic rocks. 

2. The placers of the second cycle a re of ten disturbed by movements 
which could be assumed to be associated with the youngest Ri f t valley 
s t ructura l movements . 

The post-volcanic age of the second erosion cycle is supported by 
explanat ion t ha t the absence of the gravel originated of volcanic rocks 
could be explained by a shor ter r iver bed which did not reach volcanics. 
The absence of volcanic rocks in placers of t he second erosion cycle 
might indicate the older age of these placers, part icular ly as they are 
found in abundan t quanti t ies in the Awata , Mormora, and Dawa rivers, 
so in the youngest erosion cycle. 

The gold placers associated wi th the above-mentioned basement rocks 
occur in the area of t he wel l-known basis of the Ethiopian and Somali 
plateau. They are si tuated in the wes tern pa r t of the Somali plateau, which 
is bounded by the Ri f t walley in the northwest . The depression of t he 
Rif t valley is buil t of basalt and other volcanic rocks. The gold-bearing 
area is s i tuated in similar depressions str iking northeast-southwest . 

The gravels in gold placers are composed of sterile quartz, hydro-
thermal quar tz wi th gold, quartzi te, amphibole schist, and, rarely, of 
grani te which are usual ly decomposed to clay and sand. The amount 
of gold is entirely proport ionate to the amount of amphibole schist gravel 
in the placer. 

The gold originates f r o m the quar tz inclusions occurring in amphi -
bole- and talc-chlorite-tremolite schists. 



Prospecting in the new placer areas is based on the experiences 
in the more or less known area of Adola. A study has been made to 
determine if there are analogous geological structures in other part of 
the Sidamo-Borana basement in order to find new gold placers. 
Systematic geological mapping has been carried out in order to deter-
mine favourable structures. 

B o r e B a s i n 

In the second part of 1955, prospecting and exploration was started 
in Bore basin. Bore placer, which was first explored, is located on the 
right bank of the Mormora river. It begins on the other side of Megado 
mountain at an altitude of about 1730 meters. The Bore placer stretches 
10 km downstream in the northwest-southeast direction, and then turns 
east-west. The last part again turns northeast-southwest. The whole placer 
has a length of about 36 km and an average width of 80 m. The placer 
in the first part downstream up to the old waterfall (gorge) has an 
average depth of 3m; below the waterfall its depth presumably in-
creases to over 10 m in average. 

The Bore basin is now dry and represents the bed of an old river 
drainage system which existed during the second erosion cycle foregoing 
the present erosion cycle. Bore valley in the east meets the Mormora 
river as an elevated terrace. The elevation of the junction is about 
1320 meters. The whole Bore basin covering an area of about 200 sq. km, 

Fig. 7. Gari boro gneiss wi th aplitic veins. Ujima, Adola district 



Table II 

PROSPECTING AND EXPLORATION AT THE LOWER BORE TERRACE 

Placer Line Pi t 
Average 
depth 

in meters 

Gold 
content 
g/cu. m. 

Remarks 

Tulla 
(Burri) 10 

P 
I 
G 
J 
N 
K 

11.7 

0,58 
0,12 
0 
1,19 
0,25 
0,30 

Tayisso 
(Ababido) 

The whole creek is gold-
bearing, but t he gold 
content is low 

300 

302 

Lower 
Bore 

304 

500 

5*0 

Gudba 
20 

24 
60 

M 
N 
O 
P 
Q 
R 

M 
N 
O 
P 
Q 
R 
S 

G 
H 
I 
J 
K 
L 
M 

M 

9,7 

10,5 

11.2 

11,6 

12,7 

16,6 
13,0 
2.2 

1,5 
1,5 
2,8 
3,05 
2,50 
2,10 

2,15 
1,30 
0,40 
0,40 
1,50 
2,60 
nil 

1,76 
1,50 
0,35 
0,30 
4,80 
4,85 
0,60 

0,8 
0,57 
0,30 
0,65 

0.97 

— Bedrock was not reached 
— Location at the Gudba 

0,102 gorge 



is bui l t by u p p e r a n d lower te r races divided by amphibol i te . The 
a l t e rna t ing s t r eams of the Upper Bore placer a re t h e K a j i m i t i a n d Demi 
Danissa placers, which a re p robab ly older t h a n the Lower Bore placer. 
There a re also some smal ler f eede r placers ad jo in ing the U p p e r Bore 
placer. Para l le l to the Upper Bore placer is t h e G a g a m a placer. G u d b a 
valley is also f o r m e d of two terraces . The basis of t h e u p p e r t e r r ace a t 
one of i ts ends is bui l t by Gar i Boro gneiss (Fig. 7), a n d it is found to 
be steri le in i ts lower par t . The placers jo in ing the Bore are Tayisso 
(Ababido), Tul la (Burri) , and some smal ler placers in the Daba area. 
To summar ize , gold placers have been indicated in the fol lowing areas : 

U p p e r Ter race includes: 

1. U p p e r Bore placer 
2. Smal le r f eeder placers 

of Upper Bore 
3. G a g a m a placer 
4. Demi Danissa placer 
5. Ka j imi t i placer. 

Lower Ter race includes: 

1. Tulla (Burri) placer 
2. Tayisso (Ababido) placer 
3. Lower Bore placer 
4. Smal le r feeder placers. 

P rev ious prospect ing and explora t ion gave the fol lowing successful 
resul ts in var ious a reas of t h e Upper Bore t e r race : 

K a j i m i t i placer is about 8 k m long, and it contains gold-bear ing 
grave ls along t h e whole length. The end of the placer toward the Bore 
basin wa te r shed is pa r t i cu la r ly r ich in gold. 

Demi Danissa placer wi th its two ma in a f f luen t placers has a gold 
content along t h e whole length. 

G a g a m a placer has been proved as gold-bear ing in a length of 2,5 km. 
M a n y feeder placers a re fo rmed in no rma l posit ion to t h e ma in 

Bore placer, w h e r e gold reserves have been proved sui table for h a n d w o r k 
operat ion. 

T h e resul ts of prospect ing and explora t ion w o r k s in var ious placers 
of t h e Lower Bore t e r race a re shown in Table II. 

