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Abstract

The high grade and low-grade metamorphic rocks with volcano sedimentary varieties and associated
intrusions are the main characteristic geological formations of Eastern and south Eastern Ethiopia.
The Mozambique and higher-grade metamorphic rock that dominated in the four parts of Ethiopia
have limited exposure in the eastern Ethiopia. The Soka iron mineralization area was located in
the Harerghe, Oromia Region, Eastern Ethiopia. Generally, the current study area is situated in
the south west of Harer town. The primary objective of this study was to delineate the geology and
mineralogy of iron ore occurred in Soka locality. The objective of this research work is achieved
using geological mapping with selective representative ore samples assisted by trenches and pits
as working methodologies. The genetic type of iron formation and the host rock of the study area
was understood from the field work investigation conducted in the area. The Soka locality iron
mineralization is characterized as a vein-related iron formation that hosted within the basement
rock of the area. Primarily low to medium grade of biotite, amphibolite schist, and quartzite are
the main geological formation of Soka and surrounding areas. The average iron oxides like (Fe,0,)
contents in Soka were 53.42%, with a wide range of variation from different samples. The Soka iron
mineralization mineralogical compositions are studied from the ore microscope analysis and the
dominant ore constituents of analyzed iron ore body are hematite, magnetite and altered goethite
assembeledge.

Keywords: Mineralogy; Vein Type Iron; Geological Formations

Introduction

Geology of the southern and south eastern part of Ethiopia is characterized by the high grade
and low-grade metamorphic rocks with volcano sedimentary varieties were explained accordingly
[1-11]. The iron mineralization of eastern Ethiopia is studied from the ancient time by the work
of geological survey of Ethiopia [12, 13]. The Mozambique and some associated Arabian Nubian
shields are the geologic provinces of eastern Ethiopia with little exposures of formation. This part of
the country contains different mineral recourses the metallic and industrial mineral commodities
including iron. The sedimentary and associated volcanic with metamorphic varieties of the
region where the most suitable rock unites that can be used to host iron mineralization in the
area. Concerning economical point of view iron ore in the hematite deposit form is very easy to
extract and currently exploited concentration all over the world. The sedimentary and associated
metamorphic rocks of east and west Harerghe are possibly suitable for this iron ore mineralization as
a reconnaissance investigation [14]. The Harerge area and its surrounding areas were characterized
by diverse geological formations and govern generally hot - occasion-ally cold climatic environments
with timely changed weather condition of the region [15-17].

Location of the area

The location and accessibility of study area is found in the Eastern part of Ethiopia. It is accessed
through the main asphalt road of Addis Ababa - Adama- Welenchite - Awash - Harer about 530km
distance. The target areas are far from Harer town about 122 km at Soka (Figure 1).

Physiography and drainage systems

Physiographic condition of eastern part of Ethiopia is mainly characterized by the highest
and very low topographic arrangement. The various highest and medium mountainous and very
deeper Rmise valleys are typical physiography of the study area and surroundings. The valley and
associated with the highland landscape formation with its seasonally variable climatic variability
was indicated by [18]. The general physi-ographic and geomorphologic configuration of the study
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Figure 1: Location and accessibility map with main river pattern of the study area.
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Figure 2: Physiography and geomorphologic landscape of the study area.
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area and surroundings are shown from Figure 2.
Objectives

The main objective of this research work is to delineate the
geologic formation of the area and mineral compositions of Soka iron
ore occurrences.

Methodology

The above objective of the work is achieved through dif-ferent
technical works and approaches. The most approaches are:

Geological mapping: Geologic formations of the study area and
surroundings are understood and mapped suitable scale. Geology
of the area is covered by simple traversing lines across the strike
direction of regional formation. Geological mapping of the area is
conducting through sampling of the rock depending on composition,
color, degree of weathering and other variability. Geological mapping
of the study area is technically assisted by1-Pitting, 2-Trenching.

Those explanatory geologic workings are associated with
sampling. Pitting and trenching activities are used to know the sub
surface geology of the study area and vertical thick-ness of the rock
as well as overburden soil with its variability condition. Number of
trenches were excavated in the area is 2 with 15m length and 2m

depth each to remove the surficial overburden covers for the iron ore
body. Three pits were dugged for cropped out the covered ore body.

Geochemical analysis: Geochemical study of rocks is very
important method of analysis to know the chemical and other physical
properties of rocks and other geologic materials. Geochemical analysis
of iron ore body and the host rock used to evaluate the quality of iron
and to understand its genetic formation as well as the mineralization
mechanism. Rock and mineral geochemical study gives clue about the
geologic environmental study. The degree of weathering and chemical
including the physical alteration is interpreted from the chemistry of
rock. Geo-chemical analysis of rock is essential for examination of
anomalous concentration in the earth’s crust materials. Minerals have
selective concentration nature during the geological processes and
different ore formation. These properties of elements are understood
through studying and analyzing the geochemical behaviors of specific
elements.

