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Abstract

The Sagan-Afelata area, which extends east approximately 100 km from the Main Ethiopian
Rift towards ‘the Adola. gold 'ﬁeIds. is underlain by high-grade rocks. dominantly biotite and
quénzofeldspamic gneliss.l The gneissic rocks are characteristically of K-rich miner;xiogy and
appear to form a l;roterozoic supracrustal sequence rﬁther than Archean basement as thought
earlier. These rocks have a few intercalations of basic metavolcaric units and are at places
intruded by granitic plutons and hypabyssal equivalents. All have been variably dcfonned and
metamorphosed. |

The bulk-chemistry of a low-K calc-alkaline tonalite (dated at about 760 Ma, U-Pb on zircon)
and a basaltic arc-tholeiite of komatititic affinity outcropping east of the area suggest an islum;i
arc related niagmatism of late Proterozoic age. It is suggested that the protolith of the amphibolite
and the tonalite formed by Pan-African island arc magmatism over a west dipping late
Proterozoic subducti-on zone. A l;ter high-K megacrystic gmnitle intruded west of thé island arc-
related rocks sug~g_ests that the later phases of this continental margin magmatism took piace
within a relatively thickened (cordilleran type) crust. The iﬁland arc terrane to the east was
welded to the continental land masses on either side by subseqﬁent c;)ntinemal collision probably
at about 710 Ma (U-Pb date on zircon from a late syn kineqiatic granite), Two i:eralkaline 10
alkaline late to post tectonic gfanitic plutons (one of which IS dated at about 530 Ma), farther
west are iﬁterpreted as marking the stage of late to post-collisiional (anorogenic magmatism) in

this part of southemn Ethiopia.



The gneissic rocks were subjected to at least three distinct phases of deformation. The first.
D,. to which probably several generations of structures are attributed, formed migmatitic lavering
.thcn isoclinal folds that ransposed the layérs parallel to flat-lying regional foliation (S;), during
amphibolite to granulite facies metamorphism. The second, Dz, formed upright folds in S, and
parallel layers with subhorizontal NNW to NNE trending axes, accompanied by amphibolite
- facies metamorphism that overprinted most rocks. D, resuited in local E-W wending, open.-
upright folds that are confined to the eastern pal‘rt of the area. The sequence of structures (D, o
D,) rcslembles sequences that have been recognized in adjacent portions of the Mozambique belt
in southern Ethiopia and Kenya.

High metamorphic pressure (approx. 9 kbar) undex_' which granulites in the western part.of the
area formed indicates é.igniﬁcant crustal thickening, which may be related to collision-induped
major thrusting associated with the D, deformation. If is conjectured that the collision may be
of a Himalayan type as in th.e rest of lhe Mozambique belt to the soufh. The northerly trending
D, folds and the associated orogen parallel Imeanons (L,) indicawe sigrificant transpress:onall

crustal shortening across the bclt that appears to be due to the obliqueness of convergence.
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CHAPTER ONE

INTRODUCTION

This chapter describes how the project that led to this petrological, structural and tectomu study -
of Precambnan rocks in the Sagan Afelata area of southern Ethiopia was initiated. It ourlmeq
previous work concerning the Precambrian of Ethiopia and of the Arabo - Nubian shield. and |
: presentsl tiae principgl objectives of the tﬁcsis; The chapter also briefly descﬁbes the geography

of the Sagan - Afelata area.

1:1 The project

The project which led to this thesis was part of a reconnaissance mapping progxlam (1,:250.000
scale) undertaken by the reg.iongl mappi.ng department of the Ethidpia’n Institute of Geological
Suwey's (EIGS). The project targeted an area of approximately 21,000 km® in southern Ethiopia.
' The major portion of the target (map sheet NB 37-10) was mapped by EIGS geologists (Gichile
etal., 1986; Gabriel, 1987; Taddese, 1987; Getaun and Alula, 1987; Kiros and Kinetibeb, 1987).
The Sagan - Afelata area considered in this thesis, was selected for « ¢ detailed study of an
E-W crossection of the project area (map sheet NB 37-10). A reconnaissance study of the
eastern part of the thesis area was made by Gichile et al. (1986) and of the western part by
Getahun and Alula (1987). More detailed work, was conducted during the 1987 and 1988 field

