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Abstract 

Petrographic, Major-and trace –element results are presented for granitoids from Berguda 

area which is located in the Mozambique Belt of southern Ethiopia. Based on field studies, 

petrographic and geochemical investigations two distinct types of granitoid intrusion were 

recognized: 1) the Wolena Bokosa Granitoid (WBG), 2) And Hida Korma Granitoid (HKG). 

In general, despite their compositional variations both groups are similarly characterized by 

equigranular, porphyritic and medium grained texture. These groups have intruded the 

hornblende-biotite gneiss and the Magnetite-quartz-feldspar gneiss. The Wolena Bokosa 

granitoid (WBG) is dominantly syenogranite and monzogranite and characterized by high 

silica content (from 73.38-79.38 wt% SiO2) and wider alumina values ranges from 10.68-

14.81 wt% Al2O3. It has relatively high molecular A/CNK (ASI) values (i.e. 0.99-1.05), 

scattering major- and trace- element trends, high Rb/Sr ratio (1.96 on avarage) with low 

contents of CaO, MgO, Fe2O3, TiO2 and P2O5. It is shoshonitic to high k-calc alkaline, weakly 

Peraluminous, dominantly alkali-calcic and more felsic I-type granitoid. The Hida Korma 

granitoid (HKG), which is composed of monzogranite and granodiorite and characterized by 

moderate silica content ranges from 66.02-69.26 wt% SiO2 and high alumina values which 

ranges between 13.21-14.61. Similarly, HKG is Ferroan (Fe-enriched), I-type, calc-alkaline 

affinity and shoshonitic to high k-calc alkaline. But it has relatively low molecular A/CNK 

values (i.e. 0.86-0.96), linear major- and trace- element trends, low Rb/Sr ratio (0.71 on 

averages) with high contents of CaO, MgO, FeOt, TiO2 and P2O5, more mafic I-type with 

metaluminous and alkalic to alkali-calc granitoid type. I-type character for both groups 

indicates that all of them are derived from a comagmatic source as a result of fractional 

crystallization and mineral differentiation. The enrichment in most incompatible elements as 

well as substantial positive anomalies in Rb, Th, K, Pb, Zr and significant negative in Sr, P, 

Ti, Nb,  in both groups  reflects the involvements of crustal source in their genesis. WBG is 

generated  in volcanic arc or post-orogenic tectonic setting while HKG is generated within 

plate or late-orogenic tectonic setting. 

Key words: Petrology, Geochemistry, Metaluminous, Peraluminous, granitoid, I-type 

granite, Berguda. 
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  CHAPTER ONE 

1. INTRODUCTION 

1.1 Background 

The Precambrian rocks of the Horn of Africa are key area for the Geology of East Africa, by 

their geographical position. The most important East African Orogenic Belts (Stern, 1994; 

Stern and Kroner, 1993), relevant to the geology of Ethiopia are the Mozambique Belt (MB) 

(Holmes, 1951) and the Arabian Nubian Shield (ANS) (Abdelsalam and Stern, 1996) (Fig. 

1.1). Based on Lenoir et al. (1994) both MB and ANS are Orogenic belts in Eastern Africa 

and they were separated during the Pan-African time, which is a tectonothermal episode in 

the context of the geology of Africa. Geographic position, contemporaneous development in 

the bracket of Pan-African age (900-500Ma) (De Wit and Chewaka., 1981; Almond, 1983) 

and rock geochemistry typical of destructive plate margin (Holmes, 1951; and Stern, 1994). 

The relationship between the roughly contemporaneous high-grade metamorphic 

Mozambique Belt and the low-grade Arabian-Nubian Shield in northeast Africa is still a 

subject of debate (Key et al., 1989). Understanding the geodynamic and temporal evolution 

of these two terranes, therefore, is a key to understanding the whole Pan-African orogeny in 

northeast Africa (Asrat and Barbey, 2003). The outcrop of the Arabian-Nubian Shield and 

Mozambique in adjacent terrains in Ethiopia provides the best opportunity to address and 

contribute to solve this problem (Vail, 1976; Kazmin, 1976; Bonavia and Chrowicz, 1993; 

Asrat and Barbey, 2003). 

 

Metamorphic terranes of Ethiopia include metamorphic and associated intrusive rocks that 

make up about 25% country landmass (Vail, 1983; Berhe, 1990; Abdelsalam and Stern, 

1996). These rocks have been studied for the last three decades (e.g., Kazmin, 1971, 1975; 

Kazmin et al., 1978; Beyth, 1972a; De Wit and Chewaka, 1981;  Ayalew et al., 1990;  

Alemu, 1998;  Tadesse , 1996;  Tadesse et al., 1997,  Alene et al., 2000, 2006;  Asrat et al. 

,2001). The Precambrian of southern Ethiopia occupies an important tectonic position within 

the Pan- African Mozambique Belt and the Arabian-Nubian Shield, which together form the 

East African Orogen (Stern, 1994).  
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The Berguda granitoid batholith is located in southern Ethiopia and covers an area of 

approximately 275Km
2
. The previous workers (e.g., Worku, 1996; Yibas, 2000; Piccerillo et 

al., 1998) provided that the geochemical signatures of the granitoids range from subduction 

related, an orogenic granites generated by remelting of the continental crust and syn-

collisional granites with island arc affinity to post tectonic. Granitoids ranging in 

composition from intermediate to acidic are widely spread in southern Ethiopia. Based on 

field relationship and geochemical criteria, they are subdivided in to pre-, syn-, and post- 

collisional granites (Worku, 1996; Woldehaimanot and Berhmann, 1995a; Piccerillo et al., 

1998; Asrat et al., 2001; Asrat and Barbey, 2003). 

 

This research work aims to investigate the petrology and geochemistry of Berguda granitoid 

to constrain the petrogeniesis of the intrusion. 
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Figure 1. 1 Distribution of the low-grade volcano-sedimentary sequences of the ANS and 

high-grade gneisses and migmatites of the Mozambique Belt in Ethiopia (taken from Asrat et 

al., 2001). 
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1.2 Description of the study area 

1.2.1 Location and accessibility 

Berguda area is located in West Gujii zone of Oromia National Regional State, Southern 

Ethiopia, about 30 km west of Bule Hora town (Fig. 1.2). It is about 497 km south of Addis 

Ababa. The study area is geographically located between 5  23  0.2 -5  32  46.2   E latitude and 

37  57  10.3 -38  2  2.6  N longitude covering an area about 162 Km
2.

.  The Addis-Awassa-

Moyale asphalt road is the principal high way pass through the Bule Hora town and there is 

another dry weather-road starting from Bule Hora town to reach the study area.   

 

Figure 1. 2 Location and accessibility map of the study area 
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1.2.2 Vegetation and Climate of the study area 

The distribution of the vegetation cover in the area is the function of altitude; that is, 

continuous, dense and grass with thorny shrubs, wild sisals, and scattered small trees, mostly 

deciduous and acacia cover most part of the lowlands. Thick forests are common along the 

course of intermittent streams. The types of plants found are Podocurpus, Juniperous, Olea, 

Wanza and Eucalyptus. In additional, this area is covered by almost thick forest, mostly 

southern, western, and north western portions. As a result, geological traversing was difficult 

and well exposed outcrop is rare. Climatic condition of the study area is varies from season 

to season. For instance, wet climate condition start from April to August (spring to summer). 

It is hot during day and cold during night time especially in winter season. But, slightly hot 

and cold during day and night in summer, respectively. This season is wet and comfortable 

for both human being and animal life because suitable climate condition. 

1.2.3 Physiography of the study area  

Berguda area lies within the highland and lowlands of the crystalline basement of southern 

Ethiopia, and is characterized by variable valley and rugged topographies. It has a 

topographic expression of wave like structure ridges with remarkable elevation difference, 

the highest point being 2361m above sea level at west of Gale-Sake and south of Dokonu 

small town, and the lowest is 1830m at the alluvium deposit of Mekela town. Some of the 

ridges show abrupt topographic change forming vertical cliffs. For instance, Hubune Ridge at 

the north west of Mekela town. Most of outcrops are fairly weathered blocks and boulders, 

while expositions in mountain escarpments and waterfalls are scarce. As a general, Berguda 

granitoid batholith exposures are characterized by mountains with elevations of up to 2361m, 

alternated with different types of valleys (Figure 1.3), while flatlands with elevation around 

1830-1870m define areas dominated by alluvium deposit.   
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Figure 1. 3 Physiography of the study area 

1.2.4 Human settlement and land use 

Population density is high in small town distributed throughout area and Suro Berguda town, 

capital city of the Suro Berguda woreda. The inhabitants are Gujii Oromo ethnic group. The 

Oromo language is widely spoken, being the language of Oromo Gujii ethnic group. They are 

basically depending on farming and livestock breeding. Some of they are merchants of cattle, 

camels, goats and sheep. Cultivation maize, wheat, teff, sorghum, coffee and enset are the 

most widely practiced and other fruit trees are being developed. Artisanal mining activities 

were recovering gemstones such as ruby, berly, emerald and tourmaline by panning which is 

generating substantial income for the local community. Generally, the people live in scattered 

settlements except small town distributed throughout study area. 
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1.3 Statement of problem 

Granites are shown to be excellent geochronological, structural and geodynamical markers 

within the Pan-African orogeny in north-east Africa consists of the Arabian Nubian Shield 

(ANS) (Low grade metavolcanics and metasediments) and the Mozambique Belt (MB) 

(Predominantly high grade gneiss) (e.g. Harris, 1996; Bouchez et al., 1997; White and 

Chappell, 1983; Pearce et al., 1984; Whalen et al., 1987; Barbarin, 1990, 1999; Kazmin et al., 

1978; Asrat et al., 2001; Yibas, 2000; Asrat and Barbey, 2003). On other hand, well-defined 

granitoid types may be used as geotectonic tracers to reconstruct past geodynamic conditions, 

albeit with caution because some granitoid may result from local conditions in a general 

scheme of geodynamic setting (Lemayre and Bowden, 1982). Furthermore, according to 

Brown (2013) granitic melts may be derived solely from crustal components as well as may 

form from evolved mantle derived melts (Pearce et al., 1984; Negue et al., 2015; Kershaverzi 

et al., 2014).  

