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In t roduc t ion 

Ethiopia is still one of t h e f e w Af r i can countr ies w i thou t a wel l 
act ive Publ ic Geological su rvey ( D i x e y , 1960). Accordingly, t h e mine ra l 
potent ia l of t he coun t ry is k n o w n only par t ly , a n d t h e act ivi ty in mine ra l 
explora t ion develops still on occurrences a n d deposits k n o w n for a long 
t ime ago. The prospect ion f r o m t h e ancient t imes revealed m a n y of the 
exis t ing deposits, especially those visible a t t he surface . Besides gold 
wh ich w a s t h e p r i m a r y t a rge t of t he ancient prospector , also i ron ore 
deserved special a t t en t ion by t h e na t ive people in i ts s t ruggle t o get 
p rovided w i t h weapons and utensils. The na t ive people exploi ted and 
smel ted i ron ore a t n u m e r o u s localit ies f o r centur ies and still n o w a d a y s 
t h e p r imi t ive t echn ique of smel t ing by use of charcoal can be seen. 

Wi th the beginning of m o d e r n t ime the new-comers became in te r -
ested in searching f o r i ron and other mine ra l r a w - m a t e r i a l s in the 
country . Dur ing t h e I ta l ian occupat ion ser ious e f fo r t s have been m a d e to 
assess and to develop i ron ore deposits , b u t w i thou t pract ical success. 
No n e w la rge a n d economically i m p o r t a n t deposit has been discovered 
and developed. 

Also in t h e pos t -war t ime no addi t iona l i ron ore deposit w a s f o u n d 
and t h e assessment of t he k n o w n deposi ts w a s directed t o the idea of 
e r rec t ion a m o d e r n steel-mill indus t ry . Present ly , the re is only one smal l 
steel f o u n d r y a n d roUing mill opera t ing f r o m 1962 a t Akak i n e a r Addis 
Ababa , a n d hav ing a capaci ty of 50 tons per day only. Sc rap i ron is used 
prevai l ingly w i t h a smal l a m o u n t of l imoni te ore f r o m En to to hill. 

Fol lowing t h e suggest ions of t he Second f ive y e a r P l a n on the u rgen t 
p r io r i ty and special s ignif icance fo r i ron prospect ing, ex tens ive exp lora -
t ion w a s u n d e r t a k e n in the las t t w o yea r s by the Minis t ry of mines, 
and directed t oward ve r i fy ing t h e reserves of i ron ore in t h e k n o w n 
deposits. In the Plan, however , t h e const ruct ion of a steel and m e t a l 
i ndus t ry based on domest ic ore is p l anned fo r t h e end of 1967. The f i r s t 
s tep of r enewed reconnaissance and explora t ion of t he m a i n p a r t of 
k n o w n deposi ts is in genera l f inished. F u r t h e r explorat ion, being in course 
now, is car r ied out by specialised g roups of fore ign cont rac tors a n d is 



directed toward the assessment of the eventual economic reserves by 
means of geophysical and drilling techniques. 

The iron and manganese ores hi ther to known in Ethiopia are oxidic 
only. The deposits belong to d i f ferent types as it will be described in the 
following. 

This article presents a brief summary of essential data on the pr in-
cipal iron and manganese ore occurrences in Ethiopia known till the 
beginning of 1964. The description of individual deposits is given mainly 
on the basis of personal field observation as well as own sampling and 
microscopic examination, supplemented by additional data f rom published 
l i tera ture and other sources. For each deposit a very short history of 
exploration is mentioned. The geological mode of occurrences is described 
and the deposits are classified regarding the origin. The reserves are 
est imated regarding the type of deposit and the degree of exploration. 
The measured tonnages have been calculated for some of the deposits. 
Three of the occurrences t reated have not been visited and verified by 
the au thor in the field. Several new chemical analyses hav been made 
in the Chemical laboratory of the Ministry of mines. The other analyses 
and data used in prepar ing this article were derived f rom the listed 
references. 

The author 's personal view regarding the economic appraisal of the 
deposits is not necessarily the opinion of any other person. 

GENERAL DATA ON THE IRON AND MANGANESE 
OCCURRENCES IN ETHIOPIA 

Geological setting of the country 

About one quar te r of Ethiopia's surface consists of pre-Cambrian 
crystalline rocks of sedimentary and igneous origin. Different lithological 
types can be distinguished. A highly metamorphosed series, having 
resulted f rom high-grade regional metamorphism, is composed of gneisses, 
mica-shists and amphibolites. An apparent ly less metamorphosed para-
series is composed of di f ferent schistose rocks including quartzites and 
crystalline limestones. Both series are intruded by acid and basic igneous 
masses. The whole crystalline basement is strongly folded and faulted 
with the general N—S t rend of foliation. Stratigraphically, no exact 
different iat ion has been performed till today, and the correlation of the 
rocks wi th metamorphic facies of other par ts of Africa is not yet solved 
( F u r o n , 1960). 

In Afr ica the metal l iferous mineral occurrences are almost all 
associated wi th the metamorphic rocks of pre-Cambrian. The same can 
be expected for Ethiopia. The relatively most important p r imary iron 
ore deposits h i ther to known in the country are bound to the meta-
morphic complex. 

The pre-Cambrian basement was erroded to a peneplain and overlain 
unconformably by the sediments of Mesozoic and volcanic rocks of 
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Fig. 1. Generalized geological map of Ethiopia (af ter P. Mohr), showing principal iron and manganese deposits 
SI. 1. Splošna geološka ka r ta Etiopije (po P. Mohru) z glavnimi nahajališči železa in mangana 
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Tert iary. Mesozoic sediments spread in general in the eastern pa r t of the 
country and cover a good another quar te r of the country's surface. They 
a re composed of mar ine sandstones, l imestones and evaporitic sediments 
prevailingly. 

Cainozoic is represented by sedimentary rocks of Ter t iary which are 
confined to the ex t reme east of the country and are of mar ine origin 
prevailingly. The most extensive Ter t ia ry format ion is represented by 
extrusive volcanic rocks of Trap series which extend over the Mesozoic 
and pre-Cambr ian formations. Nearly half of the country 's surface is 
covered by thick layers of volcanic rocks of Trap series consisting of 
basalts prevailingly wi th some more acid rocks and pyroclastics. These 
rocks build up the high plateau in the central pa r t of the country. In 
Ter t iary age the upwarp ing and sinking movements started and shaped 
the present fo rms of mounta ins and r if ts . 

The volcanism continued dur ing Quaternary in which period also 
marine, lacustr ine and f luviat i le depositions were sedimented in local 
areas and basins. Recent volcanic activity is known in this par t of Afr ica 
and the youngest volcanic rocks are named Aden series. 

During the emersion periods the process of weather ing alteration, 
known as lateritization, took place over the pre-Cambrian complex as 
well as Mesozoic sedimentary and Cainozodc volcanic formations. The 
al terat ion processes played an impor tant par t in the format ion of se-
condary iron and manganese accumulations. 

Distribution and kinds of deposits 

The existing deposits are p r imary and secondary in origin. As to 
the geological mode of the occurrences the relatively most promissing 
and high-grade ores are confined to the pre-Cambrian metamorphic rocks. 
The pr imary deposits are known to exist in Eri t rea and Wollega pro-
vinces. The pre-Cambrian basement complex must be considered as the 
potentially most favourable environment to contain pr imary high-grade 
ore, but also secondary low-grade ore. 

The next favourable environment is represented by the volcanic 
rocks of T rap series. The existing low-grade iron ores are an alteration 
product and resulted from weather ing and leaching under the influence 
of the descending meteoric waters . In the same way the secondary iron 
concentrations formed in the clastic Mesozoic sediments cemented by 
ferruginous cement. 

Hydrothermal iron mineralizations in pre-Cmabr ian rocks do exist 
too, being of ascendent k a ta thermal and telethermal or r a the r hot-spring 
character. 

The depositions of manganese have much less extent in comparison 
wi th iron. Only one p r imary deposit is known to exist in mar ine sedi-
ments of young geologic age. Other manganese occurrences are connected 
with the secondary iron depositions. Iron and manganese behave in a 



s imi lar m a n n e r in t h e exogenic cycle and concentrat ions of both meta l s 
in res idual deposi ts a r e f r equen t . 

The dis t r ibut ion of deposi ts and occurrences t rea ted is given in the 
general ized geological m a p of Ethiopia (Fig. 1.). 

The deposits of i ron and manganese belong to the var ied types of 
genesis. The i ron ores a re magnet i t ic , hemat i t i c a n d l imonit ic and the 
m a n g a n e s e ores a r e oxidic too, be ing m o r e or less fe r rug inous . The 
fol lowing genet ical types of deposi ts have been f o u n d in Ethiopia. 

I ron 

1. Me tamorph ic type is of p r i m a r y sed imen ta ry origin and sub-
sequent ly mineralogical ly and tex tura l ly a l tered by regional me ta -
morphism. 

2. Combined metamorphic -con tac t metasomat ic type was fo rmed by 
a combinat ion of sedimenta t ion, m e t a m o r p h i s m and metasomat i sm. 

3. Residual concent ra t ion type, hav ing resul ted f r o m decomposit ion 
a n d leaching of ex t rus ive or o ther f e r rug inous siliceous rocks. 

4. H y d r o t h e r m a l type is of k a t a t h e r m a l and te le thermal (hot-spring) 
character . 

5. Magmat ic type is in fe r red only and not cleared enough. 

Manganese 

1. Res idual concent ra t ion type1 is closestly connected wi th secondary 
i ron accumula t ions . 

2. H y d r o t h e r m a l type is closestly connected wi th te le thermal iron. 
3. Sed imen ta ry type is of mar ine origin. 

DESCRIPTION OF DEPOSITS AND OCCURRENCES 

IRON 

1. Metamorph ic type 

K o r e e — G o l l i s s o — N e j o z o n e 

G e n e r a l . Regard ing t h e possible reserves of h igh-grade iron ore 
this zone in Wollega province seems to be one of t he re la t ively most 
promiss ing a reas in t h e country . I ts center is in the Aira area no r th of 
Yubdo. A small p r imi t ive smel t ing activity is repor ted to h a v e existed 
t he re f r o m the f o r m e r t ime and exists still nowadays . No publ ished da ta 
a re avai lable on these occurrences except M u r d o c k (1960), w h o 
dropped some lines on these deposits, hav ing considered them as smal l 
and i r regular replacements in dun i t e and not pers is tent at depth . His 
opinion w a s tha t none of t he occurrences in Wollega a re of any im-
por tance except fo r str ict ly local use fo r p r imi t ive smelt ing, such as was 
fo rmer ly ca r r i ed o u t there . 



Fig. 2. Geological sketch map of the iron ore-bearing zone Koree-Gollisao-Nejo 
in Wollega 

SI. 2. Geološka skica nahajal išč železove rude v coni Koree-Gollisso-Nejo 
v Wollegi 



Fig. 3. View of Koree outcrop on the top of hill 
SI. 3. Pogled na izdanek Koree v rh griča 

The zone was not searched in the past due to the lack of suitable 
communications and thus little prospects of economic exploitation. In 
the season 1963 extensive prospection was carried out by the Ministry of 
mines. Recently (spring 1964) detailed geological and geophysical 
(magnetometer survey) exploration started with the aim to assess more 
exactly the deposits, and to provide the basis for an eventual further 
drilling program. It, was carried out by the Yugoslav RUDIS company. 

Geologically the region is built up by pre-Cambrian rocks of ap-
parently younger less metamorphosed series and overlain by basaltic 
cover. Petrographically para-rocks as mica-schist, chlorite-schist, amphi-
bole-schist, phyllites and quartzites prevail, having a constant foliation 
of abcut 15" and dipping steeply west. Igneous rocks of ultrabasic, basic 
and acid types are included as well as some gneisses. The general situation 
of the zone is given in the enclosed map (Fig. 2.). 

Ore outcrops are known to extend in a zone of several tens of kilo-
meters in lenght. Lenslike ore bodies occur included in the crystalline 
rocks. Besides outcrops in situ also secondary ore can be found as large 
boulders. The possibility exists that the zone continues southwards as 
well as northwards from the prospected and reconnoitred area. No doubt 
a mineralized zone following the general N N E — S S W trend of foliation 
in the basement complex is in question. 

The magnetitic-martitic ore is coarse crystalline, bluish-black in 
colour but the strike is reddish due to the high grade of martitization. 
On the surface rare incrustations with limonite occur sometimes. 



Description. The most southern outcrop of ore at Koree some 
16 km south of Yubdo is the biggest in dimensions from all existing in 
the discussed zone. It consists of a lens of about 200 m of visible lenght, 
having a thickness of several meters. The outcrop forms a well pronounced 
topographic ridge, striking 35° and dipping nearly vertically (Fig. 3.). 
The prolongation of the ore body for some additional 100 m is assumed, 
the outcrop being hidden under the thick cover of residual soil. The ore 
consists of magnetite and martite and appears in big angular blocks 
with quartzite banding, being more or less impure and limonitized. 

About 500 m southeast from the outcrop large boulders of magnetite 
are scattered on a pretty great surface, several of them of considerable 
size. The boulders are not in situ. They form secondary deposit derived 
either from the existing Koree outcrop or another one burried under the 
soil in the vicinity. Anyhow, the boulders could not have been transported 
from afar. 

The existing reserves at Koree can be estimated to some 150 000 to 
200 000 tons of ore, provided the depth of the lens is about one half of 
the lenght and a lenslike body is supposed. Additionally, several thousands 
tons of ore are deposited as boulders on secondary place. 

The next known outcrop of ore exists about 1,5 to 2 km northwest of 
Yubdo. On a hill slope just beneath the volcanic cover scattered boulders 
and pieces of ore can be found on a surface 300 m by 60 m approximately. 
Some of them are very large in size, weighing several tons each (Fig. 4.). 
It looks very probable that at least a part of ore is not in situ there, 

Fig. 4. Boulders of magne t i t e a t Yubdo outcrop 
SI. 4. Magnet i tn i bloki na izdanku Yubdo 



but due to the very large size of the blocks they could "hot have been 
t ranspor ted f r o m afar . The pr imary deposit has to be somewhere very 
near, burr ied under the residual soil or even basaltic capping. The coarse-
grained ore seems to be clean wi th some inclusions of quartz . 

About 650 m nor thwards f r o m this place i ron ore in situ crops out 
in a t rench made by natives, which exploited the ore. The ore body here 
might be about 30 m in lenght and several meters thick, judging on the 
dimensions of the trench. Its s tr ike might be about 45° and dip near ly 
vertical. The ore consists of impure limonitized magnet i te intermingled 
wi th banded quartzi te. I t is possible that the lens continues southwards 
under the volcanic cover, which begins just a t t he end of the t rench. 

