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Several central volcanoes are present along the axial portion of the rift, which offered

opportunities for potential geothermal resource investigations. The Gedemsa caldera,

which is a Holocene volcanic complex in the central sector of the Main Ethiopian Rift

(MER), is among those promoted for detailed investigation. Results of these

investigations have, inturn, generated great interest in studying epithermal phenomena

related to these volcanics. However, studies aimed at delineating epithermal-type

mineralization of precious metals (mainly gold) within the MER is a relatively recent-

phenomena. The present work deals with preliminary geological and geochemical

exploration for these occurrences within the Gedemsa caldera.

Propylitic, potassic and silicification with minor argillic alteration characterize the

Gedemsa Caldera. In addition to field observations, alteration is diagnosed by the

presence of mineral assemblages including epidote/chlorite, calcite, quartz, k-feldspar,

and oxides with some clay minerals. Ore minerals observed include pyrite, chalcopyrite

with malachite/azurites, magnetite and hematite. Features indicative of epithermal

activities include deposition of fine silica in the oxidized pumiceous deposits, and the thin

veins of chalcedonic quartz and k-feldspar, which are intensely brecciated together with

the enclosing wall rock. Occurrences of several active thermal manifestations are also

known along NNE fault lines immediately outside the caldera.

A total of 79 samples (stream sediment, soil, rock/chip and drill cutting) have been

assayed (ICP-MS) for Au, Ag, As, Sb, Tl, Te, Pb, Zn, Cu, Mn, U and other trace

elements. Statistical parameters were computed in order to define the threshold value and

to separate background from anomalous ones. Anomalous values for most elements are

concentrated along the E-W running central chain of hills and at the vicinity of NNE-
SSW trending faults both in the western and eastern part within the caldera. In terms of

average crustal abundance, the surveyed region is of relatively higher background content

for Au, Ag, Zn and Mn. Analyses of rock/chip and drill cutting samples (ICP-MS) from
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Gedemsa range in value from 0.1 to 4.16 g/t Ag and from hundreds of ppb to 0.375 g/t

Au, respectively. Gold values between 100-200 ppb are quite common throughout the

geological profile as observed from drill hole section. The occurrence of many high gold

intervals (zone) within the geologic sections reflect-different levels of mineralization. On

the basis of alteration mineral assemblages and the Ag/Au ratios, a low sulphidation type

of epithermal system is suggested. A preliminary reserve estimation of the gold

disseminated in the upper porous pumice is discussed.

From the results obtained in this work, evidence for the presence of ore-forming

phenomena is positively identified, and the study, the first of its kind, offers the

preliminary results of the investigation on the occurrences of epithermal type

precious(Au and Ag) metallic mineralizations in the Gedemsa caldera.
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1. INTRODUCTION

1.1. GENERAL

The Ethiopian Rift valley is characterised by the presence of huge amounts of

lavas and ignimbrites, which are often associated with central volcanoes

containing large summit caldera. The Gedemsa volcano is one of the best-

preserved recent (0.8 to 0.1 Ma) (Bigazzi et al., 1981, Elc & EIGS, 1987)

volcanoes in the central sector of the Main Ethiopian Rift. It is built up of acid

lavas and pyroclastics, and is characterised by a polygenic caldera resulting

from large pyroclastic eruptions. In the MER, tectonic movements are still

active as confirmed by numerous young faults and intense seismicity of the

whole region (Di Paola, 1972).

Many authors (e.g., Franco Pirajno, 1992;Bethke et al., 1985) suggest that

continental rift systems in general, including the MER, are accompanied by

voluminous subaerial intracratonic volcanic activities, which would generate

fossil and active geothermal systems that are among the favourable settings for

"epithermal" precious type gold and associated base metal mineralizations. It is

now widely recognized that these epithermal systems have originated from

fossil or active geothermal systems, connected with the terminal phases of

subaerial volcanic centres. These active geothermal systems are commonly

found in areas of recent tectonic and igneous activities at plate boundaries, and

most geothermal fields are infact associated with volcanic structures - in

particular calderas - at both convergent margins (volcanic arcs) and

intracontinental divergent boundaries (rift valleys).

