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The Wukro area is constituted by weakly metamorphosed largely
Precambrian age volcano-sedimentary rock units of Tsaliet Group, Tembien
Group, Didikama Formation , Hatheos Formation and pebbly slate which formpart of the Upper Complex of the Precambrian basement . The younger
Palaeozoic-Mesozoic sedimentary cover consisting of the Enticho Sandstone,
Edagga Arbi Glacials and Adigrat Sandstone unconformably overlies the
Precambrian units .

Detailed structural analyses at macro, meso and microscale have
revealed three generation of ductile deformational events ( Dj , D2 , & Dj ) and
late faulting. The first phase of deformation Dj is characterized by
transposition phenomena which has obliterated the original stratigraphy
and produced rootless intrafolial foldings . The intensity of
transposition is greatest on the rocks of Tembien Group and DidikimaFormation and is least on the rocks of Hatheos formation and Pebbly slate.
Associated with the Dj deformation is the N-S trending Sj foliation largely
defined by slaty cleavage.

The second phase of deformation Dj is characterized by the.
development, of a (10 *-20‘) — > (170 *-195‘) plunging overturned major folds,
which has folded the structural elements of the Dj generation . It
developed two synforms and two antiforms, namely North Western Synform,
Western Antiform , Central Synform and Eastern Antiform from west to east .
The planar fabric element S2 produced by this generation is nearly sub-
parallel to S« along the limbs of the P2 folds and is nearly perpendicular
to Sj along tne hinge zones of the D2 folds.

The third phase of deformation Dyis the last deformation event in
the study area . Throughout the area its effect is a development of

^ndulations on the previous N-S trending composite ( Sp S( S2 ) surfaces .
Its effect is greatest in the North-Western synform , where the D2 axial
plane appears to have a curvilinear ’' trace.

Following this event, is an intrusion of small granite and dykes into
the rocks of the Tembien group and Didikama formation .

Metamorphism in the area is largely synchronous with the Dj and D2deformations. Metamorphic conditions during those deformations were
restricted to low gree.nschist facies.

Following peneplanation of the basement and deposition ofPalaeozoic-Mesozoic sediments , numerous normal faults affected the
basement and the younger sedimentary cover succession .
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1. INTUODUCTIOH

1.1 LOCATION AND ACCESSIBILITY

The study area is located in Tigrai administrative

region; in the province of Hulet Awilalo. The principal

tovm is Wukro (latitude 13‘30'N and longitude 39’30'E )

and it encompasses the Negash village located some 8 km

north of the town. The Negash village, being within the

study area, is situated at 840 Km from Addis Ababa on

the main road running from Addis Ababa to Adigrat through

Mekele. The area is bounded by latitudes 13* 49'N and

13* 541N, and longitudes 39* 34'E and 39* 44'E (fig

1.1). The southern boundary is marked by "Wukro fault

belt" (Beyth, 1971). The area in general is intensively

dissected by streams which provide good exposures of the

rock units. Physiographically, the study area is located

at the eastern margin of the western highlands of the

country. Within it, the altitude generally decreases from

2900 metres above sea level (close to Astbi Bota)

westwards to the western lowlands (1500 metres above sea

level),

Except the all weather Addis ababa - Adigrat road

passing through the western part of the study area,

access by car is generally poor due to the elevated

1
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ridges and deep valleys. All traverses were, therefore

made on foot.
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Fig.1.1 Location map of the study area, Vukro.

2



r .v * :-vf - i *‘.o

. r- f <v- • . • -’?:*

1.2 CLIMATE AND VEGETATION

Although the climate and vegetation of the Negash

village and/or the Wukro town are not well studied,
generally the area has a mean annual temperature ranging

from 15’C - 20*0, and a mean annual rainfall of about 520
mm. Climatically it belongs to the temperate region. Two
small rivers meet in the study area: The Genfel river and
Getebhidat river. These two small rivers with their
tributaries emanate from the elevated highlands of the
region and flow through the area in different directions
to join the Nile river.

The dominant vegetation types of the area are Bush
formation and Mountain Savanna: these include, wood
lands, acacia forests and ever green thickets. Associated
with Savanna, a grass cover of Hetropogon and Danthonia
grass is found. The area has been inhabited for long time
and wherever there is sufficient soil, intensive
cultivation is practised.

1.3 PREVIOUS WORKS
I' •

.•»

Although the Tigrai administrative region of
Ethiopia, has received a good deal of scientific,

attention as compared to the rest of Ethiopia (from as
early as eighteenth century); the standard reference work
for the geology of the province is that of Merle and
Minucci's "Missione geologica nel Tigrai" (1938). All

3
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subsequent researches were based on Merla and Minnuci's

work to complete stratigraphic column, and produced a

reconnaissance geologic map at a scale of 1:400,000 with

accompanied reports.