 

As far as we know, the term “granitoid” is often loosely applied to a wide variety of felsic 

intrusive rocks. It is most abundant plutonic rock in the upper continental crust. Because of 

their diversity, they have been the subject of considerable study and controversy for over two 

hundred years (e.g., Asrat and Barbey, 2003). It is not a rock which was simple in its origin 

but might be produced in more ways than one. Granitoids are diverse, with origins in both the 

mantle and crust (Barbarin, 1990: Pearce et al., 1984 and Bowen, 2013). Because of its 

complexity of source materials, petrologists have relied upon geochemical classification to 

distinguish between various types of granitoids (Frost et al., 2001). Therefore, a systematic 

and comparative petrological, geochemical, and tectonic setting study of granites from both 

the ANS and the MB in Ethiopia appears to be one of the ways to understand the geodynamic 

evolution of these terranes as well as their relationships (Asrat and Barbey, 2003).  

  

 However several granitic rocks are described in both the ANS and the MB as stated above 

(e.g., Holmes, 1951; Stern, 1994; Yibas, 2000; Asrat and Barbey, 2003), but systematic study 

is lacking. In similar ways, Berguda granitoids are not systematically studied and its wide 

composition is still unknown. Therefore, we shall attempt to describe the petrology and 
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geochemistry of these Berguda granitoids, and to develop a satisfactory classification and a 

framework for their evolution. 

1.4 Research questions 

 What is a petrological and geochemical feature of the granitoid intrusions? 

 How many types of granitoid intrusions expected?  

 What is the composition of the source rocks?  

 What is the tectonic setting of the granitoid intrusions?  

 What is the Geology of surrounding within the geographically bounded area?  

1.5 Objectives 

1.5.1 General Objective 

The major objective of this study is to determine the petrological and geochemical 

characteristics and tectonic setting of Berguda granitoids. 

1.5.2 Specific objectives 

 To establish the relationships of Berguda granitoids with the host rocks. 

 To evaluate the source of the granitoid intrusion.  

 To determine granitoid types based on its geochemical data. 

 To suggest the tectonic setting in relation with the occurrence of the granite in 

the study area. 

 To produce the preliminiary geological map of the study area at the scale 

1:70,000. 

1.6 Significance of the research 

The output from this research will have sufficient information about the granitic intrusion 

from the study area and may be used for future reference. Detail study has been done 

providing geological detail of the region. Consequently, fresh data from field and bulk rock 

composition have been processed and its finding has been published in an international 

reputed journal. As a result, scientific knowledge of the area has been enhanced. 
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1.7 Thesis overview 

The thesis is designed in six chapters. The first chapter gives general information about the 

study area, the usefulness, objectives and methods used throughout the research to 

complements. The second chapter provides regional geological setting. In Chapter three local 

geology descriptions is done in good manner. In chapter four petrography and geochemical 

results are presented and displayed for the Berguda granitoids. Continuously, petrogenesis 

and tectonic setting descrimination is processed in chapter five, and ultimately, conclusion 

and recommendation is dealt in chapter six. 

1.8 Methodology  

Methods to achieve the objectives are: Field observation and measurements, analytical 

methods specifically petrographical and geochemical, and detail field mapping. Prior to the 

field work, relevant literatures have been reviewed in order to have a general overview of the 

geology of the study area and surrounding region. This part provides general and important 

information about the area. Consequently, delineating the study area from topo-map has been 

carried out. The first phase of the research has been focused on collection and reviewing of 

different data related to research work such as journals, maps and reports. 

1.8.1 Field mapping and sampling  

Field study is completed by identifying the different phases of granitic intrusion and their   

compositions. 32 rock samples were collected to achieve the objectives study. From total of 

32 samples, 13 samples were selected for petrographical and geochemical study. Those 

samples were taken from each granitoid suite according to their mineralogical, textural and 

geographic variations. Nature of oxidization of some minerals within the granitoids 

considered and relationship of these granitoid bodies with the host rocks were described. And 

ultimately, geological map of those granitoid bodies generated at the scale of 1:70, 000.  

1.8.2 Petrographic analysis 

13 representative samples were selected for thinsections and thinsection preparation was 

carried out at the central laboratory of Geological Surveys of Ethiopia (GSE). Then, 

petrographical analysis carried out petrology laboratory of Geology Department at the Addis 

Ababa Science and Technology University, to determine modal proportion of the granitoids 

and ultimately, to classify those granitoid bodies accordingly. 
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CHAPTER TWO 

2. REGIONAL GEOLOGICAL SETTING 

African Orogen developed due to the collision of East and West Gondwanaland during the 

late Proterozoic, which finally formed the Gondwanaland Supercontinent (De Wit and 

Chewaka, 1981; Stern, 1994; Stern, 2005). The final collision between East and West 

Gondwana most likely followed by the closure of the Mozambique Ocean, forming the East 

African Orogen that   represents one of Earth’s greatest collision zones. This orogeny is 

about 7000km long and evolved over a time period of about 350 Ma (Stern, 2002) and it is 

encompasses the Arabian Nubian Shield (ANS) in the north and the Mozambique Belt (MB) 

in the south. Pan-African tectonothermal activity in the Mozambique Belt was broadly 

contemporaneous with migmatism, metamorphism and deformation in the Arabian–Nubian 

Shield (Stern, 1994). This special issue is arranged geographically from south to north, which 

also imparts a general arrangement from the highest metamorphic grade rocks, generally 

deformed by the earliest tectonic structures, through to later, lower-grade metamorphic rocks 

and younger structures in the northern part of the orogeny (Stern, 1994). 

 

The tectonic evolution of the East African Orogen are: (1) Rodinia rifting and break-up at 

~900-850 Ma; (2) seafloor spreading, arc and back-arc basin formation, and terrane accretion 

from 870 to 690 Ma; (3) continent-continent collision from 630 to 600 Ma, and (4) further 

crustal shortening, orogenic collapse and extension leading to the break-up of Gondwana 

during 600 to 540 Ma (De Wit and Chewaka, 1981; Stern, 1994; Stern et al., 2006). The Pan-

African orogenic cycle figures prominently in recent hypotheses regarding the breakup and 

collisional rearrangement of a Neoproterozoic supercontinent (Moores, 1991; Hoffman, 

1991). Specifically, East and West Gondwanaland must have collided after supercontinent 

breakup (Storey, 1993). So the evolution of the EAO provides important constraints on these 

hypotheses. 
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Figure 2. 1 Tectonic evolution of the East African Orogen that resulted in the greater 

Gondwana Super continent (taken from Stern et al., 2006). W.G=West Gondwana and 

E.G=East Gondwana 

 

The southern part of the East African Orogen is dominantly represented by MB, which is 

formed by Himalayan-type collision (Stern, 1994) and comprises high-grade Ortho-and para- 

gneisses, migmatites and schists, infolded with marble and quartzite (Asrat et al., 2001). This 

belt can be traced in southern, western and eastern part of Ethiopia, by interfingering with 

ANS which consists of low-grade metavolcanics and metasediments (Berhe, 1990; Asrat et 

al., 2001). 

  

A review of existing data (Asrat et al., 2001) indicates that the ANS is an accretionary terrane 

of juvenile material (volcanic and volcano-sedimentary rocks) with dominantly subduction-

related magmatism, whereas the MB involved more recycling of older crustal material 

(gneisses and migmatites) and dominantly post-collisional magmatism. Several generations 

of granitic rocks are described in both the ANS and the MB, but a systematic study is lacking 

(Holmes, 1951; Stern, 1994; Asrat and Barbey, 2003). 
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 In general, the Precambrian Geology of Ethiopia consists of two lithotectonic terranes which 

imply contrasting lithological association, internal structures and grade of metamorphism 

(Yibas, 2000; Yibas et al., 2001): (a) the granite gneiss terrane, comprising of high-grade 

para- and orthogneisses, deformed and metamorphosed granitoids; and (b) the ophiolithic 

fold and thrust belts, containing of low-grade, mafic-ultramafic and sedimentary 

assemblages. Major fault and/or shear zones displaying multiple deformation features (Yibas, 

2000) separate these two terrane types. 

 

Kazmin (1971, 1975), who explored the basement rocks of Ethiopia for the first time and 

subdivided them into Lower, Middle, and Upper Complexes based on compositional, 

deformational and metamorphic grade variations. Recently, this subdivision has been revised 

as the rocks of Lower Complex, which were thought to be Archean in age, turned out to be 

Late Proterozoic in age (e.g. Ayalew et al., 1990; Teklay et al., 1998). According to the new 

subdivision, the Ethiopian basement is composed of two major blocks: (i) a gneissic and 

migmatic terrane, which essentially consists of the Lower and Middle Complex (Kazmin, 

1971, 1975), and correlated with the MB; (ii) a low-grade volcano sedimentary terrane, 

which comprises all the rocks of the Upper Complex and is correlated with the ANS. The 

Precambrian rocks comprise high-grade orthogneisses and paragneisses, migmatites, low-

grade volcanosedimentary-ultramafic assemblages and granitoids of variable composition 

(Yibas et al., 2002; Yibas, 2000; Asrat and Barbery, 2003). 