Major element analysis: The major elements of rock and iron
ore samples are studies. The oxide form of the elemental composition
is analyzed from selected samples. Major oxides of the iron ore are
important to get information on the processes of iron mineralization.
It is very important to know the concentration of iron elements from
the total oxide form. Major elements of the rock and ore body give
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altered).

Figure 3: Micro photographs of soka iron ore samples (mineral compositions of mt = Magnetite intruded to the hematite, hm = Hematite and gt = Goethite oolitic

Table 1: Major oxide analysis of Soka area iron ore body sample and surrounding various rock types.

Field No Sio, AlO, Fe,0, Cao MgO Na,0 K,0 MnO P,0, Tio, H,0 Lol
SKPX 49.62 13.86 12.96 9.22 6.9 36 05 0.14 0.2 1.84 0.1 2.04
SKQ 94.92 0.76 1.06 1.36 <0.01 <0.01 <0.01 <0.02 <0.01 0.06 0.42 12
SKMR3 3.14 0.32 0.56 30.74 20.14 0.18 <0.01 0.18 0.06 0.06 043 | 4492
SKT1Q1 97.98 0.94 0.76 0.72 0.3 0.06 <0.01 <0.01 <0.01 0.02 0.33 <0.01
SKM2 5.2 6.18 812 08 3.1 <0.01 <0.01 0.04 0.06 0.18 0.89 361
SKP3M1 5.98 4.98 79.1 0.88 4 <0.01 <0.01 0.02 0.04 0.06 041 34
SKT1M2 9.88 4.68 78.84 074 3.1 152 <0.01 0.04 0.02 0.08 0.48 1.23
SKP2M1 28 234 87.84 0.68 2.63 <0.01 <0.01 0.04 0.1 02 0.56 2.88
SKT1M1 53 53 82.22 07 2.48 <0.01 <0.01 0.06 0.06 0.26 3.46 1.32
SKM3 3.66 6.22 82.22 0.66 3.6 <0.01 <0.01 0.04 0.04 0.16 0.35 2.2
SKH2 29.38 0.94 55.98 0.62 0.16 <0.01 <0.01 0.04 0.14 0.08 23 9.07
SKM1 3.8 5.18 81.76 0.66 3.7 0.48 <0.01 0.04 0.04 0.26 0.37 2.65
SKH1 36.04 6.68 50 <0.01 0.84 1.12 <0.01 <0.01 0.04 0.6 0.82 5.1
Average 26.75 45 53.42 3.98 4.25 1.16 05 0.064 0.073 03 0.84 6.64

clue for the mineralization mechanism and different physic chemical
alteration as well as oxidation processes. Lighter mineral mobilization
and corresponding denser concentration and deposition of the
process are understood from the oxide element analysis. Major
element study is critical to know the iron mineralization formed by
especially laterite mineralization processes.

Physical study (Bulk density): Bulk density (apparent density)
is a material property that measures the weight of materials per unit
of volume. The bulk density of the rock is describing the weight of
sedimentary rock grain or crystals (igneous and metamorphic rock).
Bulk density of a rock is essential for information of ore reserve
calculation of mineralization.

Mineralogical analysis: (i). Polish section study of the Soka area
iron ore

Polished section of iron ore body is prepared from collected field
samples to identify and analysis the constituent mineralogy of the

ore body. The mineral contents of the ore body were studied under
the light reflecting ore microscope. This methodology is used to
understand the main constituent mineralogy, type and texture as well
as distributions of the ore in relation to the host rock. Analysis of
the ore mineralogy using polished section of the ore is important to
understand the mineral Para genesis and associated gangue minerals
of iron ore. Mineralogical assemebelge (order of formation) is will be
identified and described from the ore polished section petrography.
The mineralogical assembeledge studied from the polished section
ore sample under the reflected light (ore) microscope. The dominant
mineralogical constituents are hematite, magnetite and altered minor
goethite. The hematite mineral is show replacing the magnetite ore
at the grain boundary. The magnetite ore is characterized by the
dark gray-brown color, an isotropic and low reflectance with cubic
crystal under ore microscope description. The textural descriptions
of magnetite mineral from the ore microscopic study are inclusion
form within the abundant constituent ore of hematite. The field
investigation work for the area the iron mineralization of vein type
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is clearly confirmed from the ore morphology and textures observed
under reflected light 9ore) microscope. The polished section ore
sample and mineralogical assembeledges are shown below (Figure 3).