Table III 
PROSPECTING AND EXPLORATION OF BORE BASIN TILL THE END 

OF SEPTEMBER 1962 

Location Number 
of lines 

Number 
of pits 

Upper Basin 
Bore placer 
Gagama placers 
Demi Danissa placer 
Kajimiti placer 
Lower Basin 
Tulla (Burri) placer 
Tayisso (Ababido) placer 
Gudba placer 
Other placers 

249 
29 

105 
44 

33 (planned) 
8 

30 (planned) 
60 (planned) 

1149 
210 
372 
864 

132 (planned) 
38 

240 (planned) 
360 (planned) 



T h e r ichest p lacers a r e located along u p p e r Bore valley, w h e r e t h e 
gold occurs cont inuously. The d i s t r ibu t ion of gold in Kaj imi t i , Demi 
Danissa , and G a g a m a val ley is d i f f e r en t as t h e gold occurs in m a n y 
pays t r eaks which a r e no t cont inuous, b u t l imi ted to cer ta in areas . 

Lower Mormora Basin 

M o r m o r a m e a n d e r s n e a r L o w e r B o r e 

P lacer examina t ions we re m a d e by the Na tomas Co. (1956) f r o m J u l y 
27 to October 15, 1956, in connect ion w i t h geological f ield w o r k being 
car r ied ou t by a jo in t prospect ing t e a m m a d e u p of personnel r epresen t ing 
Goldf ie ld Consolidated Mines Co., N e w m o n t Explora t ion , Ltd., and 
Na tomas . 

The p r i m a r y t a rge t in t h e explora t ion a rea w a s a m e a n d e r a rea 
occupying a n a r r o w f l a t val ley along t h e M o r m o r a r iver 60 k m air 
d i s tance south of K e b r e Mengist . The a rea w a s believed to b e physical ly 
su i tab le f o r d redge prospect ing. 

In M a y 1956, t h r ee sha f t s we re dug and 0,03, 0,09, and 0,06 g/cu. m 
of gold w e r e indica ted (Table IV). 

T h e deposit would be a potent ia l source of gold if p roper prospect ing 
by dr i l l ing w e r e t o b e carr ied out. 

Table IV 

EXPLORATION IN MORMORA MEANDER 

Shaft 
no. 

Bedrock 
depth 

in meters 

Overburden 
thickness 
in meters 

Gravel 
thickness 
in meters 

Gold 
Gravel 
g/cu. m 

content 
Top to 
bottom 
g/cu: m 

1 7,1 6,3 0,8 0,25 0,03 
2 7,7 7,1 0,6 1,10 0,09 
3 6,6 6,3 0,3 1,55 0,06 

The o v e r b u r d e n is stiff r ed clay conta in ing f i n e sand locally. The 
g rave l bed is composed of loose q u a r t z sand w i t h we l l - rounded pebbles 
u p to 70 m m in size m i x e d wi th pebb les of amph ibo l e schist a n d o t h e r 
m e t a m o r p h i c basemen t rocks. The bedrock is sof t micaceous schist. 

Lower M o r m o r a basin is located ma in ly on gneiss and mica schist 
of t he h igh crys ta l l ine Gar i Boro series, and it is in f luenced by t h e 
younges t erosion cycle. Thus, t h e possibil i ty of f ind ing commercia l gold 
placer deposits is ve ry slight. Only t h e m e a n d e r s of t he M o r m o r a r iver 
indica te some gold con ten t wh ich p r o b a b l y or ig ina tes in t h e e roded 
por t ions of Bore bas in and in t h e Adola series of t h e Budussa a l ignment . 

Lower M o r m o r a bas in could be considered as su i table f o r t h e gold 
placer along t h e Budussa ta lc-chlor i te- t remol i te a l ignment w i t h se rpen-
t in i te a n d amphibol i te . 



Upper Mormora Basin 

The basin, located in t h e Adola series, is i n t ruded by S a w a n a g ran i t e 
n e a r U p p e r Fal ls of Mormora r iver . M a n y placers belonging to th is basin 
have been exploi ted by h a n d w o r k e r s as t hey a re located n e a r the Mor -
mora r iver f o r w a t e r supply. The ma in placers a re Laga Gesho, Sawana , 
Hiddi Dimma, a n d o ther placers, all l e f t h a n d side a f f luen t s of t h e 
M o r m o r a r iver . 

Feede r placers of t h e M o r m o r a r iver include Laga Dembi, Reji , 
Wollena, Lago Gesho, Laga Adunia , Hidd i Ddmma, a n d Alona placers. 

Wollena placer is 11 k m long, and has been pa r t ly exploi ted by 
handworke r s . The placer is n o w be ing prospected, and it has been found 
to be commercia l ly interes t ing. 

Rej i and Laga Dembi placers toge ther h a v e a length of 16 km. These 
creeks h a v e been a l r eady exploi ted by handwork . 

Sys temat ic prospect ing h a s indicated gold reserves in t h e placers 
la rge enough to j u s t i fy dredging. 

Upper M o r m o r a basin is located in a s imilar geological s t ruc tu re 
as t h e Bore basin, b u t in t h e younges t erosion cycle. 

Table V 

PROSPECTING AND EXPLORATION OF THE UPPER MORMORA BASIN 

Location Number of Number of 
lines pits 

Feeder placers 111 (planned) 666 (planned) 
Mormora river 50 (planned) 50 (planned) 
Wollena placer 24 220 
Reji placer 48 288 
Laga Dembi placer 166 341 

Shakisso Basin 

Kalacha placer is 10 k m long. Dri l l ing carr ied out some years ago 
did not indicate a t t r ac t ive results . E f fo r t s a r e now being m a d e to f ind 
the even tua l connect ion be tween S h a n k a placer a n d Kalacha placer. 

Ka lacha placer according to A s t r u p (1948) is a horseshoe-shaped, 
fa i r ly b road t h a t occurs a t t h e foot of t he low hills w h e r e Shakisso and 
Wodo vil lages a re s i tua ted . The ent i re length migh t be about 9,5 k m 
including only the lower p a r t f r o m the A w a t a junct ion and Shakisso. 
The u p p e r p a r t of t h e placer is called Laga Gora. The uppe r and lower 
ends of t h e placer a re covered wi th th ick fores t , b u t t h e cent ra l pa r t 
of some 4 k m is fa i r ly f r e e f r o m t rees and the re fo re su i table fo r min ing 
operat ions. This is w h e r e dr i l l ing opera t ions we re carr ied out in 1948. 

T h e w i d t h of t h e placer is, on the average, 150 m, b u t it becomes 
n a r r o w e r t o w a r d s t h e u p p e r and lower ends. The Kalacha placer has 
only two pr incipal f eeder placers 3 k m apar t . One comes down f r o m the 
m o u n t a i n s nea r Laga Rej i and the o ther f r o m the air f ie ld a t Adadikot to . 