 

The Precambrian rocks of southern Ethiopia, which consists of high-grade ortho- and para-

gneisses and migmatites, as well as low-grade ophiolitic belts and granitoids, occupies an 

important position between the Pan-African MB and the ANS, which together, form the East 

African Orogen (Stern, 1994). The two Orogenic belts in eastern Africa have much in 

common than differences. These differences are: the grade of metamorphism (Amphibolite in 

MB and green schist in ANS) and scarcity of ophiolitic mass in the MB, while high in ANS. 

Their similarities includes: structural continuity (N-S structural grain), geographic position in 

eastern Africa, contemporaneous development in the bracket of Pan-African age (900-

500Ma) and rock geochemistry typical of destructive plate margins (Stern, 1994; Yibas et al., 

2002). 
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Most of the previous works (e.g. Hunting Geology and Geophysics Ltd., 1965; Kazmin et al., 

1978; Genzebu et al., 1994; Davidson, 1983; Shagi et al., 1991; Yehunie and Tesfaye, 1998; 

Asrat et al., 2001; Yibas et al., 2001, 2002 and Yibas, 2000) contributes greatly in 

understanding the geological make up of southern Ethiopia. The metamorphic complex and 

associated plutonic rocks make up the crystalline basements which are the northern and 

southern continuation of the Mozambique belt and the Arabian Nubian Shield of the East 

African Orogen (De Wit and Chewaka, 1981). Voluminous volcanic rocks with subordinate 

lacustrine and fluviatile sediments overlying unconformably the Precambrian basement are 

resulted from extensional tectonic responsible for the East African Rift (Davidson, 1983).  

 

Lebling (1940) was among the previous researchers, who classified the Geology of southern 

Ethiopia in to gneissic, granitoid and “green” rock terranes and provided the first lithological 

descritions. And followed by the classification of Jelene (1966) for the Adola rocks into the 

Gariboro series (granitic and psammatic gneisses) and the Adola series (basic and pelitic 

rocks). The reconnaissance systematic geological mapping of the southern Ethiopia (Yibas, 

2000; Yibas et al., 2001), make significant contribution in deciphering the tectonic evolution 

of the Precambrian of southern Ethiopia. Accordingly, the implications with regard to the 

relationship of this region to the Mozambique Belt, the Arabian-Nubian Shield and the East 

African Orogen are discussed. In additional, a new tectonostratigraphic classification is 

provided (Yibas et al., 2001). 

 

In general, in southern Ethiopia, there are also two most distinct tectonostratigraphic terranes 

which separated by repeatedly reactivated deformation zones are granite-gneiss terranes, 

which are classified in to sub-terranes and complexis, and ophiolitic fold and thrust belts 

(Yibas et al., 2001). The granite- gneiss terrane consists of para- and ortho- quartzo-

feldspathic gneisses and granitoids, intercalated with amphibolites and sillimanite-kyanite-

bearing schists, whereas the ophiolitic fold and thrust belts are composed of mafic, 

ultramafic, and meta-sedimentary rocks in varies proportions. Undeformed granitoids are 

also developed in these belts.  
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The granitoid rocks of southern Ethiopia vary from granitoid gneisses to undeformed granites 

and compositionally from diorites to granites. The gneissose granitoids form an integral part 

of the granite-gneiss terrane and are rare in the ophiolitic fold and thrust belts (Yibas et al., 

2001). The gneissic terrane and ophiolite fold and thrust belts of Nagele area is intruded by 

syn-and post-tectonic biotitic granites as well as pegmatitic granites (Yihunie and Tesfaye, 

1998). The available geochronological data and field studies allowed classification of the 

granitoids of the Precambrian of southern Ethiopia in to seven generations. These generations 

are: Granitoid one (˃880 Ma); Granitoid two (800-770 Ma); Granitoid three (770-720 Ma); 

Granitoid four (720-700 Ma); Granitoid five (700-600 Ma); Granitoid six (600-550 Ma) and 

Granitoid seven (550-500 Ma). All those granitoid suites are deformed except Granitoid 

number seven (Yibas, 2000). 

 

The period 550-500 Ma (Granitoid seven) is marked by late- to post-tectonic and post-

orogenic granitoids and presumably represents the latest tectonothermal event marking the 

end of the East African Orogen (Tadesse et al., 2000). Berguda granitoids are good examples 

of this granitoid generations. The presence of granulite facies metamorphism in southern 

Ethiopia at the end of the Neoproterozoic orogenic event is evidenced by the 530 Ma 

charnockitic Berguda granitoid (Gichile, 1991). This is similar to the Neoproterozoic and 

Palaeozoic granulites in other parts of the East African Orogen, where metamorphism and 

associated deformation occurred between 553 and 521 Ma, marking the initial Gondwana 

amalgamation (Jacobs et al., 1995). The period between 710and 730Ma was dominated by 

the emplacement of charnokitic rocks in the southern Ethiopia. This event may correlate with 

the wide spread presence of charnokitic granites and granulites facies metamorphism from 

Sudan to Tanzania (Maboko et al., 1995) and further south in to Malawi (Kroner, 1993).  

 

Bule Hora (Agere Mariam) area is underlain by Precambrian basement rocks, Cenozoic 

volcanics and Quaternary cover of southern Ethiopia (Fig.2.2). Precambrian high grade 

gneisses that exhibit early granitization and migmatization of varying intensity are 

extensively exposed. The migmatization and granitization of these rocks are highly variable 

(Genzebu et al., 1994). The most important in the Burji-Finchawa granite-gneiss complex are 

the Burji gneisses, the Bari Dome gneisses, the Finchawa quartzo-feldspathic gneisses and 
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the Yabelo, Altuntu, Finchawa and Soyama granitoid gneisses (Yibas et al., 2002) and 

Berguda granitoids. Without Berguda granitoid complex, the other granitoids so far dated in 

this complex have ages between 725 and 708Ma (Gichile, 1991; Teklay et al., 1998). The 

granitoids in the Burji-Finchawa complex are predominantly high K-granites with minor 

shoshonitic peralkaline granites, tonalities, trondhjemites and granodiorites (Yibas, 2000, and 

Yibas et al., 2001). 

 

Figure 2. 2 The position of Berguda study area in the 1:250,000 Geological map of Bule 

Hora   (Agere Mariam) (taken from Temiru et al., 1986-1989) 
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CHAPTER THREE 

3. GEOLOGY OF THE STUDY AREA 

3.1 Introduction 

Berguda study area is located in the southern part of Ethiopia by covering wider range of 

coarse-grained granitoid intrusion. About 80% of the area is covered by these granitoid 

bodies.  The outcrop is characterized by rugged topography and rounded massive. Granitoid 

intrusives are observed and classified into two major groups depends on their location, 

exposure type and compositions. These are:-  Hida Korma and Wolena Bokosa granitoids. 

Wolena Bokosa granitoid occupies large parts of the area, whereas Hida Korma covers small 

area comparatively. They are mostly similar texturally, but almost vary compositionally. 

They ranges from equigranular, porphyritic, medium grained to very coarse grained (Fig. 3.2 

and 3.3) and phaneritic in texture as general. Compositionally, Wolena Bokosa granitoid is 

relatively felsic minerals dominated while Hida Korma granitoid is mafic minerals 

dominated. Both of them may intrude the hornblende-biotite gneiss and the magnetite-quartz-

feldspar gneiss (Temiru et al., 1986-1989). Most of these metamorphic rocks are 

characterized by NNW-SSE, NNE-SSW and N-S trending foliation feature (Temiru et al., 

1986-1989. 
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Figure 3. 1 Geological map of the study area with schematic crossectional map. 
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3.1.1 The Wolena Bokosa Granitoid (WBG) 

It is most widely distributed in the area except in central and some eastern part of the area. It 

crops out as large and small intrusions having sub-circular, circular to elliptical shapes. It 

occupies the total area of around 82.75km
2
. It is occupying relatively rugged topography and 

elevated mountains that mostly bounded by wave like valleys of high elevation. The WBG 

mostly intrudes into the magnetite-quartz-feldspar gneiss. 

 

 It is mostly uniform in mineral composition but slightly vary texturally. Almost all of this 

granitoid body is pinkish to reddish in color, equigranular, medium to very coarse grained, 

granular as well as pegmatitic texture with constituents of minerals such as K-feldspar, 

plagioclase, quartz and very small amount of hornblende and biotite (Fig. 3.2). 

Its light gray (Fig.3.2A) with higher biotite and hornblende as compare to other associated 

granitoid body of this group, it is observed in southwestern and western portion (Fig. 3.2A) 

of the study area. The pinkish to reddish in color is due to abundance of k-feldspar while 

grayish to whitish is due to abundance of quartz and plagioclase minerals within this 

granitoid body. Contacts between the associated various types are mostly gradational. 