seasons by the present author. This included more detailed mapping, collection of samples for
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geochronological and geochemical studies, air - photo interpretation and a mup compibation .
1:100,000 scale.
The Sagan - Afelata area was chosen becaqse it represents a bridging zone between o
relatively well studied "sglons of contrasting geology in the Precambrian of southern l:zhmpn
These are to the west, the Omo project area (Davidson et al. 1973, 1976: Shiferaw, 1981
Davidson, 1983), underlam by predominantly h:gh -grade gnelsm rocks and granulites and o the
east, the Adola area, underlain by lower grade metavolcamc metasedimentary roc]\s I.irucl\
studied for its gold mmerahsauon (Kozyrev et al. 1985) but also for its tectonic significance
(Chater and Gllboy, 1968; Gllboy. 1970: Chater, 1971; K.azmin. 1976).
| 'I'hese two areas are often considered as belonglng to two independent orogenic belts (e.g.
'Kazmm et al. 1978; Hepworth, 1979): the relanvely hlghcr grade Mozambique belt (Holmes,
1951) and a lower grade volcano - plutonic and sedimentary belt (Fig. 1.1a). The latter belt has
been referred to as the Red-Sea fold belt (Kazmin, 1971, 1975b an& Kazmin et al., 1978), the

Hijaz magmatic arc (Kroner, 1979), and Pan-African arc basins (Engel et al., 1980).

1:2 Previous studies '

Previous studies relevant to the thesis are presented in three categories: (1) farge scale works
dealing with the tectonics of the Precambrian basement of East Africa and the Arabian shield,
(2) studies on the Ethiopian Precambrian basement in general and (3) local works on the

Precambrian rocks in or close to the Sagan - Afelata area.
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1:2:1 Large scale studies: Much knowledge about thr: origin and evolution of the lower arade
Red Sea Fold belt are largely based on studies of the Precambrian basement of regions notih o
Ethiopia.. It is in these regions that volcanic, sedimemar_v. and plutonic rocks of the belt are more
voluminous (Fig. 1.1b), notably in the Arabian shield (e.g. Gréenwood etal, 1976; Al Shant and
Mitchell, 1976), the eastern desert of Ea\pt (e.g. Garson and Shalaby, 1976; Chuth 1982) and
to a lesser extent the basement of eastern Sudan (e.g. Fitches et al., 1983; Embleton et al.. 1982y,
As a result of these and other studies, it is acknowledged that the rocks of this lower grade beli |
originated in arc related setfihgs and were accreted to the Arabo - Nubian shield‘in Upper
Proterozoic time (see summaries by Gass, 1977, 1979 1981, 1982; vail, 198'% Fleck et al., 1930
and also chapter 2),

Increésingly more information, on ophiolitic rocks regarded as tectonically related 16 those
in the Arabian shield is also coming from the East African basement south of Ethiopix te.g.
Vemacombe, 1981; Shackleton, 1977; Berhe, 1989). However, the small size and the
dismembered nature of the belts formed by these rocks, in the polycyclic Mozambique belt south
of Ethiopia, has rendered hypotheses about their origin and their relationships to the high -'gmdc

.rocks (e.g. Hepwonh,l 1979; Shackleton, 1977, 1986) very tenuous (Vail, 1983).

1:2:2 Studies on the Ethiopian Precambrian: All the knowledge of the Precambrian basemem
of Ethiopia were obtained through the efforts of the EIGS and its affiliated projects. Thesc mainly
regional studies show that in Ethlopla the lower gr_ade volcano - plutonic and sedimentary belt
(the Red Sea fold belt) forms two or perhaps three N - S trending and south tapering branches

(Kazmin, 1971, 1973, 1978; Kazmin er al. 1978).
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The more extensive of these branches extends N - S in the western part of the country (Fig.
1.1b) and has been studied at reconnaissance levels (de Wit, 1977: Kazmin et al. 1979; Davidson.
1983; Mengesha and Berhe, 1988; Amenti, in progress) and at relatively more detailed scales by
the Gprc - Gambella - Geotraverse team (Moore et al., 1987) in 4 small area in southwestern
Ethiopia. The results of this last project (Mengist, 1986; Ayalew and Moore, 1989; Ayalew, 1988
and Ayalcw et al., 1990), indicate that the met.avolcamc and pIutomc rocks developed in Upper
Proterozoic volcanic arc settings and Lhe present low and high grade assemblage was perhaps
brought about by a continental collision conﬁrming an earlier region_al geologic’al interpretation
(Kazmin et al., 1979). o

The central branch, which outcrops in the Adqla area and bounds'the 'Sagan - Afelata area to
the east (Fig. 1.1b), has been the .subject of ‘numerous wofks oriented towgrds mineral
exploraﬁon. the most important of which is by Kozyrev et al. (1985). Also included are two
tectono - stratigraphic studies (Gilboy. 1976 and Chater, 1971). The Bulbul - Agere Mariam
mineral exploraﬁon project of thg EIGS is presently underway, along the western margin and also
on a southemn extension of this belt,

Apart from these studies, which involved considerable data accumulation, s.ome largely
interpretative papers (Bogliotti, 1989; Beraki et al. 1989) have been published recently. Unlike
for the western belt, none of these studies has given rise to a satisfactory plate tectonic model
based on petrochemical data for the evolution of the central branch and its relationships to high-
grade gneissic blocks bounding it on either side.