Fig. 8. P r o s p e c t i n g fo r gold in Adola d i s t r i c t 

Prospecting by pits in these valleys allegedly yielded traces of gold. The 
upper end of the Kalacha valley continues through a narrov gold field. 
The length of the prospected area was 3650 m (the distance between the 
prospecting lines A and E). The drilling showed 162 000 cu. m. of gravel 
with 50 kg gold reserves. Line E near Shakisso has been found to be the 
richest one. 

Shanka-Wollabo placer is about 23 km long. One hundred forty-seven 
pits have already been dug to prove the presence of gold in upper and 
lower Shanka creek with favourable results. Dredging vas introduced in 
1956 and is still in operation. 

T a b l e VI 

P R O S P E C T I N G A N D E X P L O R A T I O N O F T H E S H A K I S S O B A S I N 

Loca t ion N u m b e r of N u m b e r of 
l ines p i t s 

K a l a c h a c reek 20 80 
S h a n k a - W o l l a b o c r e e k 46 421 

27 — Geologija št. 9 417 



Bedakessa placer explorat ions wi th drilling equipment have been 
carried out in lower Bedakessa valley. F i f ty-one bore holes were made, 
th ree lines by two "Banca" hand drills. Ground wa te r was met at about 
3,5 m below the surface. The direction of the lines was 24® northeast 
and t he distance between bore holes 25 m. The explorat ions started in 
February 1956. The results of drilling show an average tenor of gold 
of 0,7 g/cu. m. 

The basin is built by t he same type of rocks as the Bore basin. 
A gneiss al ignment belonging to the Adola series dominates t he basin 
f r o m Shakisso to the Reji area. Other rocks occurring in t he basin a re 
amphibole- und talc-chlorite-tremolite schists of the Adola series wi th 
intrusive rocks as pyroxenite, diorite, and serpentinite. 

The basin belongs to the second erosion cycle. Many commercially 
impor tan t gold placers have been found in this basin, which has been 
also the main supplier of the gold in t he past f r o m manua l operations 
as well as f r o m the fo rmer mechanized project at Bedakessa and the 
present mechanized project a t Shanka placer. 

Dawa Basin 

The discovery of the Dawa-Cursu gold-bearing area not only made 
possible to increase gold exploitation in the years 1958—1959, bu t also 
increased the possibility of f inding gold in southern areas. To prove the 
reserves in these areas, it is necessary to carry out a systematic prospect-
ing program. 

The longest valley is Gambela, which is 22 k m long. I t is s i tuated 
on Gar i Boro series, and the content of gold found there dur ing recon-
naissance prospecting is discouraging. 

The Dawa river alluvial deposit near junction of the Cursu and the 
Dawa r ivers was found to be very rich. The area is located geologically 
in the Adola series, and it is par t icular ly rich in amphibole schist. About 
9,5 k m f r o m the Cursu junct ion at Dawa is the junction of a 10 k m long 
valley which seems to be located in Adola series. All the above-mentioned 
placers belong to the youngest erosion cycle. 

Aflata Basin 

The main creek of the Af la ta basin, which is si tuated southwest of 
the Dawa basin, is about 100 k m long. This s t ream has been found to 
be gold-bearing, and manua l operations have taken place in t he area 
(Fig. 9). The basin is located in Adola series, and i t belongs to t he 
youngest erosion cycle. 

Ujima Basin 

A similar erosion basin wi th a relatively large surface is developed 
south of the Af la ta basin. The length of the ma in placer, including feeder 
placers, amounts to 47 k m taking into consideration only the area included 



in the existing aerial photographs. Only a small part of this drainage 
basin (that belonging to the Adola series) has been found to be gold-
bearing. However, in the portion of the placer located on gneiss no gold 
has been found. 

Fig. 9. Hand panning for gold in Af la ta placer. Adola district 

M a k a n i s s a B a s i n 

The Makanissa basin is situated as a peneplained area belonging 
to the second erosion cycle between the Awata and Mormora rivers east 
of Ula-Ulo mountain. Large valleys were formed during this erosion 
cycle. Prospecting for gold in this area started in 1963. The basin is 
built up of talc-chlorite-tremolite schist on the boundary with gneiss. 



L o w e r A w a t a Bas in 

The Awata river flows in its lower course (before its junction with 
the Mormora) on gneiss. Gold placers have not been reported from this 
area. The area belongs to the youngest erosion cycle. 

K o j o w a Kive r Bas in 

The Kojowa river is flowing in the course included in available 
topographical base on gneiss. Commercial deposits have not been reported 
from this area belonging to the youngest erosion cycle. 

P l a c e r M i n i n g 

Past methods (Jelene, 1956) of working in this area include 
mainly (about 6/7 of the production) the digging of a large number of 
pits by handwork (Fig. 10). After the pit reaches bedrock, gold-bearing 
gravel is excavated in all directions as much as the primitive means 
permit. The distance between the pits is about 5—10 meters. The gold-
bearing gravels are handed up from the pits and are carried for washing 
to the nearest small rivers or water basins which are dug on the surface. 
Water is transported to the washing basins from the nearest river by 

Fig. 10. Hand panning for gold in Dawa placer. Adola district 



Fig. 11. Clear ing operat ion for t ransmiss ion l ine of Shanka gold operat ion 
in forest a rea in Adola dis t r ic t 

trucks or by workers. Some short canals were also constructed to supply 
water to working places in the valleys wherever convenient. 

Dredge-dragline equipment was first installed in Bedakessa creek 
and later in Shanka creek (Figs. 12, 13, 14). This equipment has a washing 
capacity of 90 cu. m gravel per hour. 

A water-supply system was built to supply water to the dredge and 
for ground sluicing in Bedakessa, as well as in neighboring valleys. An 
earthen dam was also built at Wolabo to accumulate water. The dam has 
a capacity of about 30.000 cu. m. From Wolabo dam, the water is conveyed 
to another reservoir located some 10 m above the upper Bedakessa valley. 

The output of the gold by handwork operations decreased from 
initial 7395 kg during the 1944-48 period to 5299 kg during the following 
1948-1952 period, and to 3023,3 kg during the 1952-56 period mainly 
due to the exhaustion of gold placers in the affluents of the Awata and 
the left bank of the Mormora river, as these placers are situated near 
water suitable for the handwork. The placers situated far from water 
have remained out of operation as the exploitation of those placers 
required larger investments for water supply and therefore for prospect-
ing and exploration to find out the reserves. In order to prevent a further 
decrease in gold output, mechanization has been planned for the Shanka 
and Bore basin placers. These projects are based on proved reserves of 



Fig 12. New power p lan t 500 kW for Shanka gold dragl ine-dredge operat ion 

gold, which have been increased from 2000 kg in 1958 to about 11 000 k. 
in 1963. These reserves represent a sound basis for further mine develop-
ment and gold output, which has already increased owing to the disco-
very of Dawa Cursu placer and the introduction of a mechanized project 
at Shanka. Both projects are based on dragline stripping of the over-
burden of the gold placers, and on dragline dredging of gravel. 