(ii). Chemical analysis of Soka area

The geochemical characteristic of the study area by its major
oxides of the host rock and iron ore samples. The laboratory analysis
was done for iron ore, carbonate rocks and all surrounding rock
of the area. The concentration of iron oxide is high and relatively
medium content of aluminium oxide for the hematite and magnetite
ore samples. Therefore, the iron oxide (Fe,O,) content in the Soka
locality varies significantly, ranging from 0.56% to 87.84%, with an
average of 53.42%. Silica (SiO,) content fluctuates between 2.8%
and 97.98%, averaging 26.75%, suggesting varying levels of gangue
material. Alumina (AL,O,) content ranges from 0.32% to 13.86%, with
an average of 4.5%, indicating relatively lower impurity (Table 1).

Geology of the Area

The geological formations within the study area and its
surroundings are primarily composed of crystalline basement
rocks, Mesozoic sedimentary formations, and Quaternary volcanic
rocks. The dominant lithology in the study area consists mainly
of sedimentary formations and recent volcanic deposits. Iron
mineralization occurs in different localities within the study area, with
its geological association primarily linked to sedimentary formations
and low- to medium-grade metamorphic rocks. The sedimentary
formations host laterite iron deposits, while the metamorphic rocks
contain vein-related iron mineralization and marble-hosted iron
deposits. Marble is one of the surrounding rocks exposed as a vein
crossing the surrounding biotitic, quartz and amphibolite schist
variety of rock. The presence of biotite, hornblende gneiss and
granulite metamorphosed rocks with associated gronodiorite and
tonalite intrusions formation of the study is studied by the work of
[19].

Soka area

The Soka iron mineralization is situated within the Ramis Valley
in eastern Ethiopia primarily localized in the basement rock of the
region. The iron resource is concentrated in a limited area and is
mineralized within quartz veins that resemble dykes cutting through
the country rock. The sur-rounding rock formations include biotite,
mica, and amphibolite schist, with occurrences of floated quartzite.
The iron ore mineralization of Soka is occasionally surficial exposed
as boulders and iron cobbles and not well exposed through-out the

area. It requires excavations of geological explanatory works such as
pitting or trenching to crop out the mineralized zones beneath the
overburden. Generally, the characteristics of Soka iron mineralization
vein type and ore is ex-posed northeast and south west end specific
low grade metamorphosed biotite and amphibolite schist dome of
the area. Iron mineralized dome is cross cutted by carbonate rock
of light grey marble. The biotite and amphibolite rock of the area
is highly foliated and dipping to the north east and horizontal - sub
horizontally bedded as shown below. The iron ore mineralization
of Soka area show magnetite characteristic in the field as the trench
sample is tested by magnet (Figure 4-6).

Results and Discussion

The research area was investigated by the field observation and
final data analysis and interpretation. The field observation for the
area gives clue about the iron mineralization mechanisms during
the intrusion of the quartz vein and carbonate (marble) across the
biotitic amphibolite schist rock. the possible iron ore formation is
iron bearing magmatic fluids are injected to the low- medium grade
and surrounding carbonate rocks through fractures and joints of the
area. The magnetite ore observed from the ore microscopic study is
characterized by the secondary cross cutting ore in to the hematite
and replacement of the same iron ore. This outcome indicates that the
magnetite iron ore mineralization that cropped out by explanatory
trenching work is vein filling ore during the magmatic emplacement
or mineralization taken place by the hot fluids circulation through
the fractures and other open spaces of deformed rock of the area. The
goethite ore is another mineral composition of analyzed ore sample of
the study area. It is spherical altered which indicates the hematite ore
of the area is surficial oxidized and possibly latterized by continues
surface geological processes.

Conclusion

The iron occurrence exploration work conducted in the Harerghe
area, eastern Ethiopia involved geological mapping with pitting
and trenching activities four Soka locality. The geology of the iron
deposits is mainly characterized by varieties of sedimentary -
metamorphosed rock formations. The Soka iron mineralization is
primarily hosted within the quartz vein and associated basement
rocks, specifically within the metamorphic low to medium-grade of
the area. The quartz veins and carbonate rocks were also found in the
vein form with discordant (across the country rock) orientation to
the surrounding schist. The average iron oxide (Fe,O,) content of the
Soka was notably higher about 53.42%, but also displayed significant

Soka area.

Figure 4: Varity form of iron ore body (exposed as boulders, gravels of iron fragmentation, vein type magnetite from the trench and surface floated) exposure of
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exposure of Soka area and its surrounding rock.

Figure 5: Foliated and tilted surrounding rock of the area (A) and sub horizontal to tilted low grade metamorphosed of (B) biotitic - amphibolite schists rock
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Figure 6: Different lithological formations and vein type iron mineralization and surface occurrence map of Soka area.
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variability throughout the samples. The ore microscope study for
selected iron ore body samples reviles that the main mineralogical
assembeledge of the study area is hematite, magnetite, and limited
goethite compactions.
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