In general, lack of geochemical and geochronological data limits tectonic interpretation of the

Ethiopian Precambrian rocks. In a few cases for example Kozyrev et al., (1985) geochemical
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work has been carried out but no artempt has been made to use these data in muk'u_lg tectoniy
interpretations. Thus, except for the Gore - Gambella Geotraverse, and this thesis, no cambined
geological, geochemical and geochronological work focused on the tectonic settings and the |
reIationships’ between the high - grade gneisses and the lower grade volcano - sedimentary belts

has been conducted.

_ 1:2:3 Local studies: No previous géological work covers sﬁeciﬁcally the Sagan - Afelan areq.
However, a 'regional study of the Yabello district based largely on air pho;o i'meqlnret:ui'on. ‘
(Kazmin, 1970) inclpdes the Sa;gan - Afelata area. Wardeq (1976) described most.‘of the assumed

tectono-stratigraphic units (Kazmin, 1973) in his unpublished catalogue of Precambrian rock units
of Ethiopia. Two more recent studfes on parts of map sheet NB 37-10, Getahun and Alula (1987)

and Gichile et al. (1986) have been modified and incorporated in the accompanying geological

map (Fig. 1).

1:3 Thesis objectives and scope

As mentioned above, the Sagan - Afelata area, is bound on the east by the Adola belt (Kozyrev
et al. 1985) belonging to the central branch of the Red Sea fold belt and on the west by the Omo
- project area (Davidson, 1983) regarded as a part of the high-grade Mozambique belt. Rocks
akin to both of these belts are present in this area and from previous work their relationshi ps and
tectonic settings are unknown, Thus, a principal objective of this thesis is to establish the tectonic
setting of the central branch of the Red Sea fold belr of Kazmin (1971) and understand its

. relationships with the conu'asting higher grade Mozambique belt of Holmes (1951) in southern
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Ethiopia.

Another related objective is to study variations in metamorphic conditions and structural styles
from east to west across the area and fill in the gap of geological knowledge between the two
relatively well studied Omo project (Davidson, 1983) and Adola (Kozyrev et al., 1983) areus.
Accordingly, the thesis analyzes structural, metamorphic and petrochemical data of selected

| magmatic units and suggests the probable late lProte'rozoic plate tectonic setting.‘ for the area.

An important conclusion reached earlier in this thesis project based on petrochemical data
(Gichile, 19902) and preliminary U-Pb (zircon) dating (EIGS, unpublished data) is that a
gneissose piutonic unit, previously assumed to be part of the high - grade gneissic terrain, of
Archean age (Kazmin, 1973; Warden énd Horkel, 1984) is a product of volcanic arc related
plutonism related to the lower grade Proterozoic (Adola) belt. In a Iatef report (Gichile, 1990b)
it has‘ been suggested that rocks of both the high and lower grz;de terranes within thg Sagan-
Afelata area are of Proterozoic than Archean age. Possible plate - tectonic models for the late
Proterozoic evolution of rocks in the area and the adjacent Adola area forwardgd subsequently

(Gichile et al., 1991a and b) are outlined in this thesis,

1:4 Geography
I:4:1 Location and size

The Sagan - Afelata area covers approximately 3600 5q. km. It is elongated E - W about 110
km and straddles the Sagan half graben at the southern termination of the main Ethiopian rift
segment of the east African rift system (Mohr, 1967), to the west, and the western margin of the

Adola gold fields (Kozyrev et al., 1985) to the east. It is bound by latitudes 5° 15’ N and 5° 30’
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N and longitudes 37°30' E and 38° 30’ E (Fig. 1). The name Sagan - Afelata area is given
to this thesis area from the name of two relatively big rivers, Sugan and Afelat that drain the

southwestern and northeastern corners of the area respectively (Fig. 1)

I:4:2  Accessibility
The main access to the area is the Addis Ababa - Moyale highway which runs N - § alony the
western margin of the eastern quarter of the area. Other motorable tracks in the Sagan - Afelan

area can only be travelled by 4-wheel drive vehicles, particularly during the rainy seasons.