A further increase in the gold output is expected with reconstruction 
of the Shanka and Bore projects. Two pover stations have been built 
to supply these two projects with power. One Diesel power station of 
500 k W is supplying the Shanka mechanization project. A second 1500 kW 
water power station is under construction at the Mormora river 
(Figs. 15 a, b). It will supply power to the Bore basin placers mechaniza-
tion projects. 

At the Shanka placer, the mechanization project represents merely 
a reconstruction project with the main aim of increasing the gold 
output. The text below describes the main features of the Bore mining 
project. 



Fig. 13. Mechaniza t ion projec t Shanka . T w o dragl ines of the Dragl ine-dredging 
operat ion. Adola dis t r ic t 

Fig. 14. Mechaniza t ion pro jec t Shanka . Washing p lan t fo r gold of the Dragl ine-
dredge operat ion. Adola dis t r ic t 



B o r e P l ace r P r o j e c t 

It has been proved (Jelene, 1956) that the handwork method of 
mining is not profitable from a national economic point of view. Therefore 
mechanization of work and treatment is needed. The large investment 
could only decrease the cost and increase profits and the repayment of 
invested capital. 

An additional motive for the mechanization of projects is stabili-
zation of production. The gold production from manual labor in the 

Fig. 15. Construction of the power 
plant 1500 kW at Mormora r iver 
for Bore Dragl ine-dredge operation 



last ten years has varied f r o m 1662 to 310 kg annually. A constant 
production is possible only if it is based on reserves which would assure 
a more or less constant ou tpu t fo r many years in advance. Certainty 
as to proved reserves of gold is the only way of making the investment 
possible and enabling the repayment of capital on equipment and 
machinery. 

The renewed effor ts at surveying in 1959 and at prospecting in 1960 
were some of the most impor tant prerequisi tes for start ing the Bore 
placer project . 

Intensif ied work has been started 1959 to p repare all requi rements 
and preparat ions for the mechanization project started. The main fea tures 
of the work were : 

1. Surveying and prospecting in 1959-1961. 
2. The approval of the investment program of 1959, which included 

a power station, workshop, mining equipment , wa te r supply, and mining 
camp and subsequent elaboration of Bore placer project . 

3. Selection of electricity as the source of power and the s tar t ing 
of the constructing for a power plant and pumping station workshop 
in 1962 and 1963 respectively. 

The above-mentioned basic data enabled the s tar t ing of the placer 
project, which was completed dur ing the second par t of 1960 and in 
the f i rs t pa r t of 1961. 

The a rea in which the traces of gold occur covers abou t 10 000 sq. km 
while the drainage basin of the Upper Bore, on which the project is based, 
covers a surface of only about 100 sq. km. 

The present project represents the f i rs t a t tempt to exploit the virgin 
gold gravel wi thout foregoing handwork operation on the basis of proved 
gold reserves. Observations of wa te r losses f rom the exploration pits 
organized by the author have made possible an est imate of leakage dur ing 
exploitation as the dredging has been selected f rom among many al ter-
nat ives as the cheapest one. 

In order to determine the upper limit of possible losses of wa te r 
f rom the pond, K 1 e i n d i e n s t (1960) considered the specific discharge 
of pit No. 28/K wi th a 7 cm decrease in wa te r level dur ing 10 minutes 
of observation a f t e r get t ing the stabilization of wa te r losses to 
0,0136 lit./min. X sq. cm. 

Applying the results of the above exper iment to the actual case 
of the possible leakage in the widest cross section of the exploitation 
area wi thout regard to d i f ferent conditions leads to the following resul t : 
discharge of 367,5 l i ters per minute. 

This result is based on the highest observed discharge f rom the 
pits dur ing the experiments. The m a j o r portion of the results showed only 
one-third to a m a x i m u m of one-half of the value taken into account above. 

On the basis of the results in test pits and theoretical considerations, 
it can be concluded tha t the expected leakage f rom the pond for t he 
dredging does not represent any problem, and for this reason it presents 
no hindrance to the proposed dredge project . 



Nicke l -Chromium Deposits 

The n icke l -chromium p r i m a r y deposits a r e confined in genera l to 
m a g m a of basic and u l t rabas ic provenience. Basic m a g m a which general ly 
displays p ronounced d i f fe ren t i a t ion w a s in t ruded in to the metased iments 
of Adola series, and it has split in to peridot i te , pyroxeni te , and diorite. 
The se rpent in i te which p redomina tes is der ived f r o m ul t rabas ic rocks 
of an originally per idot i t ic composit ion. Less a l tered specimens still show 
some relic cores of t he ear l ier ma f i c minerals , main ly olivine. Serpent in i te 
is composed of l izardite, a se rpen t ine- type mine ra l (B a i n e s and 
D u e s i n g , 1963).* Metamorph ic equivalents of t h e u l t rabas ic rocks and 
the i r a l te red produc ts as t hey occur in the Adola series h a v e shown 
traces of nickel and ch romium minera l s bo th in p r i m a r y and secondary 
mine ra l occurrences. 

Chromi t e is found as a n accessory mine ra l of t he serpent ini te , and 
d u e to m a g m a t i c segregat ion it seems to b e concent ra ted in lens-shaped 
bodies, whose exis tence is proved by eluvial chromite, a product of 
erosion of t he f o r m e r p r i m a r y chromi te deposit most ly nea r or on the 
sur face of t he serpent ini te . As la rge serpent in i te bodies a re found , t he r e 
exist a f a i r possibili ty of f ind ing chromi te deposits in th is t ype of rock. 
The content of ch romium in the serpent in i te amoun t s to 0,01—0,03 °/o. 

In one case a t Budussa (Fig. 16), e luvial ch romi te w a s f o u n d associ-
a ted w i t h an thophyl l i t e schist some ki lometers f r o m serpent ini te . This 
could be expla ined by pos tmagmat ic in jec t ions into in t rus ive rock 
su r round ing metasediments , or by complete erosion of serpent in i te body. 
In Dubicha G u d d a t h e chromi te w a s found as p r i m a r y const i tuent of 
serpent ini te , however , in an tophyl l i te coat ing in lenses 3 m long and 
m a x i m u m 20 cm thick s t r ik ing EW and h e r e and the re NE—SW. 