The fo rm as well as the character of the deposit could not be de-
finitely established by surface examinat ion only. The existing reserves 
at Yubdo locality might not exceed the general es t imate of several 
hundreds of thousand tons at max imum, taking into consideration the 
assumption the ore is in situ prevailingly. If this is not the fact the 
reserves are much smaller. 

Several ki lometers east f r o m Aira Mission and some 16 k m nor th of 
Yubdo t he Gordana Katcho hill is bui l t u p of quartzi te , chlorite-schist 
and mica-schist. On the hill the traces of fo rmer exploitation can be seen 
in fo rm of a trench, s tr iking conformably wi th the foliation of the 
metamorphic complex. The t rench is about 100 m long and variable in 
width wi th several meters on average. Although it is filled u p wi th ear th 
and grown over by vegetation, the blocks and pieces of magnet i te can 
be seen. Bands of magnet i te are included in whi te quartzi te indicating 
the genetic connection of both rocks and minerals. The traces of an 
exploitation in limited extent can be found also on the western slope of 
the hill perpendicular to the t rend of the mineralized zone. 

The exposition of the outcrop is bad and an estimation of probable 
reserves difficult . It could be assumed tha t several tens of thousand 
tons of ore might exist there, depending on the not clear dimensions of 
the ore body. 

The next outcrop at the locality Chago some 5 k m south of Gollisso 
has a lenght of about 300 m and a width of several meters. Former 
exploitation by nat ives is evident and remnants of smel t ing-furnace can 
be seen too. The area is strongly covered by residual soil and on some 
places magnet i te ore is to be seen in large block, being very compact and 
of the same appearance as on the other spots described as above. The 
trench follows the foliation of the metamorphic rocks, being in general 
15° to 20°. 

The prel iminary tonnage est imate of reserves might be analogous to 
that of Koree, amount ing f r o m 100 000 to 200 000 tons of ore. 

In the area east of Nejo magnet i te boulders can be found at several 
localities (Gambo, Kata valley, Tullu Adere), bu t there is also ore in situ 
in form of smaller lenslike outcrops. The ore is of the same appearance 
and composition as in the other localities described above. The geological 
envi ronment is more o r less the same and the quartzi t ic and schistose 



rocks of t h e b a s e m e n t prevai l . A prospect ion is in course to es tabl ish the 
posit ion and t h e d imensions of t he exis t ing outcrops. F o r t h e t ime be ing 
a v e r y rough tonnage es t imate of severa l tens of t housand tons of i n fe r r ed 
ore can b e assumed f o r th is area. 

A n a l y s e s . Severa l samples of magne t i t i c -mar t i t i c ore f r o m 
Wollega h a v e been analysed in 1962 (analyst A. R e g a n ) . Tab le 1. gives 
t h e composit ion of t he chip samples of selected clean ore f r o m d i f f e r en t 
localities. 

Table 1 1. tabela 

Locality Fe TiOa SiOa P2O5 S MnO 

Koree 71,6 0,0 0,82 0,06 0,09 0,09 
Yubdo 70,9 tr. 1,2 0,08 tr. 0,12 
Gordana Katcha 70,8 tr. 3,1 0,03 0,05 0,23 
Chago 68,8 tr. 1,8 0,14 tr. 0,12 
Nejo (Kata) 65,2 tr. 8,7 

Severa l addi t iona l chip samples have been analysed in the labora tory , 
giving t h e s ame size-order in t h e q u a n t i t y of t he components . 

In Wollega a r ich magne t i t i c -hemat i t i c ore is in quest ion, ve ry low 
in su lphu r and in phosphorus . The percentage of silica is low in samples 
of clean ore, b u t on average it can be expected h igher owing to the 
var iab le inclusions of q u a r t z and quar tz i t ic m o t h e r rock to which t h e 
ore is bound. 

Pol ished sections of ore have been examined u n d e r the microscope in 
o rder to provide addi t ional i n fo rma t ion about t h e processes of i ts f o r m a -
tion. The microscope reveals a r a t h e r porous coarsegrained ore of largely 
mar t i t i zed magne t i t e (PI. 1, Fig. 1.). The magne t i t e is a lmost completely 
oxidized to h e m a t i t e in f o r m of lamellae, fol lowing t h e (111) p lanes of 
magnet i te . The a l te ra t ion is more p ronounced a t marg ins of magne t i t e 
crysta ls and m a r t i t e ex t ends i r regular ly along cracks in to magnet i te . 
Wi th progress ive mar t i t i za t ion the lamel lae b roaden and very of ten only 
res idual a reas of magne t i t e remain . 

L imeni te replaces mar t i t i zed magne t i t e here and there , f o rming r ims 
and i r r egu la r bodies .Quar tz g ra ins can be f o u n d in the ore, concentra ted 
in b a n d s sometimes. An i m p o r t a n t f e a t u r e is t he except ional appea rance 
of smal l roundish inclusions of pyr i t e a n d chalcopyri te in the middle of 
una l t e red magne t i t e gra ins . 

O r i g i n . T h e in t ima te connection of ore to the p a r a m e t a m o r p h i c 
rocks consisting of w h i t e quar tz i t e and o ther schistose rocks is ev ident 
at all f ind-spots w h e r e magne t i t i c ore occurs. The ore zone and the ore 
bodies r u n paral le l wi th t h e fol ia t ion of t he m e t a m o r p h i c complex. The 
outcroping por t ion of t he ore lenses is ex t remely a l tered to m a r t i t e d u e 
to t h e supergene oxidat ion of magnet i te . 

T h e r e is no doub t t h a t t h e ore is s ingenet ic w i t h the ad j acen t rocks 
of originally s ed imen ta ry series. This has been s t rongly folded and m e t a -
morphosed by regional and dynamic m e t a m o r p h i s m , accompanied by 



grani t ic a n d other in t rusions . Me tamorph i sm entai led mineralogical and 
t e x t u r a l changes of t he p r i m a r y sediments the "bedding" of which is still 
discernible in me tamorphosed rocks. The paragenes is of t he present ore 
is s imple and the magne t i t e as well as t he qua r t z was t e is recrystall ized. 
The sulphides migh t be p r i m a r y in origin, and t h e presence of r a r e small 
g ra ins of pyr i t e and chalcopyri te in t h e ore could be d u e to the condit ions 
of p r i m a r y sed imenta t ion r a the r t h a n hav ing been in t roduced la te r by 
t h e r m a l solutions. T h e r e is no other evidence of any hyd ro the rma l 
activity. Accordingly, t he iron ore occurrences in th is pa r t of Wollega 
belong to the m e t a m o r p h i c type of deposits, be ing derived f r o m a fo rmer 
sed imen ta ry accumula t ion and subsequen t concentra t ion of i ron. 

The quest ion about the p r i m a r y sed imenta ry env i ronmen t and the 
f o r m in which iron w a s present originally is d i f f icul t to explain. The 
idea t ha t t he or iginal beds of i ron fo rma t ion could belong t o epicon-
t inenta l sediments seems the most probable . I ron m a y have precipi ta ted 
and concent ra ted e i ther as sed imen ta ry oxides or even i ron silicates. 
T h e a t t r ibu t ion of i ron to a magma t i c source as fo r ins tance exhala t ive 
act ivi ty on t h e sea f loor is less probable . Since the fo rmat ion the i ron-
bear ing sediments w e r e subjec ted to extensive m e t a m o r p h i s m and re-
crystall isation, hav ing conver ted t h e p r i m a r y iron concent ra t ion into 
magnet i te . The uncer ta in i ty as to the detai ls of origin of th i s ancient 
deposit is a direct consequence of i ts long and complex geological his tory 
and th is shal l b e kep t in mind w h e n considering t h e genesis of pre-
C a m b r i a n deposits. 

R e s e r v e s . No accura te tonnage es t imate of t he whole zone is 
possible before the fu l l p rog ram of detai led survey, including drilling, 
will be carr ied out. Fo r the t ime being the presence of ore is k n o w n on 
the above described localities only. The es t imated reserves a re given as 
a p p r o x i m a t e f igures in the Table 2. 

Table 2 2. tabela 

Estimated reserves (tons) 
Lccalitv Measured Inferred 

(min.) (max.) 

Koree 50 000 100 000 150 000 
Yubdo 20 000 50 000 300 000 
Cordana Katcho 10 000 40 000 100 000 
Chago 80 000 100 000 200 000 
Nejo (east) — — 50 000 

T o t a l 160 000 290 000 800 000 

The q u a n t i t y of exis t ing reserves fo r single locali ty can not be 
expected m o r e t h a n severa l h u n d r e d s of thousand tons at m a x i m u m . The 
whole zone m u s t be ranged accordingly to small-size iron deposit wi th 
a to ta l t onnage of abou t half a million or so tons of h igh-grade i ron ore. 
T h e lenght of t he zone is about 70 k m and t h e to ta l lenght of t h e visible 
outcrops 750 m only. 



Billa 
Approximately 2 to 3 km east of the village Billa in Bogi district 

in Wollega a pronounced barren mountainous ridge extends (Fig. 5). It is 
composed of compact light grey quartzite, having a strike of about 10° 
and dipping apparently very steep west. On the western slope of the 
ridge several more or less limonitized quartzitic and schistose rocks can 
be found in a 100 to 200 m wide zone, containing even pure limonitic 

Fig. 5. V iew of Bi l la r i dge w i t h sca t t e r ed pebb le s of l imon i t e 

SI. 5. Pog l ed na g r eben Bi l la z r a z m e t a n i m i kosi l i m o n i t a 

pieces and debris. A banding in the metamorphic strata can be seen and 
the schistose rocks alternate with layers richer in iron oxide. The lenght 
of this zone is about 1,5 km. The average iron content is relatively low. 
It is possible that in the series of alternating strata some of them contain 
a higher content of iron. 

Genetically the iron concentrations at this locality are in general 
bound to the zone of metamorphic rocks as described above. The 
ferruginous quartzite and schist are of sedimentary origin and sub-
sequently recrystallized by regional metamorphism. The quartzite might 
be metamorphosed originally arenaceous sediment. The local concentration 
of limonite found in this place is secondary in origin and has formed by 
leaching and precipitation of iron out of the primary mother rocks. Chip 
samples of ore have been analysed, containing even 56 °/o of iron and 
3 to 5 % of silica, but these figures can not be regarded as average. 
The iron content varies from place to place, being in average very low. 
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For the t ime being it is believed tha t the iron ore occurrence at 
Billa is of no economical value due to the low iron percentage. 

The existence of sedimentary-metamorphic iron occurrences in Wol-
lega is, however, an interest ing phenomenon due to t he fact t ha t many 
of the significant world 's iron deposits belong to this type, which usually 
contains high-grade iron ore. In South Africa and especially in recent 
t ime in West Afr ica enormous deposits of this type have been discovered 
( F i n n , 1964). 

In the nor thern prolongation of Billa ridge some 12 km away of it 
an analogous iron concentration was found a t Tullu Bollale, having the 
same appearance as tha t of Billa ridge. Hemati t ic schist was observed 
also along the main road to Nejo several kilometers before the town. The 
iron contents is low. The rocks are reddish-brown and well schistose. 
Ferruginous schist does exist also in the vicinity of Gollisso. 

The conclusion can be made tha t in this par t of Wollega several 
fe r ruginous schistose horizons appear the iron contents of which is 
disseminated very irregularly, and here and there concentrated to rich 
bu t r a the r small lenslike ore bodies. 

2. Metamorphic — contact metasomatic type 

F a l c a t — A g a m e t t a z o n e 

G e n e r a l . Regarding the geological informat ion available for the 
t ime being the most interest ing and potentially impor tant might be the 
iron ore occurrences in Eri t rea . Lenslike ore bodies of high-grade 
magneti t ic ore were known for many years to extend at several localities, 
especially in the area Sabub-Agamet ta about 40 k m east of Asmara, 
and in t he ex t reme nor thern par t of Eri t rea in the Falcat area. Several 
new ore occurrences have been found in the Gumhod area dur ing the 
prospecting campaign carried out in 1963 by the Ministry of mines. 
I t looks very probable t ha t addit ional ore bodies could be found by 
systematic work in the mounta inous and par t ly extremely hard accessible 
par t s of this province. 

The data on investigations carried out formerly on these iron ore-
bearing areas (Fig. 6.) a re summarized by U s o n i (1952). In 1919/20 
several pits and trenches were dug in Agamet ta area. Extensive ex-
ploration was carried out immediately before War II, applying magneto-
meter survey too. The reserves were est imated to 2,5 million tons. 

In 1956 the German K R U P P company assesed the reserves to be 
probably beyond the 2,5 million tons. In 1963 the Ministry of mines 
engaged the Yugoslav RUDIS company to explore definitely the 100 sq. k m 
large a rea between Sabub and Agamet ta in the most southern par t of 
the ore-bearing zone. At the same t ime the reconnaissance, prospecting 
and pre l iminary studies in t he ad jacent a reas covering total ly over 
1800 sq. k m were carried out by the Ministry of mines. The a im of this 



Fig. 6. Sketch map of iron ore-bearing areas in north eastern Eritrea 
SI. 6. Karta območij železovih nahajal išč v severovzhodni Eritreji 
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A, C a v a g n a r i , 1919) 

SI. 7. Približna geološka skica območja Falcat. (Po A. C a v a g n a r i j u , 1919) 

ac t iv i ty w a s to p rov ide the p re l imina ry basis for t he even tua l f u r t h e r 
invest igat ions. 

The n o r t h e r n ore deposi ts in t h e Fa lca t region could no t be visited 
by the au tho r in 1963. The deposits we re s tudied in the pas t main ly by 
B i b o l l i n i ( U s o n i , 1952). The genera l geological s i tua t ion is evident 
f r o m an unre l iable ske tch by C a v a g n a r i (Fig. 7.). In 1940/41 t h e 
I ta l ian RIMIFER company explored t h e deposits geologically and geo-
physical ly w i thou t hav ing discovered n e w ore bodies. No def in i te view 
can b e deduced f r o m U s o n i ' s d a t a r ega rd ing t h e economic impor tance 
of these deposits, and the reserves we re es t imated to 200 000 to 300.000 
tons only. 

In judg ing the po ten t ia l possibili ty of t he whole ore-bear ing zone 
t h e deposi ts i n t h e Fa lca t a r e a m u s t b e explored a n d s tud ied def in i te ly 
in the shor tes t possible t ime. 