1:4:3 Physiography

The Sagan - Afelata area has a ﬁigh relief (dbout 1500 m) from less than 900 m ubdvc sei
level at the floor of the Sagan half graben in the southwestern corner of the area. to 2350 m
above sea level on top of the Bergudda block in the central part. Mountain ridges generally run
N - S, while main streams drain southeast in the eastern half of the area and southwest in' the
western half. An exception to this is the r;onherly drainage in the Lula graben, east of the
spectacular Amaro horst, a Tertiary tectonic edifice in the southernmost part of the muin.
Ethiopian rift system (Levitte et al., 1974; Wolde Gabriel et al., in press) in the west central part
of the area,

The divergent drainage system appears to have been controlled by Tertiary uplift, plateau
volcanism and later, rift - related, sub - longitudinal, block faulting and perhaps rotation (away
from the rift axis). However, it is obvious that the Tertiary movements and structures were

controlled by, the regional, N - S trending, Mozambiquian metamorphic grafn (see Gichile et ul.



1986) and major Precambrian structural discontinuities.

I:4:4 Vegetation

The Sagan - Afelata area is fairly vegetated. Dense, equatorial forest is limited to an eastern
highland area (the Megadda forest). In most other parts of the area, bushy vegetation dominated
by thorny trees is common. The latter is particularly sc'cnic in the Sagan graben in the west and

in the Hiddi Asasu \}alley in the east,

1:4:5 Population

Population density is variable and is the highest in the west central part of the Sagan - Afelata
- area, where dense villages inhabited by the Burji peéple are interspersed in weil cul.tivated farm
lands. In contrast, the rest of the‘ area is inhabited by Oromos (Borenas and Gujis) and fewer
Gebra people who live in widely spaced settléments, in the midst of vast bushy grazing land.
Relatively urbanized villages with permanent market places nurhber only four in the entire area

~and the total population of these villages is small.
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CHAPTER TWO

REGIONAL GEOLOGY

Introduction

As in all. other Precambrian shields (Hoffman, 1988, 1989, Windley, 1984) the
Precambrian of Africa consists of Archean cratons welded together by Proterozoic mobile
belts of different ages. The cratons, can be regarded as microplates and the mobile belts,
as intervening collisional belts. The collisional belts may have been initiated as
continental rifts (Porada, 1989), and may have passed through the stage of océunic ritts
before closure and eventual collision.

The Precambrian of north east Africa is composed of two Archean cratons and IWo
genetically related Proterozoic mlobile belts (Fig. 1.1b). The Archean cratons are the
Tanzanian shield (Clifford, 1970, Bell and Dodson, 1981) and the largely unexposed.N ile
shield (Cahen et al., 1984). Lying to the east of these shields are the two mobile belts,
the Mozambique belt (Holmes, _1951) and the Red Sea fold belt (Kazmin, 1971,

The Sagan-Afelata area is situated far from the cratonic areas and streiches across a

boundary between the two mobile belts. Thus, the following review will be limited to

these two belts.
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2:1 The Mozambique %elt

The Mozambique belt of Holmes (1951) is a Proterozoic collisional beit (Shackleton,
1977, 1979) that extends along and underlies the eastern margin of much of the African
continent (Fig. 1.1a). It is shorter than Phancrozoié orogenic belts such as the Alpine and
Himalayan chains or the Proterozoic Grenville belt. However, it is wider than most
Phanerozoic belts.

This belt althougﬁ known for long is vaguely defined, geochronologically (Muhongo
et al., 1937) a_nd also structurally (Hepworth, 1979). It bears the records of a wide range
of metamorphic ages (Céhen et al. 1984) and is‘bélieveci to be pon-cyélic One of the
better known featurcs of this belt is its western front, which although at most places
obscured by Cenozoic volcanism and tectonism related to the dcvelopment of the East
African rift system, is relatively- well defined south of Ethiopia (McConnelI, 1980:
Hepworth, 1972). In Kénya, close to southern Ethiopia the front is represented by
relatively narrow zones of mylonites along the Nandi escarpment (Sanders, 1965) and also
a belt of dismembered ophiolitic rocks interpreted to mark the suture zone between the
belt and tne cratonic foreland (Vearncombe 1981, 1983a and b)