Medium-grained equigranular textured of granitoid is rare in abundance, only massive 

granular textured granitoid is the most abundant rock type of this group. Most of it is massive 

and has discordant contacts with the country rocks. The foliation in the country rocks is 

sharply stopped in most places when reaches the granitoid body. However, in very small 

places it shows weakly foliation feature. The granular texture with pegmatitic texture is 

typically formed during the final state of in the crystallization when the high water content 

solution allows rapid crystal growth. 

 

In most places, oxidization affects this granitoid body along grain boundaries of quartz and 

k-feldspar minerals. In addition, pegmatite vein is exposed in some places by cutting across 

WBG in discordantly. The stream cut, road cut and hill sites are the main outcrop of this 

granitoid body.  
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Figure 3. 2 Field photograph of Wolena Bokosa granitoid: A.Medium grained, light colored 

granite of the WBG from the Mediba, western margin of the study area, B. Very coarse 

grained, pegmatitic textured, light colored granite of the WBG from the southwestern of 

Wededera, southwestern part of the area, C. Equigranular, medium grained, light to pink 

colored granite of the WBG from the northern of Wededera, southwestern part of the area, 

and D. Weakly foliated granite of the WBG from the Berguda Bantessa, northern part of the 

study area. 

 

3.1.2 Hida Korma Granitoid (HKG) 

The Hida Korma granitoid occurs in the central, western and southern margin of the area. It 

is composite, blocky and ridge forming covering an area of about 58.5km
2
. Most of it is 

massive at the central, but it has concordant contacts with the country rocks. That means 

contacts between the granitoid and the country rocks are gradational (i.e. foliation within 

country rocks traced into the granitoid and decreases step by step as towards the centeral and 

completely stopped). The orientiatin of foliation is dominantly similar to the orientiation of 

regional fabric of the country rocks. Most of HKG body show sharp contact with the 

A 

D 

B 

C 
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associated adjacent granitoid bodies in contrast to WBG. It is varying from medium to coarse 

grained and granular texture.  

 

 It is distinguished from the WBG in the field by its relatively high mafic mineral content and 

it’s pronounced gray and light gray (Fig. 3.3A and B, respectively). This grayish appearance 

is strongly contrasts with the pink, pale red and lightish coloured of the WBG. The light gray 

(Fig.3.3B), granular with slightly enclaves of hornblende and biotite minerals and with 

pronounced feldspar and quartz minerals (e.g. western of Mekela town at the central). The 

gray appearance (Fig. 3.3A), coarse- grained, hypdiomorphic granular, and plagioclase 

dominated with rough balance of intermediate quartz, amphibole and biotite minerals (e.g. 

southern margin associated with WBG). Locally, dark gray, pyroxene dominated granite 

(Fig. 3.3C) associated with HKG is also observed at the surrounding of Mekela town by any 

direction except southern part. This study is restricted to light gray with enclaves of 

hornblende and biotite (Fig. 3.3B) and gray with plagioclase dominated and rough balance of 

quartz, hornblende and biotite minerals for this group (Fig. 3.3A). In general, relatively mafic 

contents of HKG gradually decreases as towards to the WBG, while felsic contents become 

increases and vice verce, which may suggest gradational contacts between two major groups 

(WBG and HKG). In some places, vein of fine-grained, interfinger and penetrate the granular 

grained of the HKG body. 

 

Minerals’ shape and color are important factor of distinguishing mineral compositions in the 

field. For examples, plagioclase is often white; quartz is milky (white); hornblende and 

biotite crystals are typically dark brown; pyroxene is dark green and brown in color. The 

amphibole and biotite can be also distinguished by their shapes in addition to color. 

Hornblende is dark and prismatic in shape while biotite is dark grey and tabular in shape. 

Furthermore, the biotite appears as small black 'flecks' on the surface of the rock with the 

occurrence of amphibole. These are the main criteria that are used to differentiate those 

minerals during field observation. The hill sites, stream cut, road cut are the well out crops of 

this granitoid body.  
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Figure 3. 3 Field photograph of the Hida Korma granitoid: A. Gray, mafic and felsic 

balanced with excess of plagioclase from the southern margin of the study area, specifically 

at Cheleleka Mountain, B. Light gray, biotite and amphibole rich granite that taken from the 

western part of the Mekela town, C. Massive, dark gray, pyroxene and hornblende rich 

granite from the central, specifically southwestern of Mekela town and D. Blocky and ridge 

forming granite of HKG from the western part of Mekela town. 

 

 In addition to the Hida Korma and Wolena Bokosa granitoids, the Alluvium deposit is also 

exposed at the lower topographies along the courses of flatland and flood-plains of the area. 

The eastern, northeastern and southeastern portions are covered by this deposit. It covers 

about 10km
2
 of the total area and has irregular outcrop pattern. Its size varies from gravel to 

clay, mainly occurring along river courses of very low gradient. It is predominantly fine 

grained and its thickness varies from place to places, and dark grey in color. 
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CHAPTER FOUR 

4. RESULTS (Petrography and whole rock chemistry) 

4.1 Petrography 

The petrographic names of granitoids presented below were assigned based on modal mineral 

composition obtained by modal proportion of significantly pronounced k-feldspar, 

plagioclase and quartz, which were then plotted on Qtz-Kfs-Pl (Fig. 4.1, Streckeisen, 1976) 

for classification. The mineral abbreviations are  taken from Kretz (1983). 

Table 4. 1 Average modal estimations of  the Berguda granitoids (values in wt. %). 

S/No. Types Sample 

code 

Mineral assemblages 

1 WBG  Qtz Kfs Pl Hbl Bt Op Tit Ap C Total 

  WB-B1 23.56 52.41 21.30 1.00 1.00 1.00      - - + 100.27 

  WB-M1 27.26 38.60 23.72 5.50 2.25 2.50     + + - 99.58 

  WB-B2 25.74 50.65 20.61 0.00 1.00 1.50     - - + 99.50 

  WB-6 25.07 49.86 20.40 1.50 + 2.00     - + + 98.83 

  WB-1 39.48 39.64 15.32 2.00 1.00 2.50     - - + 98.19 

  WB-2 27.42 39.00 27.20 2.50 2.00 1.75     - + + 99.87 

  WB-7 24.96 39.19 24.46 5.75 2.75 3.50     + + - 97.86 

  Ave. 

WBG 

28.07 44.76 22.14 1.29 ±1.54 2.21    ± ± ± 100.01 

2 HKG HK-10 22.78 17.34 31.85 11.50 6.75 7.50 2.00 + - 99.72 

  HK-5 22.08 17.34 31.50 12.50 7.00 7.25 2.00 + - 99.67 

  HK-M2 19.72 23.90 33.82 11.00 6.00 5.00 1.00 + - 98.44 

  HK-GS 20.55 27.74 32.07 9.00 5.50 4.75    + + - 99.61 

  HK-8 20.45 27.00 34.91 7.50 5.00 4.50    + + - 99.36 

  HK-C 19.50 13.00 37.96 10.50 9.25 8.16 1.50 + - 99.87 

  Ave. 

HKG 

20.85 21.05 33.69 10.30 6.50 6.19 ±1.29 + - 99.87 

Abbreviations: WBG:  Wolena Bokosa Granitoid, HKG: Hida Korma Granitoid, Qtz: Quartz, Kfs: K-feldspar, 

Pl: Plagioclase, Hbl: Hornblende, Bt: Biotite, Op: Opaque, Tit: Titanite, ap: apatite, C: Corumdum, +: presence 

of minerals observed but too small to determine values and -: presence of minerals not observed under 

microscopic study for the studied rock samples. 
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Figure 4. 1 Modal quartz (Qtz)-k-feldspar (kfs)-plagioclase (Pl) ternary classification plot for 

the two groups Berguda granitoids (HKG and WBG). Fields: SG: syenogranite, MG: 

monzogranite and GD: granodiorite. Fields and nomenclature after streckeisen (1976). 

4.1.1 The Wolena Bokosa Granitoid (WBG) 

 Petrographically seven samples from different location of this granitoid body (i.e. WB-B1, 

WB-B2, WB-M1, WB-1, WB-2, WB-6 and WB-7) were selected and processed for the 

petrographic study. Accordingly, the dominated minerals of this granitoid are K-feldspar 

(Orthoclase and microcline) (~38.60-52.41%), plagioclase (mostly sodium rich) (~15.32-

27.20%), quartz (~23.56-39.40%), biotite (~0.50-2.75%), and hornblende (~ ±1.00-5.75%) 

(Table 4.1). But also ±apatite and ±corundum in samples were found as accessory mineral 

assemblages (Table 4.1). The Wolena Bokosa Granitoid (WBG), which is composed of 

monzogranite and syenogranite (Fig. 4.1), appear to represent medium to very ccoarse 

grained, and consists of variable amounts of granularly arranged plagioclase, K-feldspar, 
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quartz, brown-green hornblende and red-brown biotite with accessory minelas including 

apatite as inclusion and corundum. Most of these minerals are characterized by anhedral to 

subhedral crystal shape. The alteration and sericitation of k-feldspar and plagioclase are 

respectively observed characters. On the other hand, chloritization of biotite and hornblende 

minerals (Fig. 4.2D and E, respectively) are also observed in some samples of the granitoid 

body. The quartz crystals of some samples show undulatory extinction. According to this 

study, the perthitic orthoclase and cross-hatched microcline alkali feldspar are dominated 

minerals of the northern, northwestern and western part of the granitoid body while the 

quartz and plagioclase crystals are relatively dominated crystals of southern, southwestern 

and southeastern part of the granitoid. The granular and perthitic textures are dominated 

textures of the granitoid body.  On other hand, the graphic intergrowth of quartz within alkali 

feldspar is also found (Fig. 4.2B). The plagioclase crystal zoning (Fig. 4.2D) as well as 

rhombohedral plagioclase inclusion (Fig. 4.2H) is also observed. In general, the intergrowth 

and overgrowth textures are dominated textures of the granitoid body. 
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Figure 4. 2 The microphotograph of the Wolena Bokosa granitoid: A. Antiperthitic texture 

with altered orthoclase which it’s sample taken from the slightly foliated of the WBG at the 

northern part, B. Graphic texture, C. Microcline with characteristic cross-hatched twinning, 

D. Plagioclase zone with biotite going on replace by chlorite, E. Hornblende inclusion in 

perthitic orthoclase going to replace by chlorite, F. Granophyre texture, G. Sericitized 

plagioclase, H. Rhombohedral plagioclase inclusion in perthitic orthoclase and I. Perthite 

texture. N. B. All of them are in XPL except F is in PPL (10x). 