Chromi te deposits associated wi th ta lc -carbonate and ta lc schists 
a r e k n o w n f r o m South Afr ica and sou thern Rhodesia respectively. In the 
f u t u r e prospect ing bo th possibilit ies of p r i m a r y chromi te deposit shall 
be considered. 

In general , some nickel- bear ing rocks contain considerable quant i t ies 
cf su lphu r which gives r ise to nickel sulphides deposits. As the occurrences 
of S idamo do not contain su lphur , t he nickel was originally combined 
w i t h silica, a n d w h e n it congealed a rock conta in ing n icke l i fe rous sil icate 
(olivine) w a s fo rmed . Labora to ry exper imen t s show according to 
K i t a i s k y (?) tha t a mol ten mass consisting of va r ious metals , su lphur 
and silica const i tues not one, b u t two ho t liquids. These l iquids a re as 
immiscible as w a t e r and oil. When the m a g m a chamber cools, t h e molten 
su lphide mass begins to crystal l ize la ter t h a n the mol ten silicate. As the 
su lphu r did not exist in t h e u l t rabas ic and basic m a g m a of S idamo 
Province, nickel deposits a r e of silicate type. T h e r e we re no indicat ions 
of sulphidic nickel minera l s in th is province. The re fo re it is ha rd to 

* J am thankfull to Baines T. V. of International Nickel Comp. Ontario for 
friendly communication about petrographic determination made by Duesing 
C. M. in 1963. 



e x p e c t t h a t s u l p h i d i c n i c k e l m i n e r a l s wi l l b e f o u n d a s t h e s u l p h u r c o n t e n t 
w a s d e t e r m i n e d t o b e v e r y l o w (less t h a n 0,01 °/o) in t h e s e r p e n t i n i t e 
cf t h i s a r e a . T h e u l t r a b a s i c a n d b a s i c m a g m a w h i c h h a s g i v e n r i s e t o 
n i c k e l d e p o s i t s w a s t h e r e f o r e a n i c k e l i f e r o u s s i l i ca t ic m a g m a 

Fig. 16. Eluvial chromi te deposit a t Bu-
dussa. Adola dis t r ic t 

T h u s , n i c k e l is g e n e t i c a l l y p r o b a b l e a s s o c c i a t e d o r i g i n a l l y w i t h o l i v i n e 
a n d o t h e r s i l i ca tes w h o s e l a t t i c e s w e r e a l t e r e d d u r i n g t h e p r o c e s s of 
m e t a m o r p h i s m . N i c k e l c o m p o u n d s of u n k n o w n c h e m i c a l s t r u c t u r e w e r e 
f o r m e d t o g e t h e r w i t h s e r p e n t i n i t e . 



The main accessory minera l of the compact rock zone is crystalline 
magneti te, which is par t ly replaced by amorphous magneti te. The 
amorphous magnet i te is younger than the crystalline magneti te, and it 
seems to be replaced par t ly by t revori te (?), as the analysis of amorphous 
magnet i te has indicated a content of 0,96 °/o of Ni and 0,44 % of Cr. 

The magnet i te occurs in veins 2—5 m m thick as well as in the fo rm 
of gra ins dispersed in the p r imary rock, i. e. in the serpentinite. 

Serpent ini te fo rms lens-shaped and i rregular bodies of various sizes 
in t he talc-chlorite-tremolite schist. The Tulla serpentini te body is about 
800 m long and about 100 m wide on the average. The Dubicha Gudda 
and Mika serpentini tes have a total length of a few kilometers and a 
width of several hundred meters. The serpentini tes of Bur j i j i and of 
Budussa are a f ew hundred m long and about 50 m wide. The Kenticha 
serpentinite, which is composed of many bodies, indicates various sizes. 
The serpent ini te of Ula-Ulo is round wi th a d iameter of 300 m. The 
T'Allo serpent ini te is similar to a layer parallel wi th the Adola series. 

Monissa serpentini te which str ikes nor th-south is composed of three 
bodies cut by erosion of two brooks f lowing in east-west direction. The 
total length of serpent ini te is about 7000 m being 200—500 m wide. Lolotu 
serpent ini te is about 1000 m long, being about 300 m wide. Near Budussa 
there occur two serpentini te bodies Tulan Chebi being about 20 m long 
and 10 m wide and Aragessa, being composed of four separated bodies 
covering totally about 400 sq. m of surface. Chabessa serpent ini te is 
si tuated between Monissa and Dubicha Gudda serpentinites being about 
1000 m long and about 250 m wide. 

Morphologically the serpent ini te builds elevated, round, elliptical, 
or i r regular bodies which can be easily recognized in the field. The 
serpentini t ic mounta ins domina te over wide areas, i. e. Ula-Ulo extends 
over the Bore drainage basin, as do the Dubicha Gudda and Dubicha 
Mika mounta in ridges over the Kebre Mengist plane. They are mostly 
devoid of forest. 

According to the assumed pr imary content of chromium and nickel 
minerals in the serpentinite, the above areas m a y be divided into two 
groups. The f i rs t group comprises serpentini te bodies where eluvial 
chromite was not found. The second group comprises serpent ini te where 
eluvial chromite was found to be either associated wi th the serpentini te 
or near it. 

In the f i rs t g roup a r e Bur j i j i , Ula-Ulo, and Tulla. They a re bar ren 
of eluvial chromite, bu t they contain, however, small amounts of chromite 
as accessory mineral , as indicated by chemical analysis. Owing to the 
small content of nickel (0,2—0,5%), the serpentini tes have no commercial 
value as minera l deposits, as the nickel was not found in sulfidic form. 

The second group of p r imary occurrences of chromite has been 
indicated by eluvial chromite debris a t Budussa, Kenticha, Dubicha 
Gudda, Dubicha Mika, and the Wollabo area (where chromite debris 
were found, but no serpentinite). The commercial value of these deposits 
can be determined only by extensive prospecting and exploration. 
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Fig. 17. Geologic sketch map a t Tulla 

S t r o n g e r ind ica t ions of t h e e luvia l ch romi t e w e r e f o u n d a t Budussa , 
associated w i t h t a lc -ch lo r i t e - t r emol i t e schist ; smal le r ind ica t ions associated 
w i t h se rpen t in i t e , howeve r , w e r e f o u n d a t D u b i c h a G u d d a a n d T 'Allo 
va l ley . A t W o l l a b o va l ley , on ly a f e w p ieces of c h r o m i t e w e r e f o u n d . 