In contrast, in Ethiopia and areas to the north this boundary is uncertain (Vail, 1976;
Vail and Hughes, 1987; Kroner et al., 1987). In Sudan the front is commonly taken to be
at about the longitude of the river Nile (Vail, 1'979, 1983; Hepworth, 1979; Ries et al.,
1983). However, more recent work (Ries and Shackleton, 1985) shows that the true
boundary must lie furthér to the west. This observation suggests that the front is perhaps

to the west of the Ethio - Sudanese border at the latitude of the Sagan - Afelata area.
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Internally, the belt is characterized by major and minor folds and metamorphic fabrics
that predominantly and consistently rrend between NNE and NNW, and consists of high-
grade (amphibolite to granulite facies) gneissic rocks. Greissic units form two broad
tecfonic sequences termed "geosynclinal” and "ves:igeosynclinul" or "vestigial” facets
(Clifford, 1970). These terms_although they have almost lost their original genctic. ‘
meanings l(Shacklcton, 1977, 1986; Burke and 'Sengor. 1986) aré being used (Hepworth,
1979; Bell and Dodson, 1981) in order to distinguisﬁ between what are believed 1o be,
older tectonically reworked basement (vestigial) and.relaﬁvely you.nger and hetefogenous
cover (geosynclinal) sequences. |

The geosynclinal facet, extends northwards (Hepworth, 1979) to include the lower
'gradlel volcano;plutonic and sedimentary rocks of the Red Sea fold belt of Kazlmin (1971).

- Following this line of interpretation the extension of the Mozémbique belt into the
Arabian shield as a basement core underlying the rocks of the Red Sea fold belt has been
a point of debate for some time (Hepworth, 1979). However, although the relation
between the two belts is being accounted for differently, rather than by the classical
basement-cover relationship (Burke and Sengor, 1986, Key et al., 1989) the presence of
the rocks of the‘Mozambique belt in the Arabian shield as a rifted basement is being

acknowledged (Stacey and Hedge, 1984, Stoeser and Camp, 1984).

2:1:2 The Red Sea Fold belt

This belt of lower grade rocks (Fig. 1.1a) is composed of calc-alkaline voicanic and

plutonic rocks with associated marine, predominantly volcanogenic, sediments. The grade



]

‘el

of metamorphism, is commonly in the green schist facies (Kazmin, 1971, 1973; Kazmin
et al. 1978; Hepworth, 1979). However, data from the Sagan - Afelata area (Gichile et
al., 1986 and this.work) and the adjacpnt Megaddo region (Chater, 1971, Kozyfev et al.,
1985) indicate that at least a part (probably lower structural levels), of these rbcks have
been subjected to regional ampbhibolite facies metamﬁrphism (see Chaptcrs 5and 7).

The metavolcamc and metaplutonic rocks of the Red Sea fold belt as pomted out m‘
chapter 1 were accreted to the Arabo-Nublan shield by Pan-African (late Proterozoxc)
3 ‘lpl.ute margm magmatism (see summaries in Gass, 1977, 1979, 1981, 1982). A. "pseudo-

' sn-z;tigraphic" three fold classification, spanﬁing the Pan-Af;ican ;ime (1'200' - 500 Ma). |
was proposed for meSe‘.roc.ks by Gass (1981). This scheme, bﬁsed on observations in the
' evblu-tiona:y trend of magmatic products in the Arabian shield, is presented in Table 2.1.
The scheme shows Fhat. the Lower Pan-African is don;inated by dioritic plutonism and
attendant low K-tholeiitic volcéni;sm, while the sﬁb’sequent events Middle and Upper Pan-
African become increasingly dominated by more felsic products. The youngest episode
is dominated by granites, granodiorites, thyolites, and rhyodacites (Gass, 1979, 1981:
Roobol et al. 1983; Stoeser, 1986). | |

Although rigorous chronostrétigraphic correlation, of the rocks in different parts of this
belt, on the basis of this subdivision is unsound, the scheme reflects the general
evolutionary trend of the magmatic products of Pan-African plate-margin magmatism in
the belt in time (Jackson, 1_986. Stoeser, 1986). Thus, it may be used to access
qualitatively the probable evolutionary stage at 'which a rock association or a speciﬁc

segment of an "arc-basin” (Engel et al. 1980) evolved at least in the Arabian shield
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(Roobol et al., 1983).

These, juvenile Late Precambrian magmatic rocks, of the Red Sea fold belt developed
in subduction related environments, which vary from oceanic (island arc) to continental
arc types. In the Arabian shield, where these rocks are relatively extensive and have been
studied more thoroughly, mcks occurring in the west i.e. west of the \abn.m orogen (Al
" Shant .md Mitchell, 1976) are known to have been evolved in more of oceanic settings,
while terrams to the east have more continental characrensncs (Stacey and Hedge, 1984:

Stoeser and‘C‘amp. 19835; Stoeser, 1986; Jackson, 1986; Ramsay. et al. 1986).