According to the Italian geologists the iron ores of Agametta as well 
as of the northern deposits in the Falcat area are pyrometasomatic in 
origin and related to silicic intrusions. KRUPP found obvious indications 
of the sedimentary character of the ore in Agametta area. RUDIS (1963) 
interpreted the origin of the ore in connection with the exhalative vol-
canic processes in the shallow sea. Subsequently hematite was transformed 
into magnetite by regional metamorphic and contact metamorphic 
processes. 

Description. Geologically the Gumhod-Agametta area in the 
eastern part of the central Eritrea consists of pre-Cambrian rocks of 
presumably low-grade metamorphism similar to those in Wollega. The 
most important rock-types are parametamorphic schistose rocks varying 
from almost unaltered arenaceous sedimentary rocks to high-grade 
metamorphosed gneiss fades. The inclusions of calcareous lenses occur 
often in the basement complex, the foliation of which is in general 
N N W — S S E in this part of Eritrea. Granitic, pegmatitic and differentiated 
intrusive rocks are included. On the plateau south of Asmara basalt 
capping covers the basement rocks, and in the coastal part of Eritrea 
young Tertiary sediments and basaltic lavas spread locally over them. 
The existing magnetitic ore is prevailingly massive and occurs in 

big angular blocks (Fig. 8.). Texturally it is coarse-grained but also fine-
grained or in the form of banded ferruginous quartzite and schist. The 
latest shows here and there also a well defined banding with quartz-rich 
layers alternating with iron oxide-rich layers. Also the alternation of 
magnetite layers with schistose chlorite-schist and other schists is not 

Fig. 8. Outc rop of magne t i t e ore a t Agamet t a 
SI. 8. I zdanek m a g n e t i t n e r u d e v Agamet t i 



Fig. 9. Outcrop of sehistose magne t i t e ore a t Dongollo basso 
SI. 9. Izdanek skr i lave magne t i tne rude v Dongollo bassu 

seldom to be seen. This banding is without doubt an original sedimentary 
layering, accentuated perhaps by metamorphic recrystallization. Also the 
fine-grained magnetite ore shows a very fine banding parallel to the 
folliation of the sedimentary complex (Fig. 9.). The coarse-grained ore is 
more clean and the banding seems to be less pronounced. In the northern 
part of the zone near Gumhod the ore layers consist of alternating 
bands of magnetite and schistose rocks. The schistose textured ore is 
intermingled with green chlorite-schist and quartz layers. 

The southern part of the ore-bearing zone between Sabub and 
Agametta is built up by different low-grade metamorphic rocks, which 
contain several lenslike iron ore bodies, following the general foliation 
in the metamorphic series. In general some ten groups of ore lenses 
exist there, occurring in different levels in the ore-bearing horizon. 
According to RUDIS (1963) the ore bodies have the predominant lenghts 
between 5 and 25 m and the thicknesses exceed exceptionally more than 
1 m. Schistose metamorphic rocks contact larger bosses of granodiorite 
and granite porphyry. A narrow zone of older basic extrusive rocks occurs 
in the basement complex and RUDIS believes these rocks might be 
genetically related to the granodiorite as well as to the iron ore. An 
important feature is the presence of skarns, which are not always con-
nected to the calcareous lenses occurring within the metamorphic series. 
Besides the locally abundant quartz, garnet, epidote and other silicates 
also grains of sulphides and patches of copper carbonates occur in this 
type of ore mineralization. Malachite was found also in small quartz 
veinlets crossing the metamorphic rocks. 



Near Dongollo basso a completely isolated lens of banded magne t i t e 
ore w a s f o u n d on t h e G a h a r hill, hav ing a l engh t of 15 m and a m a x i m a l 
w i d t h of 1,5 m. Severa l k i lometers to the n o r t h ano the r smal l ou tc rop 
of o re exis ts nea r Ailet . Both a re included in t h e fo l ia ted schistose rocks. 

In t h e G u m h o d a rea severa l n e w magne t i t e occurrences h a v e been 
f o u n d d u r i n g prospect ion. They h a v e the s ame morphological f e a t u r e s 
as those in S a b u b - A g a m e t t a area , being character ised by scarse smal l -
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Fig. 10. Field-sketch of lenslike iron ore occurrence near Gumhod 
SI. 10. Terenska skica lecastih teles železove rude pri Gumhodu 



Fig. 11. Outcropping smal l lensl ike ore bodies nea r G u m h c d 
SI. 11. Izdanek m a j h n i h lečast ih rudn ih teles pri G u m h o d u 

sized lenslike ore bodies lying in the strike of the metamorphic complex 
There is no doubt the occurrences belong to the same ore-bearing zone 
Three groups of ore lenses have been found there and the group 
Gumhod I is shown in the sketch (Fig. 10.) as well as in the photo 
(Fig. 11.). 

The area between Sabub and Gumhod is represented by a plain 
covered by sands and torrential piedmont gravels. The thickness of this 
cover can be estimated to several meters on average. The continuation 
of the ore-bearing zone along this 20 km long area between the northern 
and southern outcrops is very probable, however, composed of the 
eventual small groups of ore lenses. The possible existence of ore under 
this alluvial cover might be partly proved by a 600 m long magnetic 
anomaly discovered by RUDIS's magnetometer survey near Fort Am-
batocan (RUDIS, 1964). 

This ore-bearing zone continues in all probability further to the N N W 
following the general trend of the basement complex. Magnetite sands 
are known along the sea-shore at Mersa Gulbub in the Northern desert 
Future efforts shall be directed towards possible new discoveries of ore 
in this area. Owing to the fact that this region is far and very hard to 
access only a well organized and equiped terrestrial prospection could 
bring results. 

In the northern part of Eritrea, about 180 km north of Asmara 
similar magnetite deposits occur at Walet Shek and Mont Tullului in the 
region of Falcat river. The iron ore occurrences of Falcat-Mont Tullului 
area and others are described by Usoni (1952), following mainly Bi-



bolini 's da ta . Consider ing also addi t iona l d a t a on these a reas t h e con-
clusion can b e made , t h a t t h e geological s i tuat ion in genera l does not 
d i f f e r f r o m t h a t in t h e G u m h o d - A g a m e t t a area , except p e r h a p s m o r e 
accen tua ted s k a r n charac te r of t h e deposits . Magne t i t e lenses occur 
e v e r y w h e r e in t h e closest contact w i t h marb le , hav ing bo th t h e f o r m s of 
e longate lensl ike bodies. T h e s t r ike of t he basemen t complex m i g h t b e 
t h e r e NE—SW and t h e zone of in te res t severa l t ens of k i lometers in 
lenght . The deposi ts a r e descr ibed to b e typica l con tac t -metasomat ic in 
type w i t h la rge f o r m a t i o n of epidote, g a r n e t and pe rhaps i lvaite, t h e 
minera l s replac ing calcite. The minera l iza t ion is t hough t to be due to 
h y d r o t h e r m a l solut ions der ived f r o m porphyr ic ex t rus ions as wel l as 
g ranod ior i t e or o the r igneous masses in dep th in t h e vicinity. The lenght 
of lensl ike i ron ore bodies m a y v a r y b e t w e e n 100 m a n d 300 m, hav ing 
t h e th icknesses of about 10 m as m a x i m u m . The presence of i ron and 
copper su lphides is indica ted ( U s o n i , 1952). F r o m C a v a g n a r i ' s 
ske tch (Fig. 7.) t h e copper minera l iza t ions look t o b e wel l del imited. 
Specu la r h e m a t i t e m a y occur in t h e Fa lca t ore too. 

A n a l y s e s . K R U P P analysed in 1956 seven g r a b samples of i ron 
ore f r o m A g a m e t t a area. The resul ts would give an average composit ion 
of ore as fol lows (in percen t ) : 

F e . . . . 58 
SiOz . . . 14 
P . . . . 0,047 
O . . . . 0,018 

Addi t ional ly , t h r e e chip samples of good ore f r o m S a b u b - A g a m e t t a 
a r e a h a v e been ana lysed in the Chemical l abora to ry of t h e Minis t ry of 
mines . T h e resul ts a r e g iven in the Tab le 3 (in percen t ) : 

Table 3 3. tabela 

No. Fe Si02 Ca Mg A12O3 P Ti MnO Cu s o 4 

250 47,04 22,82 0,00 0,00 0,53 0,02 0,00 0,54 tr. tr. 
251 47,50 30,70 0,00 0,00 0,23 0,044 0,00 0,40 tr. tr. 
253 68,13 2,30 0,00 0,00 0,20 0,017 0,00 0,35 tr. tr. 

T h e percen tages of i ron and silica a re var iab le and depend on 
picked samples . I t could b e es t imated t h a t an average contents of iron 
would v a r y be tween 50 and 65 °/o and t h a t of silica be tween 10 and 20 °/o 
respect ively in t h e represen ta t ive samples, which, however , h a v e no t 
ye t been sys temat ica l ly t a k e n a n d examined . Smal l contents of phos-
phorus , su lphu r and o the r a d m i x t u r e s m a k e t h e composi t ion of ore 
excellent . 

M a n y samples of ore as wel l as o ther rocks w e r e examined u n d e r 
t h e microscope as pol ished a n d t h i n sections. As to the ore t h e r e a re 
t w o types to b e d is t inguished: b a n d e d m a g n e t i t e - m a r t i t e ore and magne t i t e 



with skarns. It can be said, in general, tha t the banded ore consists of 
granoblastic recrystallized agregate of magnet i te and quar tz prevailingly. 
Magneti te in fo rm of al lotr iomorphic f ine grains is concentrated in bands 
but also dispersed in quar tz ma t r ix (PI. 1, Fig. 2.). Magnet i te is a lways 
marti t ized, and mar t i t e spreads along the grain boundaries and fissures 
or follows the planes (111) of magnet i te in fo rm of lamellae. Some ra re 
inclusions of chlorite, mica, amphibole, epidote and calcite are present. 
The blastic grain s t ruc ture of the rocks, which va ry f r o m magnet i te-
bearing quartzi te on one side to dense granular magnet i te on the other, 
is due to the metamorphic recrystallization. 

Big crystalls of epidote occur in the banded rocks sometimes and 
later quar tz fills the cracks and fissures, proving additional hydrothermal 
processes in the ore. Besides very advanced mart i t izat ion of magneti t ic 
grains distinct lamellar hemat i te occur too and can be seen even by 
unaided eye. The impression is got the lamellar hemat i te might be due to 
a special crystallization phenomenon undipendent f r o m tha t of mart i t iza-
tion of magneti te . Lamellar hemat i te is distinguished by very porous 
texture . 

The presence of sulphides in banded ore is another impor tant feature. 
Rare isometric crystals of pyri te are spread allong banding in quar tz 
matr ix . They a re much bigger than the average size of magnet i te crystals. 
The great par t of these grains appear already completely altered to zoned 
limonite which spreads also along f ine fissures in the ore. Homeoblastic 
f ine-grained quar tz ma t r ix gets disturbed along the margins of these 
crystals and longish quar tz grains are oriented perpendicularly to the 
margins of sulphide grains. Pyr i te crystals, having more than 1 m m in 
size, occur in the bordering zones wi th marble too. Normally they are 
pseudomorphoses a f t e r pyri te which can be found within l imonite in 
form of small relicts only. It looks tha t the sulphides have been introduced 
wi th a later generation of quar tz due to the hydrothermal processes 
which produced skarns. 

On the other side small roundish and elongate grains of chalcopyrite 
occur in the magnet i te grains as well as in the mart i t ized par ts of it 
(PI. II, Fig. 1.). The small gold-yellow bodies are distributed very scarcely 
and irregularly. Their direction seems to be here and there parallel to 
that of the mar t i t e lamellae. The size of these grains which are well 
delimited f rom the surronding magnetite, is generally less than 0,01 mm, 
and the max imum not more than 0,03 mm. 

Malachite is concentrated as secondary filling in fissures and cracks 
together wi th the supergene iron oxides. 

There is no certainity regarding the textura l relation of copper and 
iron minerals. The in t imate relation of both minerals could point out tha t 
copper might be pr imary in origin and syngenetic with iron. This relation 
is not yet studied in details and sufficiently explained for the t ime being. 

The skarn type of ore consists of garnet , epidote, amphibol, prevail ing 
quar tz and magnet i te (PI. II, Fig. 2.). The microscope reveals the idio-
morphic garnet and epidote cemented by magnet i te and a later quartz. 



The idiomorphic garnet crystals show of ten skeletonlike fo rms wi th 
oriented bandsgrowth in quartz. This is a proof of more or less s imul-
taneous crystallization whereupon magnet i te crystallized apparent ly as 
the last of t he components. Magnet i te is always allotriomorphic. It can 
be found also in t he center of garnet crystals. 

O r i g i n . The informat ion gathered hi ther to points out to t he 
explanat ion of the origin of deposits in t he following way. The main par t 
g>f iron in the existing ore bodies is of p r imary sedimentary origin. It 
was deposited in the ancient mar ine basin where the metasediments of 
the present pre-Cambrian complex originated. A small amount of copper 
might have been deposited simoultaneously wi th iron. The original f o rm 
in which these two metals might have been precipitated is unknown. 
According to RUDIS (1963) some indications for an exhalat ive iron origin 
might exist. 

Regarding sedimentary copper minerals there are occurrences in t he 
world known whe re this meta l is associated wi th sedimentary rocks, 
having originated in the conditions of shal low-water sedimentation. In 
general there iz much u n c e r t a i n t y as to t he sedimentary envi ronment 
in which t he sediments were deposited. The copper mineralization of 
apparen t sedimentary origin seems to be present in Eri t rea also a t the 
new discovered occurrence Mont Sacar in the vicinity of Gumhod. 

The p r imary depositions containing iron were subsequently subjected 
to several periods of metamorphism and deformation. They were exten-
sively metamorphosed and recrystalized and iron concentrated to lenslike 
ore bodies of granoblastic texture . 

The next hydro thermal replacement mineralization followed, the 
result of which was the format ion of skarns. The mechanism of these 
events as well as the origin of solutions is not cleared. The components 
could be ei ther newly brought f r o m magmatic sources or may be simply 
a remobilization of elements f r o m sedimentary sources already present, 
wi thout introduct ion of new material . The solutions m a y have been 
derived f r o m the batholi t ic activity, connected to granodiorit ic intrusions, 
younger t han the metasediments. 

The process of mart i t izat ion is believed to be of supergene origin. As 
already pointed out a pa r t of hemat i te is possibly due to hydrothermal 
activity too. 