In regards to the above facts, the Gedemsa caldera, being supported by the

results of its volcanologic, tectonic and geothermal studies, has become one of
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the possible target areas for investigation of epithermal gold occurrences in the

MER. However, no geochemical exploration has been carried out in the area for
its economic importance, which implies that the area is at all virgin as far as

mineral exploration is concerned.

On this basis, a preliminary geochemical exploratory survey was carried out in

the Gedemsa caldera with the aim to determine epithermal gold potential in the

area.

The fieldwork, which was carried out in a period of eight weeks, covered an

approximate surface area of 80 km2 including,

- A geological mapping at a scale 1:50 000,

- Stream sediment sampling (L5 samples),

- Systematic soil sampling ( 25 samples),
- Rock sampling of main rock formations in the surveyed area for

petrographic studies ( 20 samples).
- Rock/chip sampling for chemical analysis (10 samples),

Samples have been analyzed in the EIGS and Cagliari University laboratories

using AAS & ICP-MS methods. Petrographic analysis and sample preparation

for chemical analysis were done in EIGS lab.

Geological and geochemical maps were prepared for each survey type

mentioned above at a scale 1:50000, and data processing and interpretation

were aided by computer programs.
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1.2. LOCATION AND ACCESS OF THE STUDY AREA.

The Gedemsa caldera is situated in the central sector of the Main Ethiopian

Rift (MER) (fig. 1) about 25 km south west of Nazret town close to the

eastern rift margin. It lies between 39° 08’- 39° 13’E and 8°19’N - 8°24’N.

The area is bounded to the north by the Awash River, to the west by the

lake Koka and to the east by Wonji Sugar Plantation.

The nearest town to the study area is Wonji town, which is located about

20 km SW of Nazret with a few thousand inhabitants. Many scattered

villages are found within the caldera, and local inhabitants live on a small-

scale farming (mostly com and teff) and cattle breeding as their means of

subsistence.

Access to and within the area is fairly good. Two dry-weather roads lead to

the are: one which starts from Wonji Sugar factory rising to the north

eastern rim of the caldera and another one that runs from Wonji town to the

western side of the caldera. Within the caldera access is possible only with

a four-wheel drive vehicle, except the central volcanic chain. Numerous

gorges especially in the eastern sector impose some difficulties. The

northern part of the caldera is relatively easy to access, while in the south,

the presence of gorges and fresh blocky lava out crops sharply limit

accessibility.
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Fig.1 Location map of Gedemsa area
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1.3. SURFICIAL ENVIRONMENT

1.3.1. Topography and Landscape

The Gedemsa caldera is a large volcanic depression about 10 kins in

diameter and with the rims reaching a maximum altitude of 1950m. It has

an almost flat floor, slightly tilted to the North, with elevation ranging

between 1740 & 1630m above sea level. The central part is occupied by E-
W running irregular chains of hills, locally named Itissa, which resulted

from the coalescence of several volcanic edifices. One of these volcanoes,

sited at the eastern edge of the chain, contains an explosion crater (Kore

crater) being perfectly preserved with a diameter of about 1km and an

average depth of 100m. The rim of the caldera is well preserved in three

sides having vertical inside walls with a height of 100-200m. Only a small

section of the NW rim is not recognized ,

1.3.2. Drainage

The drainage system is poorly defined where watercourses have, as a rule, a

temporary character and very limited extent, often disappearing in the

ground (fig.2). Tectonic features, as clearly shown in the eastern sector of

the caldera where streams run along faults, regardless of the topographic

slopes generally control their direction. However, few streams in the

central part follow topographic slopes.
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1.4. CLIMATE AND VEGETATION

The area has warm, temperate climate with mean annual rainfall of

800mm and means annual temperature of 20.9°c (National meteorological

service Agency, 1970).
The vegetation in the study area is sparse and mostly of thickets and

wood plants, with scattered small shrubs and low acacia trees in a ground

cover of annual and perennial grasses and herbs.