In tﬁe adjacent region.s-of‘ northeast Africa. rﬁaomatism took pIace, in a probably
cordilleran semng in northeastern Egypt (Abdel Rahman, 1986, Abdel Rahman and
Ma.mn 1987, 1990) and i in vaned environments related to more oceanic arc scttmgs, of
‘probably different maturity, in southeastern Egypt (Engels et al. 1980; Ries et al.' 1985)
aqd- the northeastern Sudan (EI-Nadi, 1990, 1989; Fitches et al. 1983; Vail, 1979, 1983,
1985; Almoqd et al. 1989; Kroner et al., 1987). |

In Ethiopia, on the basis of limited geochemical data and the relative proportions of
felsic to mafic magmatic products, probably diachronous accretion of juvenile crust
appears to have taken place at at least two different type of arc settings and/or arcs of
different maturity. |

The western and bigger branch (Fig. 1.1a and 1.1b) extends from‘ Eritrea (Mohr, 1979)
in the north, to the Akobo basin {Davidson, 1983) 1o the south, and is disposed far to the
west of the Sagan-Afelata area. In western Ethiopia, this belt which perhaps consists of

a number of arc-basins (de Wit and Chewaka, 1981) is dominated by intermediate
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plutonic rocks of dioritic and granodioritic compositions (Amenti, in preparation. Kazmin
- etal. 1979; Mengesha and Berehe, 1988). These plutonic rocks are associated with coeval
compositionally equivalent calc-alkaline arc lavas and pyroclastic rocks of bnsu_ltic-
andesite, andesitic. a_nd rhyolitic compositions, of which andesites are the predominant in
southwestern Ethiopia (Mengist, 1986) and also in Tigrai to the north (Be_vth. 1971,
Morton, 1981, Garland, 1980). It is in this later area (Tigrai) that the voleanies appear to
| be the most extensively developed (the Tsalit metavolcanics of Kazmin, 1973)

The Eeochemlstry of the magmatic products of the central branch has not been studied |

as of yet even 1o the extent of that of the western branch. In the relatively well e.\'poscd
southefn_ segment of this central branch, i.e the Megaddo region (Chater, 1971) of the
- Adola area and the Afelata domain of the thesis area, the intrusive phases are gabbroic
10 monzogranitic, with quartzdiorites and tonalites as the predominant rock types (Chater,
1971; Kozyrev et'al., 1985; Gichile et al., 1986). The associated volcanic rocks are
predominantly basaltic rather than andesitic (Chater, 1971; Kozyrev et al. 1985 and also
this work).

In the eastern part of the Sagan - Afeleta area as shown in chapter 6 the plutonic
association is represented by a tonalite and a monzdgranite, while the volcanic unii(s) is
a low K tholeiite of an apparently komatitic-basalt affinity. These magmatic rocks are
interpreted in here (Chapter 6) as indicative of an immature island arc setting, for the
Afeleta domain of this work and the Adjacent Megaddo'region. Thus, these rocks and the
tectonic setting they indicate is much similar to that of the lower Pan-African (Gass,

1981, Table 2.1) magmatic rocks of the Arabian shleld (Roobol et al., 1983, Gass, 1979,
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1981). The type of voicanic products also appear to be similar to that of the Lute
Precambrian of the Moyale area about 200 kms to the south (Berhe, 1989).

The central volcano - plutonic branch is therefore contrasting to that of the western
branch, lwhich probably represents a more evolved relatively mature arc setting. The
western branch magmntic rocks appear to have more of the characteristics of the Middle
Pan-African 'terranes (Gass, 1981) of the Arabian shield (Table 2.1). However, some of
the early mafic (gabbroic) associations perhaps represent early immature island arc |
.environmenfs in the tectono-magmatic evolution of this bigger branch.
2:1:3 The Pan-African

This fenn was originally utilized (Kennedy, 1964} to refer to what was belicved to be’ |
a thermo-tectomc episode responsible for the widespread radiometric dates at about 500
Ma from the Precambna.n of most of Africa. In contemporary literature, the Pan-African -
is used to refer to time, orogeny and also orogenic belts. In its time connotation. it is very
commonly used to denote the time span from 1200 - 500 Ma (Gass, 1981, Stoeser and
Camp, 1985, Schmidt et al., 1979). This time is tho time from initial, continental rifting
through oceanic accretional stage to the orogenic stage for the Pan-African orogenic cycle. -
The two hnuts of this time range correspond to the appro*umate time of initiation of
rifting (1200 Ma) of the Pan-African arc-basins of the Arabian shield (Stoeser and Camp,
1985) and also that of the Dahomey-Pharusian belts (Cabey et al. 1981, Black et al.,
. 1979, Black, 1984) and the final cratonization (500 Ma).