R e s e r v e s . The reserves for the most southern par t of the i ron-
bearing zone between Sabub and Agamet ta have been calculated by 
RUDIS (1963), and summarized to a global sum of 425 000 tons. Some 
nine groups of ore lenses in the zone of about 15 k m lenght may contain 
about 124 000 tons of visible and probable ore, and several hundreds 
of thousand tons of potential possible ore. The enlargement of reserves 
on account of inferred ore in the depth is not hopefu l due to small 
dimensions of the ore lenses and their scarce displacement in the terrain. 

As to the visible and probable reserves in the Gumhod area they 
are calculated to 8530 tons only. The inferred tonnages can be est imated 
to several tens of thousand tons ( H a m r l a , 1964). 



On the basis of the known geological situation in both areas, and 
on the assumption tha t the ore might be present in the plain area covered 
by alluvial sands the tonnage est imate is possible by statistical method. 
Hence, the reserves of the whole 40 k m long zone might amount to 
about 1 million tons, related to twelve known occurrences and additional 
nine supposed to exist under the alluvial cover. A depth to 60 m under 
the surface was considered and the actual relation between the proven 
and inferred reserves is about 1 : 7 ( H a m r l a , 1964). 

More promissing in reserves might be the Falcat region. The Italian 
sources report much greater dimensions of the ore bodies f rom those 
established in the Gumhod-Agamet ta area. On the other hand these da ta 
seem to be doubt fu l if compared wi th the I tal ian data for Agametta. 
Additionally the great distance f r o m potential industr ial centres as well 
as f r o m the shore (60 k m air-l ine to Red-sea port Mersa Teclai) makes the 
immediate economic proficiency of these deposits doubt fu l even if larger 
reserves exist. The deposits should be, however, reconnoitred and well 
assessed in light of experiences gained through detailed geological and 
geophysical examinat ion of Gumhod-Agamet ta area. Moreover the whole 
180 k m long zone between Gumhod and Falcat valley should be prospected 
and assessed. 

O t h e r d e p o s i t s 

Similar iron ore deposits are reported to exist in Sidamo province 
in the area of Yavello and I rb i as well as in the zone of Arero and 
Metacapersa (M u r d o c k , 1960). Magnetitic and hemati t ic ore is re -
ported to contain 60 to 68 °/o of iron. These localities would be wor th to 
be explored to such an extent tha t the eventual significance could be 
assessed. 

3. Residual concentration type 

The occurrences of residual ores are due to the decomposition of 
silicate rocks in the process of weathering. During the decomposition 
some leached components go into solution and are carried away, others 
remain and precipi tate in convenient environment. Under conditions 
characterised by al ternat ing dry and wet seasons, the decomposition is 
more complete and results in a lateritic soil composed of limonitic and 
bauxit ic components, meanwhi le silica is extensively removed. 

Under favourable climatic and other conditions iron and also m a n -
ganese may accumulate in this way to fo rm even economic deposits. The 
concentration of iron in lateritic residue fo rms residual — lateritic deposit. 
If the leached components precipitate in open spaces residual — infi l t ra-
tion type originates. 

Regarding the na tu re of mother-rock the iron has been leached f rom 
the extrusive volcanic rocks and ferruginous siliceous rocks can be 
distinguished. 



Extrusive rocks as source o i iron 

M a i G u d o 

G e n e r a l . 1'he Mai Gudo area is s i tua ted about 60 k m to SSE 
f r o m J i m m a in t h e u p p e r d ra inage p a t t e r n of t h e Odoni t ta r iver . T h e 
m o u n t a i n o u s a rea is d i f f icul t t o access. A 65 k m long old road in ve ry 
b a d condit ion present ly connects t h e locality w i t h t h e h ighway some 
30 k m be fo re J i m m a . 

The deposit consists of m a n y smal l i ron ore occurrences, t h e most 
i m p o r t a n t of wh ich a re shown in t h e enclosed m a p (Fig. 12.). T h e r e is 
no pers is tency a m o n g t h e isolated accumulat ions . 

Fig. 12. Sketch map of Mai Gudo iron (and manganese) ore occurrences 
SI. 12. Skica nahajališč železove (in manganove) rude Mai Gudo 



The ore has been exploited by nat ives and smelted in a primitive 
way for a long t ime ago for the manufac tu re of tools and weapons. During 
the Italian occupation considerable mining activity has been carried out 
and about 20 000 tons of ore were mined. In tha t t ime V i l l a m i n a r 
est imated the ore reserves, which are cited by U s o n i (1952) to amount 
to 1,2 million tons totally. 

In 1945 M u r d o c k visited the area and est imated the reserves to 
120 000 tons ( M u r d o c k , 1960). He pointed out the guess has been 
made wi thout any real basis. In 1956 an expert of the German KRUPP 
company reconnoitred the area and found it not wor th of any fu r t he r 
exploration. 

At the end of 1962 the Ministry of mines explored the area by pit t ing 
and trenching. The occurrences have been found practically without 
economic importance, being very small in size and insignificant in 
reserves of ore of medium and low quality (H a m r 1 a , 1963). 
Additionally, the position of the area is very unfavourable regarding 
t ranspor ta t ion facilities. 

D e s c r i p t i o n . The large region of Mai Gudo is buil t up of 
volcanic rocks of Trap series. Dolerite and olivine-basalt are reported to 
build the highest par ts of the mountains. The prevailing rocks are 
trachyte-rhyolite. The rocks are extremely weathered and characteristically 
violet-reddish coloured. Residual soil covers the surface and locally 
accumulates in considerable thickness. Yellowish-brownish bands and 
crack-fillings by compact ore could be stated everywhere in the soft 
weathered country rocks which contain often yellow ochreous and 
black manganiferous inclusions. The traces of fo rmer exploitation in 
limited extend can be locally found. 

Melka Sedi is the most important locality among all occurring in 
this region. Supergene iron ore occurs in the lowest par t of a pre t ty 
steep slope. Old ditches and trenches are evident in the outcropping area 
which may have a surface of about 120 m by 100 m. Residual soil covers 
the weathered rocks, being ferruginous and intensively yellowish-reddish-
brown coloured. Thin veins and bulby inclusions of compact ore are 
f requent . Small bodies of compact l imonite are included in yellow ear thy 
ochre containing bluish-black manganese hydroxides as well as layers 
of grayish-black ear thy wad. The s t ructure of ore is breccious and it 
passes here and there to the residue. It looks that the more compact ore 
is concentrated in the lowest par t of the mineralized zone near the 
bottom of the slope. The quant i ta t ive relation between the compact ore 
and the waste is in general unfavourable . 

At Dacano fer r i ferous concentrations occur in weathered rocks accom-
panied by manganese oxides. They are quanti tat ively unsignificant. 

The outcroping area at Dombova extends on a roughly est imated 
area 100 m by 80 m. The ore occurrence is similar to Melka Sedi in 
appearance but smaller and poorer in degree of mineralization. An old 
t rench reveals the prevailing yellowish weathered rocks and banded soil 



w i t h i r regu la r ly concent ra ted l imoni te in f o r m of small bu lbs and veinle ts 
o ther t h a n g r ea t e r blocks and lenses. 

A t I lche only scarce t races of minera l iza t ion exist in res idual soil 
as p roved by severa l pits. 

A t Sassachie w e a t h e r e d ye l lowish-brown rocks prevai l , conta ining 
smal l crack-f i l l ings of i ron a n d m a n g a n e s e oxides. 

N o r e m a r k a b l e o r e concent ra t ions exis t a lso a t t h e locali t ies K u r k u r e , 
Derabo, S u n a r o a n d Botto, w h e r e u n i m p o r t a n t local concent ra t ions of 
compact ore a re accumula ted in cracked w e a t h e r e d coun t ry rock. 

Veinl ike i ron ore occurrences w e r e signaled f r o m t h e locality Aebicha. 
I ron and m a n g a n e s e oxides a r e concent ra ted in tectonical ly c rushed 
zones, s t r ik ing 200° to 250° a n d d ipping vert ical ly. They h a v e 10 cm to 
40 cm in wid th . The breccious w e a t h e r e d rocks a re cemented w i t h i ron 
oxides as wel l as w i t h silica, indica t ing in th i s w a y the f o r m s of a p p a r e n t 
veins. 

A t t h e locali ty Sombo a several cen t imete rs th ick lensl ike seam of 
manganese ore w a s f o u n d unde r ly ing t h e clayey overburden . Th i s r e -
s idual m a n g a n e s e concent ra t ion is of theoret ica l i n t e r e s t only. 

In genera l t h e Mai G u d o ore can be descr ibed as most ly unclean and 
more or less breccious w i t h a d m i x t u r e s of w e a t h e r e d rocks. It consists 
of h y d r a t e d oxides of i ron in all var ie t ies f r o m b r o w n h y d r o h e m a t i t e on 
one side to h igh porous ochre of e a r t hy n a t u r e on t h e o ther side. The 
s ame passes f o r m a n g a n e s e ore wh ich exhib i t s s talact i t ic a n d spongy 
masses, b u t also e a r t h y w a d of h igh porosi ty can b e o f t e n observed. 

A n a l y s e s . Fo r Melka Sedi and Dombova ore twe lve chip and 
channe l samples h a v e been analysed by K R U P P (1956), indica t ing t h e 
ave rage i ron conten t about 40 °/o. T h e average m a n g a n e s e contents f o r 
Melka Sedi iz 8,6 °/o a n d f o r Dombova 3,8 %». Phosphorus and su lphu r 
r a n g e abou t 0,03 % and silica be tween 6 and 17 °/o. 

Severa l chip samples f r o m d i f f e r en t localities w e r e analysed also in 
the Chemical l abo ra to ry of t h e Minis t ry of mines. T h e samples did no t 
r ep re sen t t h e ave rage of t he exist ing ore b u t r a t h e r re la t ively r ich ore 
w a s t aken . The resu l t s a r e shown in Tab le 4 (in percent ) : 

Table 4 4. tabela 

Locality Fe Mn Si0 2 AI2O3 Remarque 

Ilche 37,9 0,3 36,0 4,7 Siliceous ore 
Kurkure 45,0 1,64 20,0 3,15 Rich compact ore 
Aebdcha I 45,6 tr. 21,9 1,0 Siliceous breccious ore 
Aebicha II 34,8 0,1 41,0 0,0 Unclean breccious ore 
Sunaro 58,8 0,3 3,5 0,0 Clean compact ore 
Sombo 7,7 44,5 5,4 2,7 Rich manganese ore 

The microscopic examina t ion of polished sections of ore specimens 
reveals t h e porous t e x t u r e of l imoni t ic ore composed of goethi te p r e -
vai l ingly. T h e a d m i x t u r e s of impur i t i e s a re o f t en (PI. I l l , Fig. 1.). Psi lo-



melane occurs int imately intergrown wi th iron oxide but also in fo rm 
of f ine banding. 

Microscopic examination of the country rock reveals no mafic pheno-
crysts in hollocrystalline porphyri t ic rock. Minute maf ic components are 
disseminated in the ma t r ix only. Decomposition begins in the mat r ix 
which get to be impregnated by yellowish pigment. The limonitic products 
fill u p also the cleavages in sanidine phenocrysts, which get to change 
to products of kaolinization. 

O r i g i n . Genetically the accumulation of iron and manganese can 
be explained through principles of supergene mineralogy of both 
elements. The mineralization is the result of chemical weather ing of the 
country rock. I ron and manganese have been leached out of maf ic 
minerals in the f ine-grained mat r ix and precipitated more of less in situ, 
having accumulated in residuals and di f ferent openings in the rock where 
iron and manganese-bear ing solutions have penetrated. Silica, alkalies 
and alkal ine ea r ths have been removed in solution and carr ied away. 
There is no doubt on the descending origin of the solutions. Also the 
morphology and the superficial character of the occurrences reveal a 
secondary enr ichment only. 

I ron and manganese might have originated par t ly perhaps also f rom 
more basic rocks the presence of which is indicated in the area. However, 
the percentage of i ron and manganese in acid rocks is low. Economically 
impor tant iron ores of this genetical type are normal ly bound to more 
basic rocks. 

R e s e r v e s . Regarding the reserves Melka Sedi and Dombova 
deserve limited at tent ion only. At both localities the quant i ty of useful 
compact ore does not exceed 20 °/o of the volume of the layers of altered 
ochreous decomposed rocks prevailingly. Hence the measured reserves of 
compact o re have been calculated to 65 000 tons for Melka Sedi and 
12 000 tons for Dombova, having an average of about 40 % of iron and 
several percents of manganese. The additional inferred tonnages could 
be est imated to 25 000 tons only. From the point of view of smelting 
indust ry the reserves as indicated above have a very limited significance. 
An addit ional unfavourable factor regarding the mining is high compact 
ore — to — waste ratio, ranging about 1: 5. 

For all other localities the conclusion is due, tha t no reserves of 
economic importance were detected and can also not be expected. Taking 
into consideration also t h e t ranspor ta t ion diff icult ies the reserves of 
Mai Gudo have very small economic importance for the t ime being. 

E n t o t o 

Entoto hill several kilometers nor th of Addis Ababa is known for 
a long t ime to yield iron ore. Old trenches and overgrown pits give 
evidence of former mining activity. Small isolate lenses and veinlike 
accumulations of hard limonitic ore are exploited in very reduced scale 
presently to meet local requi rement of the Akaki smelting factory. The 
ore is used as extra-charge to the scrap iron. 