Nickel mine ra l i za t i on 

T h e decomposed zone h a s b e e n enr iched in n ickel in t h e a l t e red 
zone of s e r p e n t i n i t e of Tu l la , Ula-Ulo , Ke.tta, Ken t i cha , D u b i c h a G u d d a , 
D u b i c h a M i k a a n d o the r depos i t s of th i s a rea . T h e n ickel con ten t in t h e 
zone of t h e compact , f r e s h rock a m o u n t s to less t h a n 0,5 °/o and c h r o m i u m 



to abou t one "tenth of th is percentage, wh ich corresponds to the n o r m a l 
geochemical content of these meta l s in t h e f ami ly of t he u l t rabas ic rocks. 

Nickel deposi ts of Tul la , Ula-Ulo, a n d o the r s a s wel l a s t he deposits 
along t h e M o r m o r a — A w a t a wa te r shed a t Kent icha a re associated w i t h 
res idual soil of a l te red serpent ini te . Residual soil of t h e uppe r zone of 
t h e fo rma t ion is enr iched in garn ie r i t e and p robab ly in o ther nickel 
compounds. 

Tul la 

The n u m e r o u s ga rn ie r i t e veins dip 20—30° E. They fol low the f is-
sures of t h e a l te red serpent ini te , which a re paral le l to the slope of t he 
Tul la Saddle. 

Residual nickel deposit in Tul la has been dril led systematical ly. 
Table VII shows the dep th a n d Table VIII t he pet rographica l and che-
mical section of res idual soils. The s i tuat ion of t he holes dril led and pi ts 
d u g is g iven in t h e Fig. 17. 

The highest conten t of nickel fol lows t h e l ine 13 — 1 — 2 — 3 — 4 — 
24 — 7; however , t h e vo lumes do no t show commercia l quant i t ies . 

These pe t rographica l a n d chemical character is t ics indicate t ha t the 
nickel deposit is associated w i t h res idual soils. The const i tuents such 
as magnes ium salts and silica a r e washed out of t he serpent in i te . The 
decomposed superf ic ia l zone in t h e Tulla deposit has been enriched in 
var ious nickel compounds. 

Prospect ing based on t h e above chemical analysis has proved a round 
6500 tons of nickel in 583 000 tons of nickel ore wi th 1,14 % of nickel, 
considering only t h a t p a r t of t he cores of t h e bo re holes w i t h nickel 
content h igher t h a n 1 % . 

The average dep th of t he deposit was f o u n d to be 6,57 m. The deepest 
minera l iza t ion w i t h nickel content above 1 °/o is f o u n d in the bore hole 1. 

Table VII 
THE DEPTH OF RESIDUAL NICKEL DEPOSITS IN THE TULLA AREA 

AS DETERMINED BY DRILLING 

Number 
of the 
hole 

Depth of 
the hole 

m 

Depth considered 
for reserves 

m 

Residual 
soil with 

serpentinite 
m 

Serpen-
tinite 

m 

Average 
nickel 

content % 
1 79,60 18 24,70 54,90 1.14 
2 6,50 1 1,00 5,50 1,03 
3 4,00 1,2 2,20 1,80 0,92 
4 13,00 9,0 10,10 2,90 1,45 
7 6,00 5,00 6,00 — 1,14 

24 3,0 3,0 — — 1,18 
13 8,80 8,8 8,80 — 0,89 



Table VIII 
SECTION OF THE BORE HOLE Jfc 1 AT TULLA 

B ° r , nJ i th € 1 Petrographical composition Nickel 
of core content % in meters 

0,0— 0,7 Brown, argillaceous, decomposed serpentinite with white 
spots 1,58 

0,7— 1,4 Pink, decomposed serpentinite 0,98 
1.4— 3,0 Pink, sandy, decomposed serpentinite 1,80 
3,0— 3,5 Pink, argillaceous, decomposed serpentinite 1,42 
3.5— 6,5 Pink, argillaceous, decomposed serpentinite 0,84 
6,5— 8,0 The same as 3,5—6,5 1,58 
8,0— 9,5 Pink, sandy, argillaceous, decomposed serpentinite 1,58 
9,5—10,0 The same as 8—9,5 1,10 

10,0—12,5 The same as 9,5—10,0 0,70 
12.5—13,0 The same as 10,0—12,5 1,07 
13,0—13,8 The same as 12,5—13,0 1,01 
13,8—15,6 Brown, sandy, argillaceous, decomposed serpentinite 
15.6—18,0 The same as 13,8—15,6, but a t the lower portion with 

transition to compact, fresh serpentinite 0,73 
18,0—21,0 Sandy, pinkish, argillaceous, decomposed serpentinite in 

the upper part ; green spots in the lower layers of 
compact rock 0,44 

21,0—24,0 Pink, sandy, argillaceous, decomposed serpentinite 0,56 
24,0—24,7 Shaly, sandy, grey to reddish layer of decomposed ser-

pentinite 0,64 
24.7—79,6 Compact, fresh rock with yellow and green veins im-

pregnating the rock, but with intercalations of grey 
sandy layers; weak reaction to HC1. Less than 0,5 

Ula-UIo 

The n u m e r o u s gern ier i te veins occur in t h e wes t e rn slope of t h e 
Ula-Ulo hill, discovered a long the road cut in t h e slopes. T h e y d ip 30° W 
and a re most ly paral le l to t h e wes t e rn slope of t h e hill, f i l l ing f i ssures 
of t he a l tered serpent in i te . 

The Ula-Ulo zone w a s dril led in 1963 (May—December) . A b o u t 1500 m 
of shal low bo re holes w e r e spot ted. S o m e of t h e m a r e s h o w n in Tab le IX. 
Chemical analyses h a v e been carr ied out f o r each m e t e r of t h e core in 
the l abo ra to ry of t he Minis t ry of Mines. Consider ing only those por t ions 
w i t h nickel contents over 1 °/o, t h e ave rage content of th is deposit w a s 
f o u n d to b e 1,5 °/o. Tak ing in to considera t ion only t h e contents over 
0,8 °/o, t h e ave rage nickel content w a s f o u n d to b e 1,35 %>. T h e t onnage 
of nickel o re w a s about 2 000 000 tons a t t h e end of 1963. 

This deposit conta ins a n enr iched ore zone w i t h t h e highest g r a d e of 
nickel (4,53 °/o) indicated by garn ier i te . 