Dainelli (1943), in his work on the geology of the

eastern Africa, gave an account on the basement complex

and the sedimentary sequence of the area (from Garland

1980).

Mohr’s, (1963) text book entitled "The Geology of

Ethiopia" is a compilation and modification of data from

Dainelli, with much new detailed information of his own.
In this work, he tentatively divided the Precambrian

rocks of Ethiopia into an older, more metamorphosed, and

a younger, less metamorphosed group separated by an

unconformity.

Many other works undertaken on the Tigrai region

did not include the present study area. The most

important studies on the immediate vicinity of the

studied area includes the works of Beyth (1971). He

recognized the different lithologies, with particular

attention to 1 he basement rocks, giving a detailed

account on the classification, mapping and stratigraphy

of basement rocks. He divided the basement rocks broadly

into tv/o big groups, one of which is further subdivided

into four different formations , (see section 2 ,2)

Levitte (1970), mapped the region systematically

and subdivided the basement into four formations (see

section 2.2).

4



mmmr--5 iFv=ru

'•«•-v^*•;,^,5^.

Arkin et al.(1971) produced Geological map of the

Mekele sheet including the study area at a scale of

1:250,000 with accompanying explanatory notes (after

Beyth, 1971).
Garland (1980), in his geological map of the

Adigrat area, gave the stratigraphy of the study area

(which is 15km below the southern limit of his map).
According to hjm, the basement rocks of the study area

are divisible into two groups and two formations (see

section 2.2).

1:4 OBJECTIVES OF THE PRESENT WORK

Even though studies on the geology of Tigrai

commenced early in eighteenth century, the details of the

Precambrian rocks of the region are only known through

the works of Beyth et al. (1971), Levitte et al.(1970)

and Garland (1980), These .md other previous works on the

geology of the Tigrai region have only mentioned the

structure of the Precambrian rocks briefly. Thus, the

main purpose of the present work is studying and

describing the structural details, (i.e, including

geometrical analysis of the study area ) in order to:

1. Produce detailed structural map at a scale of

1:12,500

2. Determine the kinematic significance of

deformation phases, and

5
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3. Elucidate the relative tectonic history of the

region

1.5 MATERIALS AND METHODS

A topographic map at a scale of 1:250,000, aerial

photographs at a scale of 1:50,000, 1:12,500, and a

geological map at a scale of 1:250,000 were available.
Brunton compass, altimeter, pocket stereoscope, camera,

overlays, hammer, rucksack, hand lenses and Hcl acid were

the field equipment packed to the site of the study area.
The field work commenced with a reconnaissance surveying

on the potential map area to get a general knowledge of

on the quality of exposures, the type of rocks present,

the general distribution of lithologies and structures.
This was followed by geological mapping of the area which

is about 100 sq. km at a scale of 1:12,500. Rock samples

were collected for microscopic analysis. Most important

structuial details of the area were measured. This

includes structural elements (such as lineations, fold

axes, foliations ) which are presented on the structural

map (see back wallet).

Equal area plots of structural measurements were

nude in the laboratory to determine the mean orientation

of planar and linear fabric of different generations and

to determine mean orientation of fold axes and axial

planes. Finally,using these plots the orientation and

description of the large folds in the area were made.

6
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CHAPTER IX

Z - REGIONAL GEOTXX3Y AMD BTRATIGRAPHY

2.1.GENERAL

The basement rocks of Ethiopia with ages over 600

ma are exposed in parts of Hararghe, Sidamo, Bale,

Illubabor, Gojjam, Wollega, Gondar, Tigrai and Eritrea

provinces (Kazmin, 1971). According to Kazmin (1971),

Precambrian rocks were subjected to several orogenic

episodes since their formation. The basement rocks

contain a wide variety of rocks of sedimentary, volcanic

and intrusive origin. These are metamorphosed to varying

degrees,

At the end of Precambrian, uplift occurred which was

accompanied by prolonged period of erosion. Any sediment

deposited above the basement rocks during the Palaeozoic

have been largely removed by erosion except some shales

and deposits of glacial origin laid down in the northern

parts of Ethiopia (Kazmin, 1971). During the Mesozoic,

subsidence occurred. Subsequently, marine transgression

have deposited a thick unit of sandstone, mudstone and

limestone on the old erosional land surface.
Extensive fracturing of rocks accompanied by

widespread volcanic activity which occurred during

Conozoic largely determined the form of the landscape in

the western half of Ethiopia (Kazmin, 1971).

7














































































































































































































