Globally, the older age limit is believed to be the time of iniiial fragmentation of a
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Proterozoic supercontinent (Sawkins, 1976: Windley. 1977, Kroner, 1979, although there
are counter arguments that maintain that this fragmentation did not ke place until atter
570 Ma on the basis of palacomagnetic data (e.g. Piper, [982). The later age coincides
with the peak of basement rejuvenation ages in older orogenic belts, ie. the
tectonothermal event of Kennedy {1964), and signifies the approximate age of
cratonization of the Gondwana supercontinent at its final stage of aggregation.

Thus, in its geographic context, the Pan-African is used to refer to, not only orogenic
belts in Africa but also genetically related Late-Proterozoic 5elts in-the rest of the
Gondwana continents (Mc Willi'ams.' 1981: Porada, 1979, 1989: Black, 1984; Bernasconi,
1983, 1987). Tectonically, the term also applies not only to newly accreted belts, like the |
- Red Sea fold belt (Kazmin, 1971), discussed above, but also to older polycyclic mobile
bellts, in which Late-Proterozoic wide scale isotopic resetting (Cahen et al., 1984) has
taken place. The Mozambique belt, the Zambezi belt and the exteriors of the Dahon_n:_v -
Pharusian belt (Caby et al., 1981; Black et al., 1979; Black, 1984) of Africa and the
Moﬁtiqueira belt (Bernasconi, 1987) of NE south America are important examples of this
second category. |

In this thesis the usage of the terms Mozambique belt, Red Sea fold belt and the Pan-
African is, unless other wise stated, as described in the above review, The use of the Pan-
African orogeny as is suggested (Jackson and Ramsay, 1980) to denote events at around
500 Ma is avoided in this work also. The other erm "Mozambiquian orogeny" is also not
used because it is even more controversial and is quoted arbitrarily and locally (see

Muhongo et al. 1987 and the references there in, also Hepworth, 1979),
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CHAPTER THREE

ROCK UNITS

Introduction

'Prccambrian rocks 'outt:ropping over a large part of the Sagan-Afelnta area ure
Igenerally polydeformed and metamorphosed at medium to high grades. Quartzofeldspathic
rocks, which are derived from both sedimentary and igneous rocks and fol:iated granitoids
are the predominant rock types. Nex_t in abundance is a semi-pelitic and pelitic migmatitic
bintite gneiss. with intercalations of subordinate rock types, that include thin units of
'amphlbohtes, and quartzofeldspathlc rocks with variable amounts of hornblende and
biotite. Independent units of amphlbohte and mafic granuhte also form mappable units.
Ultramafic schist, calcsxhcate rocks, quartzite, garnet - plagioclasc schist and sillimanite -

muscovite schist occur as volumemcally ms1gmﬁcant parts of larger units in the eastern
part of the area.

These metarnorphic rocks are unconformably overlain by Tertiary and more recent
volcanic rocks. The volcanic rocks are most extensive in tne western part of the area,
where they floor the Sagan half-graben, which is at the southern termination of "The Main
Ethiopian Rift" (Mohr,l 1967). Volcanic rocks also cover the escarpments and highlands
to the west, east and south of this half grnben. In contrast, in the central and eastern pnn
of the area, outcrops of volcanic rocks are limited to a few basalt flows, which are

generally thin and occur in small isolated outcrop areas. However, in these parts of the
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area lateritic soil is common, and at places grades into regoliths containing small outerops
of weathered basaii. This gradation and the confinement of the thickest outcrops of the
volcanic rocks to valleys suggest that most of the present land surtace in the central and
eastern part of this project area is a close approximate to the uncontormity between the
Tertiary volcanic rocks and the Precambrian basement (Gichile et al.1986).

This chapter describes lithologic and perrographic characteristics of the major
Precambrian - Paleozoic métamorphic' and plutonic fock units and .outlines their
distribution and contact relationships, .Informal “lithostratigraphic” names as;igned o
major rock groups formerly considered as stratigraphic units (Kazlmin. 1973; Kazmin et
al. 1978; Warden, 1976 and Warden and Horkel, 1984) are referred to, in order fo fel:ne
the present study to pfeyibus work on the geology of the Ethiopian Precambrian. Table
3.1 shows the names of the main “stratigraphic” units (more correctly tectono-
metamorphic units) shown on the geological map of Ethiopia (Kazmin, 1973) and their
relationship to rock units re;:ognized in this work.

The order in which rock units are described is not necessarily stratigraphic, but
wherever a time relation could be inferred the relationship is pointed out in the
descriptions of the relevant rock units.