SOME OF THE ULA-ULO NICKEL CONTENTS 

Number of Depth of the Average nickel 
the hole hole, m content, % 

36 6,7 1,22 
59 3,0 1,27 

0/F 6,5 1,77 
0/B 9,5 1,76 
0/E 6,0 1,39 
1/B 3,3 3,70 
2yB 13,0 1,40 
2/A 11,5 1,09 
o/c 0,3 1,69 
1/A 20,4 1,95 
2'C 3,0 1,08 
3/B 6,3 1,41 
4-A 12,0 1.88 
4,B 5,0 1,77 
5/A 5,0 2,31 
5/B 10,8 1,90 
5/C 4,0 1,35 

12 9,6 0,96 
13 8,9 0,92 
14 8,8 1,45 
15 4,2 1,06 
1C 7,5 1,38 
17 5,0 1,13 
18 12,0 0,84 
19 8,3 1,43 
20 6,0 1,54 
21 2,0 1,06 
22 4,7 1,39 
23 4,0 0,93 
26 4,5 1,15 
27 8,7 1,11 
40 11,2 1,54 
41 6,6 2,23 
43 3,0 1,05 
45 2,0 1,30 
47 2,3 1,45 
62 5,0 1,12 
72 3,4 0,95 
95 5,0 1,21 
97 5,4 1,98 

Average depth 6,61 1,35 

Ki l ta 

A n o t h e r deposit of t he same type is found 2 k m to the south of 
Ula-UIo. This se rpen t in i t e also shows en r i chmen t of nickel in res idual 
soil of t he a l te ra t ion zone. 
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Dubicha Gudda and Mika 

This serpent ini te residual soil shows enr ichments of nickel. The 
prospecting in this area is carried out at present on a large scale. 

Monissa 

Monissa weathered serpentini te and subordinate lateri t ic soil wi th 
nickel contents wi thin 0,5 and 1,1 % is s i tuated in ex t reme nor th of t he 
Sidamo-Province p re -Cambr ian rocks area si tuated about 16 k m west 
of Meleka village, which is in tu rn about 35 k m f r o m Kebre Mengist 
village at the road to Addis Ababa. It could be visited also f rom Chambi 
village along the pa th about 7 k m long in nor thern direction. Chambi 
village could be reached f r o m Kebre Mengist by road constructed for 
the gold-bearing areas of Ababa r iver drainage basin. 

The nickel-bear ing area which is m o r e o-r less identical wi th t h e 
serpent in i te is about 5000 m long and 100—500 m wide. The serpent ini te 
is embedded in talc-chlorite-tremolite schist bounded mostly by gneiss. 

Lolotu 

Lolotu is located about 32 k m south-eas twards of the Adadicotu 
airfield. The nickel-bearing area is associated wi th weathered serpentini te 
and subordinate lateri t ic soil. The nickel content of samples got by pre-
l iminary prospection gave similar results as the samples collected in 
Monissa. 

Chabessa 

Chabessa serpentini te body is similar to Dubicha Gudda serpentinite 
and is s i tuated between Monissa and Dubicha Gudda about 3 k m to the 
no r th f r o m Dubicha. 

The available surface of serpent ini te is smaller t han in Monissa and 
Dubicha mountains. Its nickel content in weathered serpentini te is similar 
to tha t of Monissa. 

Tuian Chebi and Aragessa 

In ex t reme south of the serpent ini te outcrops south of Kenticha the 
nickel content in weathered serpentini te of two samples amount to 1,5 °/o. 

* 

The above described nickel ores of Sidamo have been discovered by 
nickel bloom. The rock outcrops were at tacked by meteoric water , oxidized 
by air, and decomposed by organic acid deriving f r o m the metabolic 
activity of plants and animals, a process which may be compared wi th 
t he oxydation of metals. Prolonged oxidation of nickeliferous minerals 
on the ear th surface, part icular ly at Tulla, produced nickel green, which 
could be a hydrous oxide or a hydrosilicate. The apple green t int stain 
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is in contrast against the pink-grey background of serpentinite. Par t i -
cularly at Tulla serpent ini te outcrops nickel green occurs on the surface 
of serpentini te as sinters, incrustations, coatings, also as small veins or 
ne twork of vein lets extending some distance into the serpent ini te f rom 
its surface. The typical apple green t int staining gave rise to inhabi tants 
of this region to pay at tention to the occurrence on which samples have 
been sent to the Ministry of Mines. 

Based on favourab le resul t of analysis, prospecting s tar ted in the 
year 1963 at Tulla. The f i rs t s t ructura l bore hole proved the distribution 
of nickel in the depth (Table VIII). This hole show tha t the highest con-
centrat ion of nickel was found in the depth of 1,4 m — 3,0 m with 1 ,8% 
of nickel. In the depth the content of nickel decreases up to 18 m. Small 
variat ions wi thin 0,44 and 0 ,64% have been found in content of nickel 
in deeper par ts of the core, but the content was less than 0,5 % of nickel 
below 24,7 m. The drilling proceeded u p to 79,6 m in serpentini te and 
proved tha t any concentration of nickel could be expected in the depth. 
Based on this bore hole, a large drilling program was set up and carried 
out in Tulla area, par t ly with mechanized drilling, par t ly with pitt ing 
and hand boring as the small depths requested to reach serpentinite with 
less content than 0 , 5 % of nickel vary within 3 m and 13 m. 

At Ula-Ulo and other serpentini te nickel staining was hidden until 
t he prospecting started. I t appeared along the road to the top of Ula-Ulo 
mountain which cuts the slopes of this mountain . 

It was mentioned in the pr imary nickel deposit chapter that the nickel 
compound originates f r o m the disintegration of the olivine lattice 
dur ing the process of metamorphism and concentration of nickel in the 
product of metamorphism. Serpentini te is an alteration product of 
olivine and pyroxene. The serpentinite is chemically composed of metals 
(magnesium, iron, nickel) l inked wi th silica in a definite order. Serpen-
tinite contains a very minute amount of nickel which replaces a part 
of magnesium and iron, and which is probably uniformly distributed 
throughout the mineral. I t represents the initial material f rom which 
silicate nickel ore was derived. 

In order to get the nickel deposits of higher concentration (over 1 % 
of nickel) compared with the average content of serpentini te (less than 
0,5 %) of nickel, process of weather ing must take place. 

During the process of weather ing the first element leached out was 
magnesium, followed by more magnesium together with iron and nickel. 
The last to be weathered was the silica matr ix . All these elements were 
dissolved by water , which infi l trated underlying rocks through cracks 
and pores. 