4.1.2 Hida Korma Granitoid (HKG) 

 For petrographic study, out of total 13 samples selected for thinsections preparation, 6 

samples (i.e. HK-5, HK-8, HK-10, HK-C, HK-GS and HK-M2) were selected from HKG 

body. The dominant minerals are k-feldspar (~17.34-27.74%), quartz (~19.50-22.27%), 

plagioclase (~31.50-34.96%), hornblende (~7.50-12.50%), biotite (~5.00-9.25%) and opaque 

(~4.50-7.50%) (Table 4.1). And also small amount of titanite and apatite minerals are 



26 

 

observed in some samples of the granitoid. In general, this study confirms that the Hida 

Korma Granitoid (HKG) is composed of monzogranite and granodiorite (Fig. 4.1).  

 

The mafic contents of the slightly light gray granitoid of the western, southwestern and 

northwestern of the Mekela town at central (e.g. HK-10, HK-5, HK-GS, and HK-M2 sample 

codes) are lower when compared to the samples from the southern margin (e.g. HK-C) that 

relatively enriched plagioclase with relatively balanced other minerals. The holocrystalline 

nature of the enriched and associated mineral assemblages of the HKG are forming a frame 

work within the granitoid body. The overall of their mineral grains have developed crystal 

faces of anhedral to subhedral shape. Alteration and sericitation of the k-feldaspar and 

plagioclase are respectively observed are characteristics of the granitoid body. The interstices 

viewed in this granitoid samples of which filled by small quartz, plagioclase and k-feldspar 

crystals (Fig. 4.3A and B, respectively). Granular, myrmekitic, micrographic and perthite are 

observed textures of this granitoid body. 
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Figure 4. 3 The microphotograph of Hida Korma granitoid: A. Sericitized plagioclase, B. The 

interstices of alkali feldspar (dot-like structure) inverted in the plagioclase feldspar, C. 

Myrmekite texture, D. Micrographic texture, E. Perthitic texture in dark to light gray 

granitoid and F. Plagioclase inclusion in biotite and hornblende minerals of the dark to light 

gray granitoid of the southern margin. N.B: All are in XPL (10x). 

4.2 Whole rock chemistry 

Geochemical Analysis  

10 representative and fresh samples were selected and analysis was carried out at ALS 

(Australia Laboratory Surveys) for geochemical analysis. Sample preparation was done at 

ALS, available branch at Addis Ababa. Sample was cut down to a size that would fit into a 

Chipmunk jaw crusher and the actual cutting was performed by using a diamond saw. The 

samples were first dried at 105 C to a constant mass for 2-3 hours, before subsample is taken. 

With the use of various crashing techniques subsample was reduced in size until 98% and 

passed through a sieve with a nominal aperture size of 75 micro metres. Later, pulverized 

rock samples sent to ALS laboratory at Ireland for major elements analysis by using X-Ray 

Fluorescence (XRF), trace and Rare Earth elements analysis by using Inductive Coupled 

Plasma Mass Spectrometry (ICP-MS). Reproducibility and repeatability of the analyzed 
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results were checked by using blank, duplicated sample (HK5-DUP and HK-GS-DUP) and 

international standard sample (SY-4). 

 

Whole rock major, trace elements for representative samples from Berguda area are 

presented in Table 4.2. 

Table 4. 2 Major- and trace- elements data for representative samples from Berguda area.  

Types WBG HKG 

S.code WB-6 WB-1 WB-2 WB-

M1 

WB-B1 WB-7 HK-10 HK-5 HK-

M2 

HK-GS 

Major elements in wt. % 

SiO2 75.76 78.35 75.25 75.5 72.77 75.46 66.33 65.31 67.38 68.26 

TiO2 0.16 0.26 0.08 0.14 <0.01 0.12 1.06 1.24 0.58 0.58 

Al2O3 11.99 10.54 13.12 12.34 14.69 12.25 13.44 13.07 14.36 14.4 

FeOt 1.86 2.12 1.51 2.13 0.85 1.9 6.22 7.28 5.03 4.13 

MnO 0.04 0.03 0.02 0.04 0.01 0.03 0.11 0.13 0.1 0.07 

MgO 0.07 0.15 0.08 0.05 0.02 0.12 1.08 1.26 0.36 0.44 

CaO 0.23 0.41 0.57 0.2 0.26 0.52 2.36 2.58 1.81 1.34 

Na2O 2.41 2.91 4.43 4.15 3.55 3.68 3.88 3.9 4.37 4.06 

K2O 6.83 4.17 4.13 4.89 7.37 4.94 4.48 3.95 4.94 5.54 

P2O5 0.02 0.04 0.02 0.02 <0.01 0.03 0.42 0.43 0.15 0.15 

LOI 

1000 

0.09 0.28 0.28 0.17 0.37 0.23 0.15 0.23 0.4 0.42 

Total 99.28 98.7 98.93 99.29 99.17 98.82 99.23 98.92 98.68 98.55 

Trace elements in ppm 

Rb 242.00 69.80 129.50 4.67 132.00 128.00 137.00 137.00 99.70 132.00 

Ba 494.00 597.00 380.00 92.30 1115.00 328.00 721.00 623.00 979.00 675.00 

Th 19.20 3.36 20.00 4.67 0.07 11.10 8.09 11.50 5.00 6.42 

U 3.22 1.17 5.68 0.80 0.05 4.39 1.35 3.26 1.34 1.15 

V 9.00 6.00 5.00 72.00 77.00 15.00 9.00 11.00 8.00 12.00 

K 57114 35032 34617.20 40843 61680 41507 37440 17221.4 41590 46239 

Ta 3.10 3.70 2.60 0.30 0.10 0.40 6.90 3.70 1.30 1.00 

Nb 24.20 8.80 11.80 8.80 0.20 9.90 43.50 45.50 27.60 25.40 

Pb 35.00 26.00 36.00 23.00 33.00 21.00 38.00 25.00 21.00 29.00 

Sr 706.00 102.00 77.80 18.40 192.00 79.30 202.00 195.50 196.50 140.00 

Nd 13.60 48.50 22.80 44.80 0.60 48.80 81.80 98.80 58.80 70.00 
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P 87.20 174.39 87.20 87.20 43.60 719.22 1831.13 1874.73 653.98 653.98 

Hf 9.20 9.60 3.20 10.10 0.20 13.00 19.30 16.70 16.10 16.00 

Zr 285.00 432.00 116.00 310.00 8.00 480.00 820.00 730.00 770.00 717.00 

Ti 958.96 1558.31 479.48 839.09 59.93 719.22 6413.03 7491.86 479.48 3536.16 

Y 17.5 34.9 36.6 36.8 0.40 26.80 83.60 99.90 70.00 54.20 

Cr 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

Co 1.00 1.00 1.00 9.00 11.00 4.00 1.00 1.00 1.00 3.00 

Rare earth elements in ppm 

La  15.40 57.00 29.60 50.20 1.90 77.90 76.70 108.50 46.60 95.20 

Ce  77.10 78.80 29.40 111.50 2.20 127.50 196.00 213.00 103.50 154.00 

Pr 3.86 12.35 5.94 13.20 0.22 14.35 22.50 26.50 13.50 19.55 

Nd 13.60 48.50 22.80 44.80 0.60 48.80 81.80 97.80 53.80 70.00 

Sm 2.96 9.34 4.54 8.55 0.15 7.48 16.05 19.20 11.70 12.80 

Eu 0.38 2.88 0.67 0.40 0.70 1.22 2.23 2.69 3.30 2.28 

Gd 2.69 8.40 5.01 6.56 0.09 6.08 14.05 18.45 11.50 11.35 

Tb 0.49 1.14 0.82 1.10 0.02 0.86 2.26 2.76 1.77 1.62 

Dy 3.23 6.67 5.75 7.04 0.07 5.14 14.45 17.8 11.35 10.6 

Ho 0.74 1.20 1.18 1.40 0.01 0.98 2.84 3.57 2.26 1.95 

Er 2.53 3.40 3.43 4.04 0.04 2.97 8.25 10.35 6.50 5.62 

Tm 0.46 0.46 0.56 0.66 0.01 0.49 1.37 1.57 0.99 0.90 

Yb 3.62 2.94 4.01 4.23 0.06 3.48 9.78 10.45 6.46 5.52 

Lu 0.60 0.45 0.59 0.62 0.01 0.56 1.44 1.53 0.94 0.84 

 

4.2.1 Major element data 

The granitoids of the study area are classified as quartz Monzonite and granites (Fig. 4.4) 

based on the total alkali-silica chemical classification of Middlemost (1994).  Accordingly, 

all samples from Hida Korma Granitoid (HKG) plot in the quartz monzonite field while all 

samples from Wolena Bokosa Granitoid (WBG) plot in the field of granites (Fig. 4.4). The 

A/NK versus ASI chemical classification of Frost et al. (2001), HKG plots in the 

metaluminous granitoid field and WBG plots in the field of peraluminous granitoid (Fig.4.5). 