The description is aided by subdivision of the area into three domains (Fig. 1) which
are from west to east the Sagan, Fincha and Afelata domains. These are distinguished by
combined differences in lithological assemblages, structural style, and to a lesser extent
metamorphic grade. The boundary between the eastern Afelata domain and the central

Fincha domain is a major scale tectonic boundary, the Kolle-Altuntu lineament of Gichile



Table 3.1 Tectonometamorphic units to which main rock u
and locality based names used in this work.

Map unit
deslgnation
In this
work

(Flig. 1y

_'AD3
AD2

AD1

FD 8

FD 7

FD 6

FD 5
FD 4
ED 3
FD2

FD1

SD1

Tectonometamorphlc unit
to which the unit belonged
on the geologlcal map
of Ethiopla (Kazmin,

1973).

unrecognized

Adola group

Alghe gneiss

poSst - lectonic
granite

Yabello gneiss

- syntectonic

granites ?
Awata gneiss
Yabello gneiss
Awata grleis;
Burji gneiss

Awaa gneiss

Konso gneiss

Posltion In the
three complex
classifcation

aof the Ethlopian
Precambrian
(Kazmin, 1973),
Upper complex

Upper Complex

Lower Complex

.............

------------

Lower complex
Lower complex
Lower complex
Lower uompEx

Lower complex

Lower complex

nits within the Sagan - Afelat area befong,

Locallty based
names used In this
work,

Koralle pyroxenite

Hiddi Asasu
amphibolite

Sebbeto tonalie

Bergudda comp lex

Kinsho granite

- small foliated

granitoids
Alunt graﬁite
Fincha gneiss
Melu gneiss
Bu.q: gneiss

Bokossa granite
gneiss

Sagan granulites
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et al., 1986, marked by a large (tens of kms long in southern Ethiopia) lincament which
has been photogeologically traced over hundreds of kms farther to the north and sowih
(Vail, 1983, see also lineaments in Chapter 4). The boundary between the Fincha domuin
and the Sagan domain to the west may alsb be tectonic. However, the nature of this
boundary cannot be ascertained because it is obscured by extensive‘ Tertitry - Quaternary

volcanism and faulting related to the development of the East African rift system,

3.1. The Sagan domain (SD)

The S;;gan domain, in the westernmost part of the project area underlies the Sagan half-
graben, Only two small iso!at‘ed not more than 3 km x 5 km wide outcrops of
Precambrian rocks are known in this domain. The predominant rock type in both outerop
areas is mafic granulite with subordinate quartzofeldspathic rocks, also of probable
granulite grade (fnap unit SD 1). Unique to the northern outcrop is an E - W strike of the
foliation, transverse to the N - S wend, that is pfedomipant in the other domains and also

within the Mozambique belt in general (Kazmin, 1972, Getahun and Alula, 1987).

3:1:1 Mafic granulites (SD 1)

SD 1 mafic granulites are part of the "Konso Greiss" of Kazmin (1973). Banded 1o
massive mafic granulites predominate over minor intercalations of quartzofeldspathic and
quartzitic rocks. The mafic granulites, are characteristically light to dark grey. Felsic
compdnents (feidspar and quan;) are darker than in lower grade equivalents, plagioclase

is light greyish and oppalecent while quartz is commonly bluish grey.
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In the southemn outcrop area, banded mafic granulite predominates over massive tvpes.
Dark, pyroxene - rich, layers with or.without garnet porphyroblasts, alternate with thicker
and lighter plagioclase rich layers (Plate 3.1). Individual layers vary, in thickness, from
thin (thin section sqale, Plate 3.2) to up to 3 cm. Banded mafic granulites along the
southemn bank of the Sagan river, are also cross - cut-by quartz - plagioclase veins (Plate
3.3). Some of these veins are less cor;tinuous as the rocks grade to more massive, less
veined, pyroxene rich types with relatively minor amounts of plagioclase and quartz.
Granulites in the northem outcrop area are, as described by Getahun and Alula‘(1937). .
‘commbnly greenish black, mcdiur'n grained, weakl} foliated to massive rocks, that are |
dark grey on weathered surfacgs. |
In both outcrop areas, plagioclase, quartz, pyroxene (both calcium pyroxenes and
orthopyroxene), homblende, less commonly garnet, K feldspar and opaque minerals are
the major component minerals of the SD 1 mafic grax;ulite. Ip outcrops along the northern
bank of the Sagan rivér garnet porphyroblasts are unusually coarse and are rimmed with
plagioclase grains. Approximate mincrﬂ proportions of representative specimen from
these rocks are given in Table 3.