First precipitated at the very surface of the ear th was iron which 
accumulated in the upper crust between 0 m and 1 m forming a type 
of brown laterite, being loose if dry, and argillaceous if wet. A pa r t of 
the iron went fa r ther down to be deposited in the fissures of the rock 



Veins of crystalline magnet i te and amorphous magnet i te occur 
wi th in this layer. These veins usually limit the second layer and introduce 
the thi rd layer which consists of l ight par t ly weathered serpentini te of 
lower density t han f r e sh serpentini te which has not been decomposed 
into clay. A characteristic of this zone is the magnesi te occurring as whi te 
veins i n fissures, and m i n u t e grains of calcite, as this layer shows weak 
reaction of hydrochloric acid. The leached serpentini te is nickeliferous 
only at the upper par t near to the second layer where increased contents 
have been noticed compared wi th the lower par ts of the layer. Fa r the r 
down, as the above mentioned carbonates begin to appear, the amount 
of nickel decreases unt i l it reaches the unal tered serpentinite. 

The Tulla deposit represents a t ransi t ion type to the f issure type 
of nickel deposit, where the zoning is not so clearly expressed. However, 
deposits as Ula-Ulo, Dubicha Mika and Gudda belong to the clearly zoned 
types of weathered nickeliferous deposits. 

The subsequent erosion influenced the ent ire nickeliferous deposit, 
as it is composed of comparatively loose and easily erodable argillaceous 
material . Therefore, at some places (Dubicha Mika and par t ly Dubicha 
Gudda) the upper layer and a par t of second layer were eroded, as the 
serpent ini te with magnet i te veins appeared at the surface. In some places 
only the uppe r layer is eroded (part of Tulla and Ula-Ulo), as t he highest 
contents of nickel have been found at the surface or near of it. 

Af t e r weather ing of serpentini te nickel in the solution was carried 
deeper compared with iron to be precipitated in the depth of 0,7—1,3 m. 

Magnesium, however , infi l trated deeper layers of the rock, and it 
deposited a f te r iron and nickel. Therefore, f issures filled wi th magnesite 
were observed. This layer represents the root of the weather ing process. 

Silica began to dissolve only when the serpentini te was completely 
f r e e of above mentioned metals. While a par t of silica remained in situ, 
the leached par t s were gradually deposited in the pores and fissures. 

The above process gave rise to the following sedimentat ion character-
istics, which are found in all deposits prospected and explored in details 
(Tulla, Ula-Ulo, Dubicha Mika and Gudda) in more or less clear forms. 

The lateritic iron layer with t ransi t ion to ochre occurs in the upper 
pa r t of the weathered zone. This zone is mostly eroded and only partly 
preserved. The middle par t of the weathered zone is mainly composed 
of pink, sometimes sandy argillaceous material (clay) with remnants of 
original serpentinite. 

This clay is of low plasticity, it is waxl ike and greasy if touched. 
Minute inclusions of octahedra of magnet i te and probably of other spinels 
wi th traces of p la t inum could be detected in it, if the material was 
panned as at Tulla and Ula-Ulo in form of f ine black sand (clay which 
originates f rom other rocks usually does not yield black sand). By means 
of the microscopic analysis of Ula-Ulo mater ia l veins and str ingers of 
chalcedony were determined in this layer. These veins result f rom silica 
deposited in cracks by descending solutions. 



Secondary (eluvial) chromite deposits 

The largest residual deposit of chromite was found in Budussa 100 km 
south of Kebre Mengist. The serpent ini te in th is a rea occurs in t he 
environment of the chlorite-tremolite schist and antophylli te rocks (with 
asbestos) in fo rm of two bodies. Chromite boulders occur in blocks up 
to 0,5 cu. m in size. 

Trenching carried out in the year 1960-61 has proved tha t the eluvial 
chromite blocks are isolated f rom mother rock. They have been brought 
to the surface by gradual erosion of the mother rock which could be talc, 
as relics of this rock have been found associated wi th chromite boulders. 

The reserves of residual chromite amount to max imum 2000 metric 
tons. The relation between iron and chromium is very favourable and 
could be considered as a high-grade chromite in respect of its low iron 
content. As the reserves are too small, the residual deposit has no 
commercial value. 

According to B e n t o r (1963) who visited in the year 1963 the 
Budussa chromite occurrence, the chromite boulders could not have been 
t ranspor ted f rom afar , as evidenced by their very large size and by the 
fact that on the highest par t of the t rench chromite pebbles occur without 
any admixture of other materials. According to this visitor, there are 
three possibilities of the origin of the chromite blocks. The f i rs t one 
explains the boulders being formed f rom at a present eroded pr imary 
chromite deposit nea r t he present eluvial deposit. The second possibility 
assumes the boulders having rolled down f r o m the higher par t of 
Budussa mountain, w h a t seems to be remote, as a survey showed that 
nei ther rocks usually associated with chromite nor chromite occur on 
this hill. The thi rd possibility assumes the chromite blocks derived f rom 
an exposure of ul trabasic rocks occurring about 4 k m to the NNE. 

A very small number of chromite pieces occurs at Dubicha Gudda 
and Dubicha Mika; therefore, the residual chromite deposit has no 
commercial value. The same may be concluded for Wollabo Valley 
chromite occurrences. 

Genesis of nickel-chromium deposits 

Taking in consideration the above mentioned field data and la-
boratory investigation, t he chromium and nickel are derived f rom 
peridotit ic magma. The fo rming of the deposit was as follows: 

Peridotit ic magma 
Peridot i te-magmatic concentration 

(Olivine with nickel and chromite was formed) 
Metamorphism 

(Nickel went into solution and formed various compounds) 
Serpentini te 

(Concentration of nickel as well as chromite in serpentinite) 



Alte ra t ion and erosion 
(A res idual clay w i t h garn ie r i t e and o ther nickel compounds is 
f o r m e d . Eluvial ch romi te deposi ts n e a r se rpen t in i t e w e r e f o r m e d 
b y erosion of serpent ini te) . 

S u m m a r y 

To improve t h e m i n e deve lopment and increase the gold produc t ion 
in Ethiopia, in S idamo province a complex geological-mining deve lopment 
projec t is being carr ied ou t b y t h e Minis t ry of Mines of t he Imper ia l 
Eth iopian Gove rnmen t . T h e m a i n m e t h o d used w a s a sys temat ic prospect -
ing in o rde r to increase t h e gold reserves, p l ann ing of mine development , 
const ruct ion of w a t e r supply a n d p o w e r supply system, and acquis i t ion 
of n e w mining equ ipmen t . 

D u r i n g geological mapp ing me tamorphosed u l t rabas ic rocks h a v e been 
found , and a sys temat ic prospect ing and explora t ion f o r nickel and 
c h r o m i u m minera l s is actual ly carr ied out. 

T h e resu l t will be t h e increase of gold product ion by mechanized 
pro jec ts a n d t h e l imi t ing of h a n d w o r k product ion on placers unsu i t ab le 
f o r m i n e development . 
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