But, all of WBG samples are cluster at very close to dividing line of metaluminous and 

peraluminous granitoids (Fig. 4.5). In additional, ASI versus SiO2 discrimination diagram of 

Chappell and White (1974) comfirms that both of WBG and HKGs are derived from I-type 

(Fig. 4.6). Similarly, based on Garrel and Mackenzie (1971) discrimination diagram, both 
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WBG and HKG are also plot in the igneous field (Fig. 4.7). On other hand,  

FeOt/(FeOt+MgO) versus SiO2 diagram of Frost et al. (2001) showing that both WBG and 

HKG are plot in the field of ferroan (Fig. 4.8). 

 

AFM triangle diagram (Irvin and Bargar, 1971) shows both WBG and HKG grouped into to 

the Calk-alkaline magma series (Fig. 4.19A) except two samples (HK-10 and HK-5) of the 

HKG are plot along the dividing line between the calc-alkaline series and tholeitic series. On 

other hand, K2O versus SiO2 magma series diagram (Peccerillo and Taylor, 1976) reveals 

both HKG and WBG are fall into the field of high-K calc-alkaline to shoshonite magma 

series (Fig.4.9B). Furthermore, WBG is dominantly alkali-calcic while HKG is alkalic to 

alkali-calcic as revealed by the Na2O+K2O-CaO versus SiO2 diagram of the Frost et al. 

(2001) (Fig. 4.10).  

 

   Figure 4. 4 Total-alkali versus silica diagram of Berguda granitoids (Middlemost, 1994).  
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  Figure 4. 5  A/NK versus ASI classification diagram (Frost et al., 2001). 
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Figure 4. 6 ASI versus SiO2 discrimination diagram for the WBG and HKGs (Chappell and 

White, 1974). Symbols as in the figure 4.5 above. 
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Figure 4. 7 Na2O/Al2O3 versus K2O/Al2O3 plot for the WBG and HKG (Garrel and 

Mackenzie, 1971). Symbols as in the figure 4.5 above. 
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Figure 4. 8 FeOt/(FeOt+MgO) versus SiO2 diagram (Frost e al., 2001) showing the   

distribution of the WBG and HKG with respect to the feroan and magnesian fields. Symbols 

as in the figure 4.5 above. 
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Figure 4. 9 Magma series discrimination diagram. A. AFM diagram (Irvin and Bargar, 1971), 

B. K2O versus SiO2 diagram (After Peccerillo and Taylor, 1976).  
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Figure 4. 10  Na2O+K2O-CaO versus SiO2 for the WBG and HKG (Frost et al., 2001).    

Symbols as in the figure 4.9 above. 

 

The major elements data of Berguda granitoids are shown in Table 4.2 above. The data in 

general show wide compositional range with high silica contents, SiO2 (66.2-79.38 wt. %) 

and Alumina, Al2O3 (10.68-14.81wt. %) contents, while Loss on ignition (LOI) ranges from 

0.09-0.4wt. %). The data reflects also that Na2O varies between 2.43 and 4.48 wt. %, 

whereas potash, K2O ranges between 3.95 wt. % and 7.43 wt. %. The iron contents are varies 

from 0.86-7.4 wt. %. The CaO and MgO values are also ranges from 0.2-2.6 wt. % and 0.02-

1.27wt. %, respectively. And ultimately, TiO2, and P2O5 values are ranges from 0.01-1.25 

wt%, 0.01-0.07 wt. % and 0.01-0.43 wt. %, respectively (Table 4.2).  
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The major elements variation diagram shows two chemically distinct trends for HKG and 

WBGs (Fig.4.11).  

 

The HKG is characterized by moderate silica content (66.02-69.26 wt. % SiO2) and relatively 

high alumina values (13.21-14.61 wt. % Al2O3) (Table 4.2). On other hand, the range of K2O 

content (3.95-5.57 wt. % K2O) is also relatively moderate compared to WBG (Table 4.2). In 

contrast, the range of Na2O content (3.90-4.08 wt. % Na2O) is relatively high through the 

range of comopositions, together with high contents of CaO, MgO, FetO, TiO2 and P2O5 

(Table 4.2). Most of the plotted HKG samples display meaningful trends on variation 

diagram (Fig. 4.11). Al2O3 and K2O versus SiO2 show linear positive trend for the HKG 

which shows strongly positive correlation with silica (Fig. 4.11). On other hand, all the CaO, 

MgO, FeOt, TiO, and P2O5 contents linear downward and decrease with increasing SiO2 (Fig. 

4.11). This is shows linear negative trends for the HKG.  

 

The WBG, which is characterized by high silica content (73.38-79.38 wt. % SiO2) and a wide 

alumina values (10.68-14.81 wt. % Al2O3) compared with HKG (Table 4.2). It has excess 

K2O over Na2O and low content of CaO, MgO, FeOt, TiO2 and P2O5 (Table 4.2). Moreover, 

all the WBG samples exhibited high molecular trend of the order: Al2O3 > 

(CaO+Na2O+K2O), suggesting their preliminary characteristics. In Harker variation diagrams 

(Fig. 4.11), Al2O3, FeOt, MgO, CaO, TiO2 and P2O5 against SiO2, display strongly negative 

correlation. On other hand, Na2O and K2O show positive and scattering character for the 

WBG (Fig. 4.11). 
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Figure 4. 11 Major Element variation diagrams for the studied WBG and HKG 

4.2.2 Trace elements 

The trace elements of Berguda granitoids are presented in Table 4.2 above. The chemical 

variation of the WBG and HKG are also well defined in SiO2 (wt. %) against some selected 

trace elements (ppm) diagrams (Fig. 4.12). Some elements show more or less defined trends, 

while others do not show and sometimes have complicated and ambiguous geochemical 

behavior such as Rb and Sr (Fig. 4.12).  
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Ba is generally shows defined negative relation with silica for the WBG, while it shows 

strongly positive linear trend for the HKG (Fig. 4.12), similar with Al2O3 as mentioned above 

in figure 4.11. Rb, Ni and Sr almost show constant horizontal linear trend with increasing 

SiO2 for both groups (Fig. 4.12). However, Zr and Y trends are steadily negatively downward 

with increasing silica at their high concentration values for HKG (Fig. 4.12), showing clear 

negative correlation with it. Similarly, showing strongly negative correlation but with 

scattering character for the WBG, and also dramatically increases almost at high values of 

constant silica. That means concentration of those elements is higher in HKG than that of 

WBG. In another ways, concentration of silica is higher in WBG than HKG. 
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Figure 4. 12 Some trace element variation diagrams for the studied rock samples (in ppm).  
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The primitive mantle-normalized multi-element petterns (Fig. 4.13A and 4.14A), display 

distribution of trace elements for the WBG and HKG.  Accordingly, HKG is characterized by 

enrichment of incompatible elements such as Rb, K, Ta, Pb and Zr compared to slightly less 

enrichment with Ba, Th, La, Nd, Hf, Tb, Y and Yb (Fig. 4.13A). In contrast, it is strongly 

depleted with U, Sr and Ti (Fig. 4.13A) and slightly less depleted with Nb, Ce, and P (Fig. 

4.13A). The WBG is not much more diffirent, but depletion of Ba and Ta are observed (Fig. 

4.14A). The negative slope and zigzag patter are recognized character in both WBG and 

HKG intrusion, as we go from left to the rght in both diagrams (Fig. 4.13A and 4.14A).  

 

Plots of chondrite-normalized Rare Earth element patterns (Fig. 4.13B and 4.14B), display 

rare earth element distribution patterns for the WBG and HKG. The HKG characterized 

relatively high total REEs (300.69 on average) with strongly fractionated of Light Rare Earth 

Elements [(La/Sm = 39.55 on everage)] and almost a near flat distribution patterns of Heave 

Rare Earth Elements (Tb/Yb = 1.21 on average) (Fig. 4.13B).  But, slightly higher both in 

LREEs and HREEs compared to the WBG. The WBG is characterized by less enrichment 

with total REEs (172.2 on average) with moderately fractionated LREEs [(La/Sm)N = 15.36 

on average) and similarly almost nearly flat distribution patterns of HREEs [(Tb/Yb)N = 1.16 

on average) (Fig. 4.14B). In both groups, negative anomaly of Eu (Fig. 4.13B and 4.14B) is 

observed character. In additional, the negative anomalies of the Eu associated with negative 

anomaly Sr is another character observed in both groups except the samples WB-1 (Fig. 

4.13A and 4.1A; 4.13B and 4.14B, respectively), which show neither enriched nor depleted 

Eu and shows flat distribution pattern. 