PL I, Fig. 1. Koree ore; — oil immers ion , 600 X. Mar t i t ized magne t i t e (m), 
l imoni te (1) in cracks a n d smal l gra ins of su lph ide (s) 

[. tab., 1. si. R u d a Korree ; — o l jna imerz., 600 X. Mart r t iz i ran magne t i t 
(m) z l imoni tom (1) v razpokah in d robn imi zrni su l f ida (s) 

PI. I, Fig. 2. Dongollo basso ore ; -— oil immers ion , 135 X. Granoblas l ic agregate 
of par t ly mar t i t i zed magne t i t e in q u a r t z m a t r i x 

I. tab., 2. si. Ruda Dongollo basso; — o l j n a imerz. , 135 X. Granoblas t ičen agrega t 
de lno mar t i t i z i r anega magne t i t a v osnovi k r e m e n a 



PI. II, Fig. 1. G u m h o d ore; — oil immers ion , 600 X. Mart i t ized magne t i t e (m) 
wi th smal l gra ins of chalcopyr i te (ch) and malachi te (ml) 

II. tab., 1. si. R u d a G u m h o d ; — o l jna imerz., 600 X. Mart i t iz i ran magne t i t (m) 
z d robn imi zrni ha lkop i r i t a (ch) te r ma lah i tom (ml) 

PI. II., Fig. 2. A g a m e t t a lore; — thin section, 40 X. S k a r n ore : magne t i t e (m), 
ga rne t (g), ep idote (ep) a n d qua r t z (q) 

II. tab., 2. si. R u d a A g a m e t t a ; — zbrusek, 40 X. Ska rnova ruda : magne t i t (m), 
g r a n a t (g), epidot (ep) in k remen (q) 



PL III., Fig. 1. Mai Gudo ore ; — oil immers ion, 135 X. Porous i m p u r e l imonit ic 
o r e 

III. tab., 1. si. Ruda Mai Gudo ; — o l jna imerz., 135 X. Porozna nečista l imoni tna 
r u d a 

PI. III., Fig. 2. G h e d e m ore ; — oil immers ion , 135 X. Zonal t ex tu re of ore, 
consist ing of a l t e rna t ing bands of iron ox ide (g), m a n g a n e s e ox ide (m), silica (s) 

a n d calci te (c) 
III. tab., 2. si. R u d a G h e d e m ; — o l j n a imerz., 135 X. Oana rno s t r u k t u r i r a n a r u d a 
sestoji iz izmeničnih pasov železovega oxida (g), manganovega oxida (m), 

k remenice (s) in kalc i ta (c) 



PL IV., Fig. 1. G h e d e m ore ; — oil immers ion , crossed nicols, 135 X. Fine-crys ta l -
l ine agrega te of pyrolus i te 

IV. tab., 1. si. R u d a G h e d e m ; — o l j n a imerz., navzkr ižni nikioli, 135 X. Drobno 
kr i s ta las t agrega t p i roluzi ta 

PI. IV., Fig. 2. Enka fe l a ore ; — oil immers ion, 135 X. Psdlomelane (p) a n d 
needleshaped hol landi te (h) 

IV. tab., 2. si. R u d a E n k a f e l a ; — ol jna imerz., 135 X. Ps i lomelan (p) in iglicast 
ho landi t (h) 



The Entoto mounta in is buil t up of trachytic-rhyoli t ic rocks pre-
vailingly. The ore occurrences a re known on the southern slope of 
St. Raquel church's hill. The rocks a re al tered and decomposed on the 
surface and residual soil is accumulated in thick cover locally. The 
limonitic ore is found as fillings of f rac tures and cracks in the weathered 
rocks or as small isolated inclusions in decomposed rock. The ore is 
compact, glassy l imonite prevailingly bu t sometimes soft and banded 
ochreous par t s can be found too. The wid th of "veins" is several deci-
meters a t t he maximum. 

The origin of the ore is due to the leaching of iron by rain wate r 
dur ing t he weather ing of country rock. Other leached components were 
carried away but i ron precipitated in f rac tu res and other openings in t he 
reek. The colloidal fe r r ic hydroxide ha rdens subsequent ly in to amorphous 
glassy l imonite wi th more or less obviously banded texture . 

The estimation of reserves is difficult . The quant i ty , however, can 
be expected very small and no economic importance might be a t t r ibuted 
to the locality for the t ime being. On the other hand an accurate search 
of the whole mounta inous complex would possibly reveal several new 
ore concentrations, however, of limited dimensions. The reserves of in-
fe r red ore can be est imated not exceeding several thousands of tons only. 
Nevertheless, the t ranpor ta t ion si tuation of this area is favourable and 
a smelter is near . 

A i r a — Y u b d o 

In the Aira-Yubdo area in Wollega volcanic Trap series overlays the 
pre-Cambr ian metamorphic rocks. The volcanic cover is relatively th in 
and reduced par t ly only to the tops of the hills. The rocks a re largely 
composed of olivine-basalt . Along t he border of the T r a p capping t he 
presence of thin layers of fer r i ferous rocks of oolitic and spongy t ex tu re 
is evident on m a n y places in the volcanics' marginal zone. Near Aira 
Mission the fe r r i fe rous rocks are composed of quar tz sandstone and 
conglomerate wi tch limonitic cement. At t h e magnet i te occurrence n e a r 
Yubdo an oolitic l imonitic layer can be observed in t he basis of t he 
basaltic cover overlying the metamorphic schists. 

Genetically the mineralization is a residual concentration of supergene 
iron oxides. The pre-Trapean residue, having resulted f r o m the weather ing 
of the basemnt rocks, was hardened by limonitic cement. The iron was 
dissolved by meteoric waters out of the basaltic rocks dur ing the de-
composition. The solutions percolated down and inf i l t ra ted the underlying 
residuals or other clastic rocks, having found a favourable place for the 
precipi tat ion and deposition of dissolved minerals, and t ransforming 
them in oolitic and spongy fer ruginous rocks. I t is obvious tha t silica was 
leached and t ranspor ted too due to t he ferric-siliceous character of the 
existing ore. 

In this way also the long discussed "birbiri te", a special spongy 
ferric-siliceous rock known f rom Yubdo p la t inum deposit, might be 
explained as limonitized and silicified former lateri t ic crust of ul t rabasic 
rocks which, however, contain p la t inum too. An addit ionnal proof for 
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this explanation is the fact tha t "birbir i te" can be found prevailingly 
along the western border of ultrabasic mass where it is still more or less 
in contact with basaltic cover. 

Sands and gravel near Aira Mission may have originated as young 
lacustr ine sediments deposited before the extrusions took place. Porous 
clastic sediments were cemented subsequently by ferr ic oxides t ransported 
in solutions f rom the overlying volcanic rocks ( H a m r l a , 1963). 

The observed phenomenon of iron accumulation in the marginal zone 
along the volcanic capping occurs surely also on other places, where the 
geological conditions are favourable. The residual limonitic concentrations 
occurring in this way may be of theoretical interest only. At least in the 
Aira-Yubdo area the conditions as observed do not allow any hope for 
depositions of commercial value. 

Ferruginous siliceous rocks as sourcc of iron 

H a m a s e n 

G e n e r a l . The large occurrences of low-grade iron ore of residual 
type exist in Eri t rea in the waste area south of Asmara, known by 
regional names Hamasen and Serae. Also there the natives smelted the 
ore to prepare the utensils and weapons. There is some descriptive in-
format ion about the deposits of "nodular l imonite" scattered in the waste 
area south of Asmara and also on other places in Tigre province. 
D a i n e l l i (1943) described t he phenomenon and la ter U s o n i (1952) 
gave detailed informat ion on the results of explorations carried out 
part icularly dur ing 1930/31. According to the Italian investigator T i s s i 
the ore might extend on a large surface, and the thicknesses of layer 
are reported between 0,15 m and 0,6 m only. 

Geologically this par t of Er i t rean high plateau is built up by schistose 
rocks of pre-Cambr ian age overlain by volcanic capping. The pre-
Cambrian surface was erroded to a peneplain before the Triassic t rans-
gression took place. The subsequent denudation removed the greatest par t 
of the uncomformably overlying Triassic and Jurassic sediments before 
the Ter t iary volcanic cover spread over the weathered surface of the 
basement complex. 

The pre-Cambrian rocks of this area are predominant ly phyllites, 
chlorite-schist and sericite-mica-schist s treaking generally NNE—SSW, 
and containing gold-bearing quar tz reefs. Grani te bosses crop out at 
several places. The volcanics are built up by basalts, t rachytes and 
rhyolites. 

D e s c r i p t i o n . The concentration of iron oxides is connected to 
the zone of alteration on the old levelled surface of the schistose pre-
Cambrian rocks. The reddish layers of fer r i ferous rocks are to be seen 
everywhere, where the errosion removed or cut the basaltic covering. 
The largest areas of exposed reddish ferr i ferous rocks extend in the 
surroundings of Mar iam Sambel just westwards of the new airport of 



Fig. 13. Sca t te red pebbles of low-grade iron ore a t M a r i a m Sambel 
SI. 13. Razmetan i kosi n izkoprocentne železove r u d e pri M a r i a m Sambel 

Asmara (Fig. 13.), and westwards of Schicceti on the Asmara-Adi Ugri 
road. There are many additional more or less exposed occurrences along 
the whole margin of volcanic capping, and isolated islands occur on the 
basement where the volcanic cover was already removed. 

The approximate situation of the iron-bearing localities is given 
in the enclosed sketch (Fig. 14.). 

At Mariam Sambel low-grade iron ore can be found on a surface of 
about 3 sq. km. It is compact with a nodular and breccious appearance. 
The thickness of existing layer is difficult to estimate but it is thought 
to reach several meters at maximum. The limonitic-hematitic ore is low-
grade by appearance and should contain a relatively great percentage 
of silica. 

Near Schicceti between the highway and the river Mareb there are 
large surfaces covered by reddish ferruginous products confined to the 
contact zone between the basement complex and overlying volcanics. The 
oxidized and secondary enriched ferruginous zone shows an obvious 
schistosity and represents the upper weathered part of the basement 
rocks, consisting locally of ferruginous and other schists (Fig. 15.). Ir-
regular or lenslike inclusions of white siliceous staff are not seldom and 
might result from the precipitation of leached silica. The highest part 
of the secondary enriched zone is a breccious brownish-reddish rock of 
nodular and spongy appearance, similar to ferruginous concentrations 
observed by the author in Wollega and described above. 



Fig. 14. Provisional geological sketch map of Hamasen. (After L. U s o n i ) 
SI. 14. Približna geološka skica Hamasena. (Po L. U s o n i j u) 



There are many other localities in this region where the occurrences 
of iron oxides appear in the altered weathering zone immediately on the 
surface of crystalline basement rocks. 

In general, the ore appears mostly unclean, breccious and schistose 
textured, cemented with reddish cement. It consists of weathered rock and 
iron oxides and hydroxides. The passages from ferriferous concentrations 
to the schistose basement rocks can be observed especially in the lowest 
part of the layer. 

Fig. 15. Schistose low-grade iron ore wi th q u a r t z inclusions nea r Schicceti 

SI. 15. Sbr i l ava n izkoprocentna železiova r u d a z vk l jučk i k r e m e n a blizu 
Schicceti j a 

Analyses. As to the percentage of iron the low-grade ore con-
tains there are large variations estimated visually to range between 
5 and 6 °/o but averaging rather low. For the time being the data of 
several chemical analyses given by U s o n i (1952) are available only. 
The iron contents is reported to vary between 30 and 56 % and silica 
13 to 18 %>, averaging accordingly to 40 % of iron and 16 % of silica. 
The contents of other admixtures like phosphorus and sulphur is very 
low. These values can be accepted as a rough orientation only because 
no garanty exists on the correctness and precision of sampling and 
analysing performed. The visual estimation of an average percentage 
of metal in the ore is much lower. It is possible, however, that parts in 
the mineralized zone exist which might yield a higher average in iron. 

Origin. The supergene enrichment of iron is due to the weathering 
of the pre-Cambrian basement rocks in the period of emersion before 



the lawa f lows dispersed over the peneplained and levelled surface. 
According to M o h r (1961) t h e age of wea ther ing and decomposition 
can be dated as belonging to t h e Por t landien-Eocene interval . The 
basement rocks w e r e oxidated and leached dur ing tha t in terva l and t he 
r a in -wa te r removed d i f fe ren t const i tuents of t he rocks o ther t h a n iron 
which remained a n d enriched in situ. The aspect of t he mineral ized 
layers is t h u s an argilaceous and breccious. A pa r t of supergene i ron 
could be leached also out of t he overlying basalt ic capping and a f te r 
percolat ing the f r ac tu res and cracks i t precipi tated and accumulated in 
t he upper p a r t of the wea thered and decomposed basement rock. 

R e s e r v e s . According U s o n i (1952) T i s s i examined the de-
posits in 1931 by 219 shallow pits and trenches. He est imated the total 
reserve of low-grade iron ore might be about 15 million tons, a half 
of this tonnage being situated in the immediate surroundings of Asmara . 
Supposing the continuity of the fer r i ferous deposit under the volcanics, 
T i s s i est imated the inferred reserves to 200 million tons. 

Nothing more defini te is possible to say about the reserves existing 
in this area as well as t he quant i ty of ore wi th a sat isfactory chemical 
composition for the t ime being. I t could be expected tha t several tens 
of million tons of ore might be potentially important regarding the 
qual i ty as well as other factors influencing the eventual exploitation. 
Anyhow, the deposits mus t be regarded as a potential second- or th i rd-
order source due to the low contents of metal. Regarding the t rans-
portat ion facilities the i r situation is good. The f u t u r e of these deposits 
might be perhaps in blending wi th high-grade ores. 

To asses t he existing ore detailed exploration is necessary. It is 
being carried out by the Ministry of mines fo r the t ime being in order 
to detect richer and thicker par t s of the layers. 

T i g r e 

Many explorers observed the fer r i ferous lateri t ic format ions in Tigre 
province and reported upon the existence of iron deposits. An old pr i-
mit ive exploitation on a small scale as well as smelting fo r local require-
ments is known in d i f fe rent par t s of the province. Qui te exhaust ive 
description of these and Eri t rean deposits is summarized by D a i n e l l i 
(1943). U s o n i gives some general informat ion concerning the most 
impor tant localities between Adua, A x u m and Enticcio ( U s o n i , 1952). 
The iron occurrences are reported to be "fer r i ferous la ter i tes" similar 
to those in Eritrea, and connected to the basement rocks as well as to 
the Mesozoic format ions of Adigrat and Upper sandstones. The interest ing 
appearance of nodular and pisolitic l imonite concentrations is known to 
exist at many of those places where clastic sandstones crop out. M e r 1 a 
and M i n u c c i give some detail on mineralization indicating tha t the 
prevail ing limonitic "lateri t ic crust" has a thickness of 5 to 6 m at 
maximum, but the weathered zone of the sandstones is much thicker 
(M e r 1 a , M i n u c c i , 1938). According to V i l l a m i n a r the grade 
of metal averages about 45 °/o ( M u r d o c k , 1960). 



As to the genesis of iron accumulation M e r l a and M i n u c c i 
considered it as a resul t of laterit ization of sandstones dur ing the pene-
plainat ion which preceeded t h e Trappean erupt ions ( M e r l a , M i -
n u c c i , 1938). The ferruginous cement of sandstones might be of pr i -
mary authigene origin. On the other hand, D a i n e l l i considered the 
presence of the opaline-limonitic sediments as to have been t ranspor ted 
in t he Uper Jurass ic or Cretaceous period f r o m the lateri t ized emerged 
basement rocks and sedimented in the sea ( D a i n e l l i , 1943). 