1.5. PREVIOUS WORK

} !

Several authors (e.g. Mohr, 1967; Di Paola, 1972; Baker et al., 1971;

Merla, 1972, etc,) have given an account of the volcanology, geology and

tectonics of the area around Gedemsa caldera.

These studies demonstrated that the Gedemsa volcano is built up during

various phases of explosive and effusive activities all of which are

characterised by the emission of acidic lavas or, more commonly,

pyroclastics.

' Di Paola (1972) mentioned briefly the geology of major units of the

volcanic centre and indicated the presence of dextral dislocation

associated with the normal movement. He has also mentioned that weak

traces of fumarolic activities are visible at the base of the western rim of

the caldera, on a small pumice cone in the west.

6



Thrall (1973) described and classified the volcanic products on the basis
of field characteristics and analytical (major element) data. He suggested
a foundering of a large part of the core along a cylindrical fault, as a cause
for the collapse of the caidera rather than outpourings of ignimbrites and
pumice falls.

EIGS and Elc (1987) have made a geothermal reconnaissance study of
selected sites of the Ethiopian rift system, one of which is the Gedemsa
caldera. They suggested that the caldera was formed through ignimbritic
eruptions and attributed a phreatomagmatic origin to the kore crater.
Furthermore, a probable ages of the Gedemsa caldera and the Ittissa
domes (the last silicic episodes) were given as 0.8 - 0,5 Ma. and 0.2 - 0.1
Ma, respectively.

The subsurface geothermal resource of the area has also been investigated
(Solomon, 1988) by two exploratory wells with an average depth of 180
Mts. The stratigraphies of the two wells have been reported and consist
of volcanic and volcano-sedimentary sequences (fig.12 and 13).

Dereje (1994) and Peccerillo et al. (1995) suggested plinian pumice and
ignimbritic eruptions to be responsible for the collapse of the Gedemsa
caldera, the former being the main cause. On the basis of geochemical

data (major & trace element variations), the above authors have suggested

that the rocks of Gedemsa (predominantly acidic volcanic with minor
mafic occurrences) have originated from crystal or liquid fractionation
starting from mafic parental liquid, possibly with some interaction with

crustal wall rocks.
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2. GEOLOGY

2.1. REGIONAL GEOLOGY AND TECTONICS

The Gedemsa volcano is found in extensional tectonic setting in rift where

voluminous volcanism occurs. The East African Rift System is one of the

most interesting continental rift areas. The Ethiopian Rift valley is an

important part of this structure owing to its junction, in the Afar depression,

with the Red Sea-Gulf of Aden oceanic mega structure, where sea-floor

spreading is taking place (Di Paola, 1972).

The Main Ethiopian Rift (MER) is a half graben, which transects the uplifted

Ethio - Somali plateau for about a length of 700 kms. It has an average width

of 70-80 stretching NNE, from the Ethio- Kenyan border in the south to its

junction at the Afar depression in the north (Baker et ah, 1972; Merla et ah,

1979). It is well exposed by a series of step faults in most parts of the margins,

producing remarkable differences in altitude (~1 OOOmts) between the plateaux

and the rift floor. All these faults are normal faults which trend NNE,

arranged in en-echelon patterns. The differing tectonic style existing between

the eastern and western escarpments makes the MER asymmetric, i.e., the

eastern escarpment of the MER is morphologically well expressed by the step

faults with significant throw as compared to the western, where the boundary

between the rift floor and the plateaux is rather gradual and often subdued (Di
\

Paola, 1972).

•vThe floor of the MER is affected by a narrow belt of active faulting and

volcanism, which is referred to as the Wonji Fault-Belt (Mohr, 1967). These

8
















































































































































