 

However, negative anomaly of Eu associated with the negative anomaly Ba is observed 

character within the WBG (Fig. 4.14A and 4.14B, respectively). 
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Figure 4. 13 A. Primitive mantle-normalized multi-element patterns for Hida Korma 

granitoid, B. Chondrite-normalized rare earth elements for the Hida Korma granitoid 

(Normalization values taken from Sun and McDonough, 1989).  
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Figure 4. 14 A. Primitive mantle-normalized multi-element patterns for Wolena Bokosa 

granitoid, B. Chondrite-normalized rare earth element patterns for the Wolena Bokosa 

granitoid (Normalization values are from Sun and McDonough, 1989).  
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CHAPTER FIVE 

5. DISCUSSION 

   5.1 Petrogenesis of the Berguda granitoids 

Chappell and White (1974), White and Chapell (1977) have broadly classified the granitoids 

into I-type and S-type, having igneous and (meta) sedimentary sources, respectively. The 

criterion of classification is mostly ASI (A/CNK) values. Accordingly, if the granitoid body 

has ASI values < 1.1, it is belongs to the I-type granitoids and if it has ASI value > 1.1, it is 

belongs to the S-type granitoid. As a result, Berguda granitoids of in the Mozambique Belt of 

the southern Ethiopia have ASI values ranges between 0.86-1.05 and so classified as I-type 

granitoid body. On the other hand, Frost et al. (2001), Dombrowski et al. (1995) and Raju 

(2017) provided that if the granitoids have ASI value between 0.99-1.1, then they classified 

as weakly peraluminous granitoids and if they have ASI < 0.99, they are classified as 

metaluminous granitoids. Accordingly, WBG has ASI value ranges between 0.99-1.05 and so 

classified as weakly peraluminous granitoid while HKG has ASI values ranges between 0.86-

0.96 and so classified as metaluminous granitoid body. All WBG samples cluster at very 

close to dividing line of metaluminous and peraluminous granitoids plotted in diagram of 

Frost et al., 2001 (Fig. 4.5), showing slightly (weakly) peraluminous character of the 

granitoid.  

 

Classification  diagram of Frost et al. (2001) showing that both WBG and HKG have feroan 

character and accordingly, that may suggesting Berguda granitoids are closely associated 

with conditions of limited availability of H2O and low oxygen fugacity during partial melting 

of their source rocks (Frost et al., 2001) as well as the crystallization of anhydrous silicates 

(Adegbuyi and Ogunyele., 2018). On other hand, the metaluminous nature of the HKG 

coupled with its ferroan (Fig. 4.8) and alkalic to alkali- calc characteristics (Fig. 4.10) 

suggest that its igneous protolith(s) and is I-type granitoid (Fig. 4.6) derived from melting of 

rocks of continental crustal base under conditions of limited availability of H2O and low 

oxygen fugacity (Frost et al., 2001; Taylor and McLennan, 1981; Tarney and Windley, 

1977). In additional, weakly peraluminous nature of the WBG coupled with its ferroan (Fig. 
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4.8) and is an I-type peraluminuous granitoid derived from the partial melting of crustal 

igneous rocks (Tarney and Windley, 1977). 

 

The HKG samples characterized by high content of MgO, CaO, FeOt, TiO2, P2O5 (Table 4.2)  

with relatively high ferromagnesian minerals such as hornblende, biotite and opaque (Table 

4.1) with other mafic minerals such as titanite and apatite (Table 4.1), moderate content of 

silica (66.02-69.26) (Table 4.2) compared to WBG, all are imply metaluminous character for 

the granitoid body (Chappell and White, 1974, 2001; Survey and Thesaurus, 1999; Maulana 

et al., 2012 and Raju, 2017). However, the WBG samples are characterized by relatively high 

ASI values, low content of MgO, CaO, FeOt, TiO2, P2O5 with relatively low mafic minerals 

(Table 4.1 and 4.2) along with high content of silica and other felsic minerals compared to 

the HKG, all are suggest peraluminous nature of the granitoid body (Chappell and White, 

1974, 2001; White and Chappel, 1977; Raju, 2017 and Frost et al., 2001). 

 

In major element variation diagrams (Fig. 4.11), the Al2O3 contents increases with increasing 

silica for the HKG (Fig. 4.11), reflects an addition in mafic minerals such as amphibole and 

biotite, a decrease and an increase  in sodicity and anorthiticity, respectively of plagioclase in 

HKG evolution with felsic minerals deplement for the granitoid body (Nazemi and Tahriri, 

2015). CaO, MgO, P2O5, TiO2 and FeOt contents show enrichments for HKG (Table 4.2 and 

Fig. 11), reflects a high modal proportion of Fe-Mg bearing silicates such as biotite and 

hornblende for the granitoid (Opara et al., 2014 and Ekuwueme, 1990). However, in WBG, 

the Al2O3 contents decreases with increasing silica (Fig. 4.11), reflects reduction in mafic 

minerals, an increase and a decrease in sodicity and anorthiticity, respectively of plagioclase 

with increment of felsic minerals such as quartz, k-feldspar and Na-rich plagioclase (Nazemi 

and Tahriri, 2015; Keshaverzi et al., 2014). As a general, based on Negue et al. (2015), a 

moderate to progressively enrichment in SiO2 and a decrease in CaO, MgO, P2O5, TiO2 and 

FeOt in both groups become available to reflect a petrographic and chemical continuum for 

the granitoid bodies. The CaO reduces due to partial crystallization, plagioclase 

differentiation, and an increase in sodicity of the plagioclase (Nazemi and Tahriri, 2015). The 

MgO contents were descending with increasing SiO2 may be due to consumption of 

magnesium in the structure of the ferromagnesian minerals (Nazemi and Tahriri, 2015). This 
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is also constant with a reduction in the amount of mafic minerals and increase in the 

differentiation of granitic rocks (Nazemi and Tahriri, 2015; Opara et al., 2014). The P2O5 

contents were decreasing with increasing SiO2 can be described to be reduction in the amount 

of apatite and its share of structure of this mineral in differentiated granitoid bodies (Opara et 

al., 2014; Negue et al., 2015 and Nazemi and Tahriri, 2015). In additional, the negative 

correlation of P2O5 to SiO2 for the studied rock samples (Fig. 4.11) has been considered as a 

typical feature for I-type granitoids (Chappell and White, 2001). The TiO2 contents were 

descending with the increasing SiO2 suggests a compensation for the high silica 

concentration (Opara et al., 2014). 

 

The K2O contents were ascending for the HKG compared to WBG and reflects good linear 

positive trends (Fig. 4.11) probably indicate that the elements are not significantly changed 

from their primary abundances or indicating normal igneous trends (Keshaverzi et al., 2014). 

 But for the WBG reflects irregular trends unlike HKG, indicate a magma contamination by 

crustal rocks during uprising magma to generation of the granitoid body (Keshaverzi et al., 

2014; Nazemi and Tahriri, 2015 and Obasi et al., 2016) and/or an addition of sedimentary 

material into the source rock. The Na2O contents were cluster at the top left sides along its 

high concentration and at moderate concentration of silica values for the HKG, suggest 

relatively mafic contents for the granitoid body (Negue et al. 2015 and Ekuwueme, 1990). 

But, for the WBG demonstrate high values with partially scatter negatively downward trends 

relatively at the high concentration of silica, showing their relative abundance (Nazemi and 

Tahriri, 2015 and Obasi et al., 2016). And also such type of trends may reflect the crystal 

fractionation processes in the evolution of the granitoid (Obasi et al., 2016). Furthermore, 

negative correlations with CaO (Fig. 4.11) and a positive correlation with Na2O (Fig. 4.11) 

indicating plagioclase fractionation, and a very negative correlation with Fe2O3 and MgO 

(Fig.4.11) also suggesting pyroxene and hornblende fractionation (Okonkwo and Folorunso, 

2013). All these indicate the result of fractional crystallization in the evolution of the 

magmatic suite. The scattering character of the K2O and Na2O for the WBG may implying 

more degree of diffusion patterns which can be either the result of alteration and sericitation 

of orthoclase and plagioclase feldspar, respectively, and/or may be the result of 

contamination of magma for the granitoid body (Ekuwueme, 1990). As general, high potash 
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content with relative Fe-enrichment and silica shows plutonic generation of magma and low 

ratio of Na2O/K2O for both groups is indications that highly chemical mature for the 

granitoid bodies (Obasi et al., 2016). In additional, high potash content in both groups is an 

indication that generation of the magma is plutonic (Engelbrektsson and Berg, 2014). The 

concept of a genetic relationship is supported on diagram of Al2O3/TiO2 versus TiO2 (Fig. 

5.1). In additional, the curvilinear trend for the both groups is typical of magmatic 

differentiation and implies that the granitoid were originated from a chemically similar 

magma source (Sun and Nesbitt, 1978). The variation between two groups is may be the 

result of hybridization between the original magma and amphibolitic cover rocks (Tack and 

Bowden, 1999). 