According to M o h r (1961) there is obvious evidence of the lateri t ic 
weather ing on the top of Upper sandstone. The lateri t ic crust found in 
Eri t rea upon the basement complex passes f u r t he r south into the sand-
stone formations. The al terat ion takes the form of a limonitic enr ichment 
of t he topmost s t ra ta to a depth of some ten meters. 

I t is probable tha t the enr ichment of iron might be locally sufficient 
to f o r m an economic iron-ore deposit. No f igures for the reserves are 
known, bu t it can be expected tha t perhaps several million tons of low-
grade ore might be available. 

O t h e r r e s i d u a l o c c u r r e n c e s 

The phenomenon of iron concentration as described above for d i f -
fe ren t more known localities occurs in the whole region of the Ethiopian 
plateau where similar petrographic, morphologic and climatic conditions 
exist being in general convenient for leaching and t ranspor ta t ion of 
i r o n ' a n d its accumulat ion ei ther in residual lateri t ic soil or other 
favourable environment . 

There is some informat ion on local i ron ore occurrences a t d i f fe rent 
localities of Ethiopia, bu t t he details are ra ther limited and u p to now 
no one of them deserved larger interest regarding the economic im-
portance. D a i n e l l i (1943) gives an overlook of f ind-spots of ore and 
these localities are indicated or described many t imes in several other 
reports . 

Residual deposits a re known f r o m Beghemder west of Tana lake and 
nor th of Gondar as well as near the town itself. The occurrences are 
reported f r o m Goj j am some 100 k m nor th of Debra Marcos, and f rom 
Ankober in Shoa. A small lateri t ic-infi l trat ion type occurrence is re-
ported to exist near Yavello in Sidamo province (M u r d o c k , 1960). 

To the same type belong probably the occurrences reported to exist 
a t Maj i and G u r r a f a r d a in K a f f a province. 

4. Hydro thermal type 

G h e d e m 

G e n e r a l . The sole more impor tan t known deposit of hydrothermal 
origin is si tuated some 7 k m southeast of Massaua, occupying the ex t reme 
nor thern par t of t he Ghedem mountain. The deposit was visited and 
explored many t imes in t he past as described by U s o n i (1952), who 



summarized all what was knovn about it. The main exploration and 
exploitation of the ore took place immediately before the War II. Several 
trenches, pits and bore-holes were executed and a limited tonnage of 
ore was exported to Italy. 

There was no certainity about the origin of this iron and also man-
ganese accumulation and M o h r even in 1961 ranged the deposit as a 
probably pre-Cambian sedimentary one. In 1963 preliminary prospection 
and studies were carried out by the Ministry of mines (H a m r 1 a , 1963). 
Early in 1964 the deposit was searched geologically and geophysically by 
the Yugoslav RUDIS company on behalf of the Ministry of mines in 
order to establish definitely its eventual economic signification. 

The mineralizations are located on a hill confined on three sides 
by dislocations and surrounded by alluvial sands and gravels. The pre-
vailing direction of the faults is about 30° and the dip is more or less 
vertical but dislocations run also about 150°. Here and there along the 
borders of the hill the slickenside fault surfaces can be clearly seen with 
traces of oblique movements. The faults are accompanied by tectonic 
breccias. The main ore bodies are bound to these dislocation (Fig. 16.). 

The area is built by metamorphic crystalline rocks. Micaceous and 
gneissic schistose rocks prevail, dipping generally 75° to 80° west. Pegma-
titic veins and dikes in various directions are often. Greenish porphyry 
rocks appear at some parts of the hill. Gray-black crystalline carbonate 
rock appears along the borders of the hill following the main tectonic 
directions. It forms elongated ridges like dikes on the hill and it fills 
the cracks and fissures in pegmatites and other rocks, being directly 

Fig. 16. Ore body No. 3 a long the to r r en t G h e d e m 
SI. 16. R u d n o telo št. 3 vzdolž hudourn ika Ghedem 



Fig. 17. Provisional geological sketch map of Ghedem deposit 
SI. 17. Približna geološka skica nahajal išča Ghedem 

connected w i t h i r o n a n d m a n g a n e s e minera l i za t ion (Fig. 17.). C a r b o n a t e 
g a n g u e a l t e r n a t e w i t h i ron a n d m a n g a n e s e ox ides in bands , ind ica t ing in 
t h i s w a y t h e obvious gene t i c connect ion . 

D e s c r i p t i o n . T h e m a i n ore bodies a p p e a r al long t h e b o r d e r s 
of t h e hi l l in f o r m of lens l ike outcrops , h a v i n g a n a v e r a g e l engh t of 
seve ra l t en m e t e r s a n d t h i cknes s of severa l m e t e r s only. T h e best exposed 
ou tc rops a r e s i tua ted a long t h e t o r r e n t G h e d e m d u e to i ts e r ros ive 
act ivi ty . M a n y smal l e r o re ou tc rops a r e occur r ing in t h e s o u t h e r n p a r t 
of t h e hill, a ccompan ied b y ca lcareous g a n g u e w h i c h includes m o r e or 
less of m e t a l ox ides as i nc rus t a t i ons or inclusions. 

I ron ore is l i m o n i t e p reva i l ing ly , h a v i n g a po rous a n d spongy t e x t u r e . 
T h e brecc ious o re is composed of pa r t i c l e s of c o u n t r y rock, c e m e n t e d b y 
i ron a n d m a n g a n e s e oxides. M a n g a n e s e o re a p p e a r s gene ra l ly f i n e - b a n d e d 
m a m m i l l a r y or as crusts , be ing i n t ima te ly m i x e d a n d i n t e r g r o w n w i t h 



iron oxide. The ore is generally composed of both iron and manganese 
oxides. 

The main ore body, a par t of which is already removed by excava-
tions, shows visible dimensions 75 m by 15 m by 5 m approximately. The 
porous limonitic ore seems to be crushed and mylonitized and subsequent-
ly cemented again wi th iron oxides. In the vicinity of the ore body many 
thin veins of ore intersect the adjacent country rocks. 

The visible dimensions of the other ore outcrops are smaller. The ore 
is in general more breccious and impure wi th increased contents of 
manganese. The breccious t ex tu re gives obvious evidence of a tectonically 
effected mineralized zone. Blackish manganiferous limestone everywhere 
accompanies the ore. The separation of the ore outcrops on the western 
side of the hill along the torrent Ghedem was thought to be due to 
errosion, but this hope was disproved by RUDIS' survey in 1964. 

On the southern pa r t of the hill several mineralized limonitic zones 
and small ore outcrops can be observed at many places. No traces of 
exploitation can be seen there. 

On the nor th-eas tern border of the hill there are two outcrops of ore 
which have been mined in the past. The ore is breccious and manganese 
oxides prevail. Also this border is obviously tectonically effected and 
f r agmen t s of ore can b e found intermingled wi th slope-rubble. 

A n a l y s e s . All transit ions between calcareous waste and rich either 
iron or manganese ore can be observed in the field. The results of 
analyses of several chip samples of ore and of two average samples of ore 
shipped in 1940 to I taly are given by U s o n i (1952). The chemical 
composition of Ghedem ore might result accordingly as follows (in 
percent): 

Fe about 54 S 0,055 to 0,13 
SiO., about 12 P 0,027 to 0,04 
Mn" 0,2 to 0,45 

This quality, however, can not be expected as an average one because 
the ore f r o m diverse outcrops di f fers in grea t ex tent due to the vary ing 
mineralogical composition and admixtures of impurities. The iron ore 
— to — manganese ore ra t io might be in general about 18: 1 relat ing 
to the Italian sources (U s o n i , 1952). 

No new chemical analyses of ore are available presently. The car-
bonate gangue was chemically examined only in order to clear its com-
position which is the following (in percent): 

CaC0 3 94,0 SiO, 0,3 
Fe„03 1,86 S 0,00 
A L A 1,64 Mg 0,00 
MnO 3,1 

The admixtures of manganese oxides cause the black colour of the 
carbonate rock. Besides the calcite the elongate shaped crystals would 
point to aragonite. 



Microscopic examinat ion of the ore reveals the prevailing concentric 
t ex tu re of oxidic minerals in fo rm of f ine curved bands and zones (PI. Il l , 
Fig. 2.). Radial crystallization is common, and the f ibrous radially ar ranged 
agregates wi th long axes normal to the bands show continuous transi t ion 
through bands and zones wi th f ine needle-shaped f r e e surfaces. 

Goethite is the prevail ing iron mineral . Bandlike ochreous inclusions 
seems to be replaced by goethite. Manganese oxides are represented by 
f ine-grained psilomelane and f ine f ibrous pyrolusite (PI. IV, Fig. 1.). Some 
yellow bands might belong to hollandite. Small f l aky inclusions of 
pyrolusite are found in goethite. Silica occurs in fo rm of i r regular 
cryptocrystall ine masses and a l te rnates in bands wi th o ther oxides. I t 
contains more or less f ine dispersed oxides and forms a jasper-l ike cher ty 
rock. Calcite is present in relatively big crystals and never as f ine 
banding. Small i r regular inclusions of manganese oxides are always 
present in it. More "generat ions" of iron and manganese oxides are 
evident. 

O r i g i n . The accumulations of iron and manganese oxides, accom-
panied by gell quar tz and carbonate gangue, have originated f r o m thermal 
solutions. The mineralization might be classified as epi thermal or ra ther 
hot-spring deposition and was caused by a relative young thermal cycle. 
The deposition took place as filling of holes and cavities along the 
dislocations, cementing t he technica l ly crushed zones under t he format ion 
of breccious ore. There is no doubt of an ascendent character of the 
solutions which mus t h a v e been loaded wi th C0 2 . About t he origin of 
these acid solutions nothing can be said wi th certainty. They were very 
probably bound to the young (Pliocene or Pleistocene) volcanic activity 
in the region, being ei ther of juvenile or surface provenience as ascending 
heated meteoric waters . 

The a l ternat ing bands of d i f fe rent oxides were caused by variat ions 
of physico-chemical conditions dur ing t he precipitation. The f ine banding 
is, however , normal ly t he proof of deposition in a colloidal state. The 
zonal s t ructures observed develop mostly by minerals of supergene origin 
which are deposited as al terat ion products f rom cold aqueous solutions. 
Such textures, however, a re found also in hypogene minerals and i ron 
and manganese oxides are known to originate also as hydro thermal low-
tempera tu re products. 

As to the mechanism of precipitation the constituents might have 
been t ranspor ted in molecular solutions as bicarbonates, and a f te r oxida-
tion t ransformed par t ly to more stable colloidal state and precipitated as 
gels. Carbonate crystallized probably f r o m bicarbonate solution. Other 
components precipitated subsequently as gels and acquired later more or 
less expressed crystallinity. 

I t can be assumed tha t the acid solutions percolated the deeper 
par ts of the ear th ' s crust, having leached iron, manganese, silica and 
calcium out of d i f fe rent rocks of metamorphic basement series. Another 
possibility is the solutions are derivatives of a magmatic source. 



R e s e r v e s . According to U s o n i the reserves of ore were esti-
mated in the years before t he War II by T a z z e r who calculated the 
visible par t to 80 000 tons, the probable one to 32 000 tons, and the 
possible one to 540 000 tons. M i n u c c i estimated the visible tonnage 
to 85 000 tons, and the possible one to 265 000 tons (U s o n i , 1952). 

On the basis of recalculation of reserves in the field the conclusion 
can be made tha t the visible par t of the outcrops amounts to about 
36 000 tons. Some additional 40 000 tons of possible ore may exist in the 
immediate prolongation of the outcrops to the depth. According to the 
type and fo rm of the deposit some hundreds of thousand tons might be 
additionally considered as inferred possible tonnage ( H a m r l a , 1963). 
These f igures practically coincide with those given by Italians. The 
deposit has to be classified accordingly as a very small one. Altogether 
about 30 000 tons of ore have been excavated only ( U s o n i , 1952). 

The RUDI S' es t imate of the total quant i ty of ore is about 650 000 tons, 
and it should be considered as possible reserve only. 

The prospection of the surroundings of Ghedem, carried out in the 
season 1963 by the Ministry of mines, did not f ind any additional mi -
neralizations of the same type. 

C h i l a c h i k i n 

According to KRUPP's report (1964) the Chilachikin iron ore occur-
rence is s i tuated near the Asmara-Gondar road, about 30 km southeast 
of Enda Selassie and some 270 k m f rom Asmara. The area is composed 
of pre-Cambrian phyllites and sericite-schists, t raversed by numerous 
young quar tz veins which in a f ew cases show marginal iron minerali-
zations. Mesosoic sandstones fo rm isolate cappings on the tops of hil ls and 
mountains. 

No informat ion is available of any former investigation in this area. 
K R U P P executed several trenches which exposed quar tz veins in schistose 
rocks. The thicknesses of the veins are between 0,1 m and 0,5 m, but 
in many cases under 0,1 m. The 1,5 m thick quartz vein is marginally 
mineralized wi th coarse-grained hemati te , the width of mineralized band 
being 5 cm or about 5 % of volume only. 

The iron mineral is specular hemati te. I ts connection to quar tz veins 
can be interpreted as apparent ly ka ta the rmal derivative of a magmatic 
source. Veins of this kind are rarely of economic importance, and also 
this occurrence is interesting f r o m a mineralogical point of view only. 

As much as it is known until now there are very few iron ore 
occurences in the country formed by ascending solutions. U s o n i guesses 
some iron ores connected to quar tz gangue at Agame region could be of 
hydrothermal origin (U s o n i , 1952). There are no other data available 
on the existence of other hydrothermal iron ore occurrences in Ethiopia 
and this genetical type is un impor tan t as potential source of iron ore. 



5. Magmatic type 

T h e r e a re n o precise d a t a avai lable r e fe r ing to t h e i ron ore occur ren-
ces of m a g m a t i c origin. The suspect ion t ha t i ron ores of m a g m a t i c origin 
m i g h t exist in t h e coun t ry is d u e to a sample of g r a n u l a r magne t i t i c ore 
g a t h e r e d d u r i n g t h e prospect ing campa ign in 1963 in t h e a rea n o r t h of 
Ne jo in Wollega ( H a m r l a , 1963). 

T h e microscopic examina t ion of ore specimen revealed a g r a n u l a r 
i n t e rg rowth of a l lo t r iomorphic m a g n e t i t e a n d i lmeni te w i t h an idio-
m o r p h i c axia l minera l , be longing p robab ly t o t h e g r o u p of or thopyroxenes , 
a n d a m o u n t i n g t o abou t 5 0 % by volume. Magne t i t e shows the in i t ia l 
mar t i t i za t ion . T h e composit ion of ore sample is 39 % of iron, 5,9 % of 
t i t a n i u m beside silica a n d a smal l pe rcen tage of magnes ia . 

This o re m i g h t b e a p roduc t of m a g m a t i c crystal l izat ion d i f f e r en -
t ia t ion. No o ther da ta a re avai lable fo r t h e t ime being. The f ind-spo t w a s 
n o t ye t examined a n d the geologic f e a t u r e of t h e occurrence is no t 
ye t k n o w n . 

MANGANESE 

1. Residual concentration type 

All k n o w n res idua l occurrences of manganese a re bound to the con-
cen t ra t ions of supergene i ron oxides descr ibed above. I t is wel l k n o w n 
t h a t m a n g a n e s e is v e r y s imilar in behav iour of t r anspor t a t ion and p r e -
cipi ta t ion to i ron. In supergene deposi ts t h e y a re no rma l ly bo th f o u n d 
toge ther . Manganese can b e easier r emoved in solution in compar ison 
w i t h i ron, b u t it does no t p rec ip i ta te as easy as i ron. T h e m a n g a n e s e 
hydrox ides a r e normal ly deposi ted as gels f r o m colloidal solutions and 
sol id i fy a s ps i lomelane. T h e y u n d e r g o subsequen t ly f u r t h e r dehydra t ion 
a n d crystal l ize as pyro lus i te wh ich acquires more or less expressed crys ta l -
l in i ty a n d exhib i t s r ad ia l t ex tu re . 

T h e accumula t ions of m a n g a n e s e oxides in descr ibed res idua l i ron 
deposi ts h a v e no economic impor tance . In Mai G u d o area manganese 
oxides a re closestly connected to i ron oxides as inclusions or in tergrowings . 
Local concent ra t ion of manganese ore w a s f o u n d a t t h e locali ty Sombo 
in f o r m of severa l cen t imete rs th ick len t icu lar ore seam, t h e composit ion 
of wh ich is given in Table 4. 

Mineralogically, ps i lomelane in col loform b a n d i n g a n d zoning prevai ls 
and ea r t hy w a d is common too. 

In general , t he contents of m a n g a n e s e in Mai Gudo i ron ore ranges 
f r o m 4 to 1 2 % . The condit ions f o r fo rma t ion of r icher and la rger de -
posi t ions w e r e n o t f a v o u r a b l e in th i s area , because t h e content of 
m a n g a n e s e in t rachyt ic - rhyol i t ic rocks is to smal l to give r ise to m o r e 
i m p o r t a n t res idual m a n g a n e s e concentra t ions . 

S imi l a r smal l a n d scarce accumula t ions of supe rgene m a n g a n e s e 
minera l s a r e k n o w n f r o m d i f f e r en t o ther places, and the i r f o r m a t i o n is 
due to t h e w e a t h e r i n g p h e n o m e n o n of volcanic rocks. 



2. Hydrothermal type 

The only occurrence of manganese ore of hydrothermal origin is 
known at Ghedem. The geological side of the deposit is described above. 
Manganese oxides in fo rm of psi lomelane and pyrolusite occour in general 
closestly connected to iron oxides, forming colloform textured ore of 
al ternat ing bands and zones or as incrustations within breccias and car-
bonate waste. Manganese oxides are fine-crystall ine prevailingly (PI. IV, 
Fig. 1.). The black colour of the accompanying manganiferous calcstone 
is due to the f ine admixtures of manganese oxides which a re displaced in 
calcite crystals following the rhomboeder directions, but also among 
calcite grains. 

The prevailing manganese ore occurs along the nor th-eastern border 
of the hill, as evidenced in several outcrops or trenches. The contents of 
manganese in this ore might be about 40 °/o. The rich manganese ore was 
exploited separately in the past, and there is still a quant i ty of about 
800 tons stored in piles near the working places for the t ime being. 

The mineralization can be explained by a young thermal cycle, having 
originated either f rom leaching of deep-lying rocks or f rom solutions 
of magmat ic origin. There are outcrops of more of less manganiferous 
ore or ferruginous manganese ore or even pure manganese ore. This 
very pronounced and quick change in the composition of ore regarding 
the contents of oxides as well as carbonate gangue could be explained 
by very unstable physico-chemical conditions of deposit 's formation. 

The reserves of manganese ore f rom Ghedem can be est imated to 
about 4000 tons of visible and probable ore. The inferred tonnage could 
be expected to reach some tens of thousand tons at maximum. 

3. Sedimentary type 

E n k a f e l a 

G e n e r a l . Enkafela is the only known manganese ore deposit of 
sedimentary origin. The locality is si tuated about 20 k m southwest of 
Dallol on the border of the Salt plain in the Danaki l depression, and was 
discovered incidentally several years ago. A prospection licence and lease 
for exploitation was given in 1955 covering an area 300 m by 350 m only, 
and in 1958 primit ive mining s tar ted under a pr ivate licence. The ore is 
t ranspor ted by t ruck to the port of Mersa Fa tma on the Red sea coast, 
and exported via Massaua to USA. The production is small and altogether 
not more than 40 000 tons of ore have been exploited and shipped to 
Massaua till the end of 1963. 

The geology of the Salt plain depression is characterized by an early 
Pliocene sea ingression which deposited dur ing Plio-Pleistocene mar ine 
beds composed of conglomerates, sands, clays and evaporites. All around 
the Salt plain conglomeratic and gypseous sediments occur which were 
formed in the shallow sea along the former coastline. Along the whole 
western margin of the Salt plain thick layers of terrassed pluvial tor ren-



Fig. 18. Provisional geological sketch map of the northern Salt plain depression. 
(After various sources) 

SI. 18. Približna geološka skica severnega dela depresije »Salt plain«. 
(Po raznih virih) 

t ia l g rave l rest u n c o n f o r m a b l y on m a r i n e sed iments wh ich a re wel l 
exposed only in young wad i -cu t valleys. In such a valley of t h e H a n d e d a 
r ive r t h e m a n g a n e s e ore became e r roded and the layer exposed. T h e 
m a n g a n e s e ore is in te r s t ra t i f i ed in t h e clastic m a r i n e succession, and i ts 
s ed imen ta ry n a t u r e is evident . 

The m o u n t a i n s border ing the Enka fe l a a rea to t h e wes t a r e composed 
of volcanics, meanwh i l e to t h e eas t huge deposi t ion of p i edmont gravels 
f o r m t h e passage to t h e Sal t plain (Fig. 18.). 

D e s c r i p t i o n . The Enka fe l a min ing area covers a su r face of 
about 250 m by 300 m for t h e t ime being. Severa l lensl ike ore outcrops can 
be observed in t h e wadis . T h e l ayer exploi ted has a m a x i m a l th ickness 
of 1,4 m in center a n d decreases to 0,1 m towards margins . T h e to ta l 
vo lume of t h e k n o w n ore migh t be t h u s no t m o r e t h a n 10 000 cubic 



meters only. Marginal passages of ore to the waste can be observed. The 
greyish black cavernous ore is pure and occurs as botryoidal and spongy 
mass composed of hard oxides. A very fine crystalline texture can be 
seen along the cavities. The ore bed is overlain by thin irregular ferri-
ferous breccious layer. The footwall of the ore body consists of coarse 
clastic sediments containing sands and gravels, and cemented in the 
upper part with manganese oxides. The hanging wall consists of tuffic 
aglomerates with corals and other marine fossils. 

Fig. 19. In te r s t ra t i f i ed layer of manganese ore a t Enkafe l a 
SI. 19. Med plast i vk l jučen sloj m a n g a n o v e r u d e v E n k a f e l a 

The following succession of the ore-bearing marine sediments was 
observed in the eastern part of the open pit (Fig. 19.), from bottom up: 
0,5 to 0,8 m Middle-grained sandy breccia, including small nodules and 

vertical thin veinlets of manganese oxides; 
0,1 to 1 m Coarse gravel and sand, cemented with manganese oxides 

(pebbles and grains of volcanic origin prevailingly); 
0,5 to 0,8 m Banded manganiferous impure sandy bed of loose con-

sistence; 
0.5 to 0,9 m Compact manganese ore; 
5 to 6 m Tuffic aglomerates with corals and other marine fossils; 
8 to 10 m Marly sandstones, well banded; 
10 to 15 m Torrential gravel. 

Another outcrop of manganese ore was found at the locality Ashley 
some 7 km north of Enkafela. Several thin earthy layers of manganese 



ore can be observed, hav ing a th ickness no t m o r e t h a n 0,3 m totally. The 
geological env i ronmen t corresponds ent i re ly to t h a t described fo r 
Enkafe la . Th in -bedded m a r i n e sed iments prevai l , be ing covered by a th ick 
layer of to r ren t i a l gravel . 

A n a l y s e s . The average chemical composit ion of t h e Enkafe l a 
ore which w a s sh ipped f r o m Massaua to U S A be tween 1960 and 1964 is 
as follows* (in percent ) : 

Mn (dry basis) . . . . 51,26 
Mois tu re . . . . . . 0,68 
S i 0 2 . . 1,81 
A120 . . 0,80 
F e 2 0 , . . 1,50 
B a O . . 7,70 
S . . 0,029 
P . . 0,021 
P b . . 0,000 
Cu . . 0,000 
As . . t races 

The qua l i ty of ore is good a l though the a d m i x t u r e of b a r i u m is 
s ignif icant . 

U n d e r the microscope m a n g a n e s e minera l s can be seen only. The ore 
show mild zoning. Microcrysta l l ine agrega te of ps i lomelane in m i x t u r e 
w i t h some pyrolusi te prevails . Hol landi te occurs too and yellow re la t i -
vely bigger pr i smat ic crysta ls a r e concent ra ted in th in zones (PI. IV, 
Fig. 2.). 

O r i g i n . The deposit of re la t ively recent geologic age is of se-
d i m e n t a r y origin and w a s f o r m e d in the shal low sea-shore zone r ich in 
oxigen. T h e manganese migh t or ig ina te f r o m the decomposit ion of d i f f e r en t 
volcanic rocks in t h e wes t e rn h in te r l and of t h e Sal t plain, and w a s 
t r anspor t ed by f lowing w a t e r s in to the l i t toral sea. I t prec ip i ta ted as 
m a n g a n e s e hydrox ide and w a s diagenet ical ly t r a n s f o r m e d to psilo-
melane-pyro lus i te compounds . I ron oxides a re normal ly a d m i x t u r e d to 
the p r i m a r y oxidic ore and they a re found in Enkafe l a immedia te ly on 
t h e top of t he manganese bed. I t is believed fo r t h e t ime being t ha t in 
s ed imen ta ry deposits manganese w a s precipi ta ted direct ly f r o m sea-wate r 
by the act ivi ty of microorganisms. Ano the r possibili ty about t he source of 
manganese could be the connect ion wi th ho t - spr ing volcanic act ivi ty of 
t ha t t ime. More detai led invest igat ion of facial env i ronmen t as well as 
t h e mechan i sm of prec ip i ta t ion of ore could p rov ide usefu l h in ts for the 
even tua l f u r t h e r f ind ing of n e w accumula t ions in the vicinity. 

R e s e r v e s . The to ta l a m o u n t of o re which w a s yielded f r o m the 
deposit h i the r to r anges no t m o r e t h a n several tens of thousand tons 
total ly. At t h e end of 1963 t h e still exis t ing visible reserves have been 
es t imated no t m o r e t h a n about 5000 tons only. Due to the sed imen ta ry 

• P e r s o n a l communication by Mr. L. Z i n g o n i (Technical Officer of 
the Mining Office in Asmara). 
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cha rac t e r of t h e depos i t ion in t h e f o r m e r l i t tora l zone, t h e f u r t h e r 
economic f i n d i n g s in t h e i m m e d i a t e v ic in i ty a r e possible. T h e k n o w n 
a n d explo i ted lens l ike o re bodies pass la te ra l ly to t h e s ter i le or low-
g r a d e minera l i zed clast ic rocks . In t h e case t h e source of m a n g a n e s e w e r e 
t h e volcanic or o the r rocks of t h e h in t e r l and , t h e w e s t e r n b o r d e r of t h e 
Sal t p la in ' s s e d i m e n t a t i o n bas in could be a l a rge geological e n v i r o n m e n t 
w h i c h m i g h t h a v e favor ized t h e deposi t ion of manganese , and t h e l a t e ra l 
pers i s tency of t h e o re -bea r ing hor izon is p robable . This a s sumpt ion is 
s u p p o r t e d by t h e a p p e a r a n c e of t h e ore a t Ashley. Hence, it would be 
adv i sab le to exp lore t h e m a r g i n a l p a r t of t he w e s t e r n p i edmon t a rea 
of t h e Sal t p la in depress ion in o rde r t o f i n d out t h e even tua l n e w m a n -
ganese o re concent ra t ions . 

IRON AND MANGANESE DEPOSITS IN THE NEIGHBOURING COUNTRIES 

F o r t h e r eason of compar ison , and fo l lowing t h e ava i lab le sources, 
t h e i ron a n d m a n g a n e s e deposi t s of t h e ne ighbou r ing Eas t A f r i c a n 
count r ies a r e descr ibed in t h e shor tes t way . 

T h e r e a r e severa l i ron deposi ts ex i s t ing in Sudan . T h e coun t ry ' s geo-
logical se t t ing is s imi la r to t h a t of Eth iopia , be ing composed of p r e -
C a m b r i a n rocks and Mesozoic a n d y o u n g e r sed iments . 

In t h e Red-Sea zone n o r t h of P o r t S u d a n t h e S u f a y a and F o d i k w a n 
deposis ts consist of mass ive m a g n e t i t e - h e m a t i t e ore. T h e ore bodies 
e x t e n d in con fo rmi ty w i t h t h e fol l ia t ion of t h e m e t a m o r p h i c rocks d ipp ing 
s teep ly east . T h e l aye red deposi ts m i g h t seem to be genet ica l ly s imi lar 
to those of Er i t rea , or m i g h t even be long to t h e s a m e o re -bea r ing zone 
which e x t e n d b e t w e e n Fa lca t a n d A g a m e t t a . M o r e accu ra t e da t a po in t 
to t h e gene t ic i n t e r p r e t a t i o n of deposi t s by m a g m a t i c d i f fe ren t i a t ion .* 
Accordingly, t h e ore bodies o r ig ina ted as o re in j ec t ions b o u n d to d ior i t e -
l a m p r o p h y r e s a t S u f a y a a n d p o r p h y r i t e s a t F o d i k w a n . T h e reserves of 
h i g h - g r a d e ore a r e r e p o r t e d to r a n g e over 10 mil l ion tons f o r each of 
t h e deposi ts , a n d t h e r e is a l a rge q u a n t i t y of l o w - g r a d e ore in addi t ion . 
T h e posi t ion close to t h e Red-Sea coast is f avourab le , and p lans h a v e 
been p r e p a r e d to exploi t t h e ore a t a r a t e of severa l h u n d r e d s of t housand 
tons year ly . 