 

Figure 5. 1 Al2O3/TiO2 versus TiO2 plot for the Berguda granitoid groups. 
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In the case of trace element variation diagrams, the Rb, Sr, Zr and Ni versus SiO2 reflect bell-

shaped data for both groups (Fig. 4.12). This reflects that these trace elements behaved 

incompatibly during crystallization of the parent material of these granitoid bodies (WBG 

and HKG) (VanTonder and Mouri, 2010). The fluids and melts derived from the subducted 

oceanic slub led to the metasomatism of upper mantle wedge and at that point, negative 

anomalies of Nb and Ta could be carried out  reflects subduction zone formation for the 

granitoid (Sajona et al., 1996 and Chappell, 1999). As a result, WBG shows negative 

anomalies of Nb and Ta implies subduction zone formation for the granitoid (Fig. 14A). The 

highly enrichment elements such as Rb, K, Th, Pb and Zr (Fig. 4.13A and 4.14A) are 

attributted to metasomatism of mantle wedge by fluids derived from the subducted oceanic 

slub and/or contamination with continental crust (Kershaverzi et al., 2014; Kamber et al., 

2002 and Atherton and Ghani, 2002). In additional, the negative slope and zigzag pattern 

observed is reflection of the crustal contamination of the studied rock samples (Keshavarz et 

al., 2014). The negative anomalies Ti and Nb (Fig. 4.13A  and 4.14B) are determined by 

titanium bearing minerals such as titanite, ilmenite, rutile and some amphiboles such as 

hornblende (Kershaverzi et al., 2014). As pressure increases, concentration of these minerals 

reduces in aqueous fluids (Glenn, 2004). Consequently, these minerals that are rich in High 

field strength elements will be stable during partial melting process at high depth rather than 

30km is led to negative anomalies in the melt (Glenn, 2004). The negative anomalies in P 

indicative for low content of apatite in these granitoid bodies (Kershaverzi et al., 2014; 

Nazemi and Tahriri, 2015 and Negue et al., 2015). The strong depletion of Sr in the studied 

rock samples (Fig. 4.13A  and 4.14B) shows stable phase of plagioclase in the remaining 

melts (Nazemi and Tahriri, 2015). As a general, the enrichment in most incompatible 

elements as well as substantial positive anomalies in Rb, Th, K, Pb, Zr and significant 

negative in Sr, P, Ti, Nb, reflecting the envolvement of crustal source in their genesis (Taylor 

and McLennan, 1985 and Barbarin, 1999). Moreover, the negative Nb anomaly of both 

groups may interpreted as a major crustal heritage, as such anomalies are also geochemical 

characteristics of the deep continental crust of essentially intermediate composition (Taylor 

and McLennan, 1981).  
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Based on the chondrite-normalized rare earth element patterns (Fig. 4.13B and 4.14B), WBG 

is characterized by slightly high concentration of Light Rare Earth Elements than Heave Rare 

Earth elements that can be characteristics of magmatism at subduction zone (Winter, 2001). 

In addition, this can be evidenced by the presence of apatite and biotite (Table 4.1) in the 

studied rock samples (Nazemi and Tahriri, 2015). On the other hand, HKG is characterized 

by relatively enrichment of total REEs and such type of granitoid follows normal igneous 

differentiation trend (Lenoir et al., 1994). The negative anomalies of Eu in studied rock 

samples are reflection of the feldspar fractionation that have taken during the magma 

crystallization or remaining of the feldspar crystals within the source materials. In another 

word, the depletion of the Eu anomaly shows that plagioclase crystallization does not play 

sufficient role in the evolution of the magma (Nazemi and Tahriri, 2015). But also shows 

crystallization and differentiation of the plagioclase at the low pressure zone. In additional, 

the negative anomalies Eu (Fig. 4.13B and 4.14B) associated with nagetive anomalies of Sr 

(Fig. 4.13A and 4.14A) for the WBG and HKG is suggests fractional crystallization of 

plagioclase carried out during evolution of the magma (Kershaverzi et al., 2014). Whereas, 

negative anomalies Eu associated with the moderately negative anomalies of Ba for the 

WBG reflects biotite fractionation has been processed during evolution of magma (Wilson, 

2007). In contrast,  strongly positive anomaly of Sr in WB-6  (Fig. 4.14A)  and flat pattern 

character of Eu in WB-1 from the WBG  samples  (Fig. 4.14B) has may be the possiblity of 

two reasons: 1) The absence of plagioclase fractionation during the crystallization of magma 

and high concentration of plagioclase mineral (Kershaverzi et al., 2014), 2) And the presence 

of plagiclase would be as a result of the presence of water molecules in the molten magma 

attested by the presence of hydrated minerals such as amphibole. For emphasis, the presence 

of this water makes the oxidizing environment and prevents Eu
2+

 binding in the plagioclase 

(Negue et al., 2015).   

 

Generally, the negative correlations between CaO, P2O5, MgO, FeOtO, TiO2 and SiO2 (Fig. 

4.11), Sr depletion with Eu negative anomalies (Fig. 4.13A, 4.14A, 4.13B and 4.14B) which 

indicate continuous plagioclase fractionation during differentiation, gradual decreases of Y 

contents with increasing SiO2 (Fig. 4.12) which indicate hornblende fractionation during 
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differentiation and pronounced negative correlation between silica and Zr, Sr and Rb (Fig. 

12), all are confirm and support fractional crystallization  during magmatic evolution of the 

Berguda granitoids (Maulana et al., 2012 and refrences there in).  

5.2 Tectonic setting of the Berguda granitoids  

The Berguda granitoids occur in the high- grade belt metamorphic rock of southern Ethiopia 

(Fig. 1.1). The tectonic setting discrimination diagrams (e.g., Pearce et al., 1984), are very 

useful tool in distinguishing tectonic environments of the granitoid bodies. As a result, the Rb 

versus Y+Nb and Nb versus Y tectonic setting discrimination diagrams of granitic rocks 

(Pearce et al., 1984) allow the discrimination of the analyzed Berguda granitoids in to two 

major groups, i.e. volcanic arc granite and within plate granite (Fig. 5.2A and B).  

Accordingly, based on Rb versus Y+Nb discrimination diagram (Fig. 5.2A) all the studied 

samples from Wolena Bokosa Granitoid (WBG) plot into the Volcanic Arc Granite field 

(VAG) whereas samples from Hida Korma Granitoid (HKG)  plot into Within Plate Granite 

field (WPG) (Fig. 5.1A). Similarly, based on Nb versus Y tectonic setting discrimination 

diagram of Pearce et al. (1984), WBG is plot into Volcanic Arc Granite and Syn-Collisional 

Granite field while HKG is plot into Within Plate Granite (Fig. 5.2B). On other hand, 

multicationic diagram of Batchelor and Bowden (1985), it is concluded that the WBG is 

post-orogenic, while HKG is late-orogenic granitoid (Fig. 5.3). 
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Figure 5. 2 Tectonic setting discrimination diagrams for the studied rock samples. A. Rb 

versus Y+Nb diagram, B. Nb versus Y diagram (Pearce et al.,   1984). 

 

 

Figure 5. 3 R1 versus R2 multicationic diagram for the WBG and HKG (Batchelor and 

Bowden, 1985). 

 

 



52 

 

CHAPTER SIX 

6. CONCLUSION AND RECOMMENDATION 

6.1 Conclusions  

Field studies, petrographic and geochemical investigations have been suggested two different 

types for the Berguda granitoid intrusions: the Wolena Bokosa granitoid (WBG) and Hida 

Korma granitoid (HKG). The WBG is composed of Monzogranite and Syenogranite while 

HKG is Monzogranite and Granodiorite. Geochemical data indicates that WBG is Ferroan 

(Fe-enriched), calc-alkaline affinity, shoshonitic to high k-calc-alkaline, more felsic I-type 

with weakily Peraluminous character which shows its igneous protolith(s) is I-type granitoid 

and dominantly alkali-calc granitoid. Similarly, HKG is Ferroan (Fe-enriched), I-type, calc-

alkaline affinity and shoshonitic to high k-calc-alkaline. However, HKG is more mafic I-type 

with metaluminous character and alkalic to alkali-calc, suggesting that its igneous protolith(s) 

is I-type granitoid derived from melting rocks from continental crustal crustal base under 

condition of limited H2O and low oxygen fugacity. Both groups show high potash content 

with Fe-enrichment and silica, implies plutonic generation of magma and low ratio of 

Na2O/K2O for both groups is an indication of chemically maturity for the granitoid bodies. In 

general, I-type character for both groups indicates that both of them are derived from a 

comagmatic source as a result of fractional crystallization and mineral differentiation. On the 

other hand, the enrichment in most incompatible elements as well as substantial positive 

anomalies in Rb, Th, K, Pb, Zr and significant negative in Sr, P, Ti, Nb, Ta in both groups  

reflects the involvements of crustal source in their genesis. In terms of geodynamic setting, 

Berguda granitoid intrusion is classified as volcanic arc granite (WBG) and within plate 

granite (HKG). And ultimately, this study has been suggested that the emplacement for the 

Berguda granitoid is late-to post-Orogenic regimes.   
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6.2 Recommendation 

Even if the present work is considered as enough according to the objectives and aims are 

concerned, further studies had better to recommend in next works. As a result, the following 

studies will be recommended: 

 Field studies, petrographic and geochemical investigations verified chemical 

differences between the two groups (WBG and HKG). However, isotopic data is 

significant in addition to major-and trace-elements data to geochrological studies. So 

the research studies recommended that detail geochronological or isotopic 

investigations should be conducted to define absolute age for the Berguda granitoid 

intrusions. 

 The research studies conducted in small area coverage of sampling compared to regional 

which has not real representative of granitoid rocks of the area and region as whole. So 

the research studies recommended that wider area coverage through producing of large 

scale geological map to better understanding of genesis of granitoid rock of the area and 

related geological phenomena.  

 Most of Berguda granitoid types are characterized with considerable dimension, higher k-

feldspar with low mica distributions specifically WBG, massive and less fractured which 

makes them preferably good for dimension stone. As a result, it recommended that the 

granitoid should be studied further interms of their uses in dimension stone. 

 Artisanal mining activities were recovering gemstones by panning. So it recommended 

that the granitoid intrusions should be studied further interms of their economical uses.  
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