At A b u Tu lu in N o r t h e r n S u d a n a s imi la r deposi t consists of h igh-
g r a d e m a g n e t i t e - h e m a t i t e ore. It e x t e n d s in t h e n o r t - e a s t e r n s t r ike of t h e 
m e t a m o r p h i c complex . T h e rese rves a re r epo r t ed to a m o u n t t o 36 mil l ion 
tons. 

A deposi t of r e s igua l type' exis ts at K u t u m in W e s t e r n Sudan . I t 
m i g h t be bound to t h e process of w e a t h e r i n g of N u b i a n sandstone . T h e 
ore is conc re t iona ry h e m a t i t e a n d t h e rese rves to ta l 2 mil l ion tons. 

A smal l deposi t of p r o b a b l e h y d r o t h e r m a l or igin a t F a d l a b n o r t h -
eas t of K h a r t o u m or ig ina ted as r ep l acemen t of m a r b l e s by hemat i t e . T h e 
rese rves a r e several h u n d r e d s of t ons only. 

* Personal communication by Mr. M. D o l e n c , Chief geologist of the 
Geological Survey <oi Slovenia, Yugoslavia. 



Manganese ore is reported to occur at two localities in the nor thern 
par t of Sudan near t he sea shore. Smaller sedimentary deposits of re-
latively young geologic age might be in question. 

In general the Sudanese iron and manganese deposits look to be gene-
tically very close to the deposits in Ethiopia expect the larger dimensions 
and the reserves reported to exist. It seems tha t these occurrences, 
while interesting, offer little chance of a commercial development for the 
t ime being. 

In Somalia i ron deposits exist between the r ivers Shebeli and Giuba 
wes tward of Mogadisco and 200 to 300 k m f r o m the shore. This large 
ore-bearing Bur region is described in short by U s o n i (1952). In a large 
area of about 200 by 50 k m many impor tan t outcrops of rich iron ore 
occur. The area is buil t up by crystalline schistose rocks which are in t ruded 
by numerous grani te bosses and basic differentiates. The ore consists of 
magneti te, i lmenite and quar tz waste. The contents of iron in the ore 
is not less than 55 °/o in average. 

The Bur deposits are considered to be magmat ic in origin and might 
have formed by segregation. The visible reserves are est imated over 
200 million tons. Provided this est imation is not f a r f r o m t h e t r u th the 
Bur deposits may be the most impor tant potential sources of iron in East 
Africa. 

Small and un impor tan t deposits are known to exist in Somaliland. 
A limonite occurrence of very restricted dimensions is known at Galan 
Galo near Candala on the nor thern coast. It is a residual deposit 
in calcareous s t ra ta of Lower Eocene, formed by action of meteoric 
wa te r (U s o n i , 1952). A similar very small residual occurrence of li-
monitic crustif ications exist a t Timassoh south of Candala. There are also 
repor ts on the veinlets of siderite included in phyllitic schists of pre-
Cambrian. 

According to the data available no impor tan t deposits exist in 
Kenya ( P u l f r e y , 1960). 

Metamorphic and residual lateritic iron ore deposits are explored 
in Malagasy,- totaling in 170 million tons of 28 to 62 °/o ore (M u r d o c k, 
1963). Only a small par t of these reserves belong to high-grade ore. 

ECONOMIC APPRAISAL OF THE TREATED ETHIOPIAN DEPOSITS 

There is large interest in Ethiopia to find out reserves oi iron ore 
for establishment of metalurgical industry. The errection of national 
mining and stell-mill indust ry is suggested in the Second f ive year Plan 
of overall country 's development. It depends on di f ferent factors of 
economics influencing the f inal price of hot metal , but the quant i ty and 
quality of ore available is of p r imary importance. 

The est imated reserves of iron ore, refer r ing to the principal to-day 
known and above t reated deposits, are summarized in the Table 5. 



Table 5 5. tabela 

Average Category of reserves 
Locality ore-grade (tons) 

estimate Measured Inferred 
(% Fe) (min.) (max.) 

Ko ree-Gol 1 i sso-Ne j o 60 160 000 290 000 800 000 
Agametta-Gumhod 58 132 000 — 500 000 
Falcat-Tullului 55 — 300 000 1 000 000 

Mai Gudo 40 77 000 25 000 
Entoto 40 — — 10 000 
Aira-Yubdo 25 — — • 100 000 
Hamasen 35 — 5 000 000 50 000 000 
Tigre 30 — — 5 000 000 

Ghedem 54 36 000 40 000 500 000 

Tak ing in to considerat ion tha t an economic i ron ore deposit of to-day 
shall contain at least several million tons of h igh-g rade (over 60 °/o) ore, 
t h e conclusion m a y be m a d e t h a t t he r e is l i t t le chance of economic 
deve lopment of k n o w n iron ore deposits fo r t he t ime being even if t he 
m a x i m u m of in fe r red reserves do exist. It is a well k n o w n fac t t h a t an 
up- to -da te min ing product ion reques t s large capacities and big reserves, 
pa r t i cu la r ly if t he r e a re cheap r a w - m a t t e r s in quest ion l ike i ron ore. 

F r o m the point of v iew of es tabl ishing big indus t ry the reserves of 
h igh-grade i ron ore f r o m Er i t rea as wel l as f r o m Wollega a re not su f -
ficient. For a p lanned produc t ion of 300 000 tons of pig i ron annua l ly 
t h e proved reserves should a m o u n t to 15 mill ion tons of 60 °/o ore to 
g u a r a n t e e the r a w - m a t t e r f o r 30 years. Also the fue l should be in all 
probabi l i ty impor ted . The searching fo r coal carr ied out in the country 
and a imed to f i nd out t he even tua l adequa te fue l fo r meta l lurgic indus t ry 
does not show m u c h prospects. 

Regard ing the deve lopment of expor t m a r k e t s small tonnages k n o w n 
f o r the t ime be ing a n d h igh t r anspor t a t ion costs do not g ive m u c h 
prospect . However , wor ld m a r k e t is governed today by cheap h igh-grade 
i r on ore, a n d it would be d i f f icu l t t o f i n d r eady marke t s . 

I t shal l be pointed out, t ha t t h e degree of geological in format ion 
f o r t h e i ron ore potent ia l is f a r f r o m being sat isfactory, and also the 
k n o w n deposits have been explored only pa r t ly as th is can be seen 
f r o m the ra t io of categories of reserves. However , n e w discoveries a re 
possible a l though the re is l i t t le probabi l i ty t ha t la rge and rich deposits 
exist in t h e count ry still undetec ted . But the possibili ty of f ind ing new 
smaller h igh-grade or midd le -g rade deposits still exists in the unexplored 
and r emote pa r t s of t h e country . 



On t h e o ther h a n d it looks possible t ha t l ow-grade i ron ore could be 
f o u n d in la rger quant i t ies . I t s va lue should be measured in t e r m s of 
p roved q u a n t i t y and qua l i ty as wel l as technology of mining, benef i -
ciat ion a n d meta l lu rgy . T h e r e is no t m u c h prospect to m a k e f r o m these 
deposi ts a n y la rger p rof i t present ly , p rovided the explora t ion n o w in 
course wil l b e negat ive . 

A t th i s t ime the k n o w n i ron ore reserves of t h e coun t ry a re such 
t h a t a ve ry modes t deve lopment could be realized only. Local small-scale 
exploi ta t ion of ore connected w i t h smel t ing a n d m a n u f a c t u r i n g in situ 
migh t p rove pe rhaps economically feasible. F i rs t of all t h e sources in 
Er i t r ea a n d Wollega could m a k e a cont r ibu t ion to the local economy. 

The Er i t r ean deposits deserve pr io r i ty due to f avou rab l e communica -
tions. T h e endeavour to appra i se the feasibi l i ty to use t h e ore of severa l 
exis t ing deposi ts in Er i t r ea f o r t h e even tua l er rect ion of a single p lan t 
m i g h t be pe rhaps usefu l . Fo r th is reason the explora t ion of t h e k n o w n 
a n d potent ia l i ron ore deposi ts in Er i t rea shall con t inue in o rder to clear 
def ini te ly t h e tonnages avai lable . 

As t o t h e manganese deposits k n o w n at p resen t t h e reserve es t imate 
is given in t h e Tab le 6. 

Table 6 6. tabela 

Locality 
Average 
ore-grade 
estimate 
(% Mn) 

Category of reserves 
(tons) 

Measured Inferred 
(min.) (max.) 

Mai Gudo 40 
Ghedem 35 1000 3000 30 000 
Enkafela 50 5000 — 200 000 

The Enkafe l a deposit is t he single one w h i c h deserves a t t en t ion and 
its o re could be placed successful ly t o wor ld marke t . Smal l p roved 
reserves a r e uns igni f icant . T h e f i n d i n g of even tua l n e w rese rves in t h e 
Sa l t p la in ' s m a r g i n a l a r e a s is d u e to sys temat ic geological explora t ion . 

In Ethiopia today the con t r ibu t ion of t h e mine ra l i ndus t ry to the 
na t iona l economy shall be enlarged. To reveal t h e mine ra l po ten t ia l of 
t he country , including t h e f ina l appra i sa l of t h e iron and manganese 
ore deposists, a wel l organized and equiped gove rnmen ta l Geological 
Su rvey shall p e r f o r m well p r o g r a m m e d a n d suppor ted f ield campaigns in 
la rge scale. The compara t ive ly modest economic minera l iza t ions in t h e 
l ight of discoveries u p to th i s t ime should not d iscourage t h e s ta r t ing 
of in tens ive e f fo r t s to asses a n d develop mine ra l resources. There can 
be l i t t le doub t t h a t t he po ten t ia l possibili t ies of f ind ing mine ra l r a w -
mate r ia l s wel l exist in t h e count ry . 
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NAHAJALIŠČA ŽELEZOVE IN M A N G A N O V E RUDE V ETIOPIJ I 

Milan Hamrla 
z 18 slikami, 9 skicami in 6 tabelami 

Doslej poznana naha ja l i šča železove in manganove rude v Etiopij i 
so razvrščena po n a s t a n k u v 5 t ipov oziroma v 3 tipe. Vsako naha ja l i šče 
j e k r a t k o opisano, upoš teva je poleg p rev ladu joč ih av tor jev ih poda tkov 
tud i d ruge vire, zlasti za lokalnosti , k i niso bile p r e v e r j e n e na terenu. 
Naveden j e več inoma le g robo ocenjen velikostni red rezerv. K j e r pa so 
bile rezerve določene podrobneje , so poleg možnih rezerv podane tud i 
ostale ka tegor i j e (5. in 6. tabela) . S t o p n j a raziskanost i naha ja l i šč j e močno 
različna. Anal izni poda tk i so vzeti iz razpoložlj ivih virov, novejše analize 
pa so bile izvedene v kemičnem labora to r i ju Minis t rs tva ruda r s tva 
v Addis Ababi . 



Rela t ivno n a j b o l j p o m e m b n a so m e t a m o r f n a in m e t a m o r f n o -
metasorna tska naha ja l i šča boga te r u d e v provincah Er i t r e j i in Wollegi. 
Gre za m e t a m o r f o z i r a n a p r e k a m b r i j s k a p rvo tno sed imen ta rna ležišča. 
Dimenzi je r udn ih teles so s k r o m n e in zaloge re la t ivno m a j h n e . 

Številčno p rev ladu joč i t ip p r eds t av l j a j o naha ja l i šča nas ta la z delova-
n j e m meteorsk ih voda, ki so izluževale vu lkanske ali d r u g e železo vse-
bujoče kamenine . Železo se j e v g l avnem koncent r i ra lo v l a te r i t sk ih p r e -
pe r inah ali v d r u g e m p r i m e r n e m okolju. N a j b o l j obsežna naha ja l i šča 
tega t ipa so v Er i t re j i t e r u t egne jo bi t i zaloge n izkoprocentne r u d e znatne. 

Zanimivo naha ja l i šče železove in m a n g a n o v e r u d e G h e d e m je nas ta lo 
z de lovan j em vročega vrelca v b l ižnj i geološki preteklost i . Zaloge so 
m a j h n e . 

V i soko tempera tu rna naha ja l i šča so brez vsakega pomena , po jav r u d e 
domnevno m a g m a t s k e g a izvora pa j e še nep reve r j en . 

Visokoprocentna r u d a j e magne t i tno -hemat i tna , sicer pa p r e v l a d u j e 
bol j ali m a n j onečiščen l imonit . 

Manganovo r u d o n a j d e m o povsod v zvezi z eksogenimi železovimi 
r u d a m i pa tud i na Ghedemu. Vsi t i po jav i so ekonomsko zelo ma lo po-
m e m b n i . Doslej j e z n a n o le eno naha j a l i š če m o r s k e g a sed imen ta rnega 
nas t anka , v e n d a r zelo sk romnih d imenz i j in rezerv. Ni izkl jučeno, da je 
r u d e več. 

Za p r i m e r j a v o je nan izan ih n e k a j poda tkov o analognih naha ja l i šč ih 
železove in m a n g a n o v e r u d e v sosednj ih deželah. 

Za rad i m a j h n i h količin zalog in d rug ih neugodnih f a k t o r j e v je na 
podlagi s eda j znan ih poda tkov l e ma lo možnost i za ekonomsko- u p r a v i -
čen r azvo j železars tva v Et iopi j i v obsegu, p r e d v i d e n e m v d r u g e m 
5- le tnem p lanu dežele. Razvoj m a j h n i h lokaln ih r u d a r s k i h in topi lniških 
obra tov , p r e d v s e m pr iva tn ih , pa j e možen. 

V splošnem pa j e Et iopi ja geološko ma lo raz iskana ter j e n j e n p rav i 
minera ln i potencial še prece j neznan. Dokončna ocena t u d i železovih in 
m a n g a n o v i h naha ja l i šč bo možna šele, ko bodo izvedene vse po t rebne 
geološke in d ruge raziskave. 


