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The geology, geomorphology and soils of the Kulubi area,

in eastern Ethiopia, are described.
The succession of rocks in the region comprises Precambrian

rocks consisting of gneisses, granites, and raigraatit - es overlain

by a trachyte flow; Lower Sandstone Unit (Triassic to Lower

Jurassic) consisting of a lov/er arenaceous and an upper calca-̂
reous sub-units; Limestone Unit (Lower Jurassic to Middle-Cre-
taceous) consisting of sandy and fossiliferous carbonate rocks;

Upper Sandstone Unit (Middle Cretaceous) consisting of a cross-

bedded, parallel-bedded, calcareous, and massive and laminated

sub-units with Mesozoic volcanic intercalations; Tertiary basalts

and Quaternary sediments.,
The three stages in the geomorphological evolution of the

area include a Late Cretaceous-early Cenozoic peneplatation;

Trappean tectonics and formation of basin-plains; and renewed

erosion associated with the rift tectonics*

The major soils in the region are Vertisols, Entisols, and

Mollisols.
The Vertisols occupy depressions in alluvial plains and

scattered spots on Hie'uplands and are developed on basalt and

alluvium. They are ddep, clayey soils with low chromas and

values. Chemically, they are very slightly alkaline, very low

to medium-
.in organic matter, low in total nitrogen, and very

low to low in phosphorous. These are the least productive

soils.

V



The Entisols occur on alluvium and on steep slopes of ba-
salts, sandstones and gneisses.

r

They are dark grayish and reddish brown, shallow and dis-

continuous, loamy soils. They are slightly acid to very sli-

ghtly alkaline, low to medium in organic matter and total ni-

trogen, and medium to high in phosphorous. Their occurrence

on either actively eroding or flooding surfaces significantly

reduces their agricultural productivity.
The Idollisols are the dominant soils occupying flat to

gentle slopes on all theparent materials excepting the basalt.
Those are brownish-blaclc and reddish-brown, shallow to deep,

clay, clay loam, and sandy clay loam soils. They are strongly

acid to slightly alkaline. The organic matter and available

phosphorous contents differ widely. They have a low to medium

total nitrogen. These are the most productive soils.
Comparison of these soils in terms of their textures, pHs,

and organic-matter contents indicates that topography is the

main soil-forming factor controlling the morphological, physical,

and chemical properties of these soils.
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1.1 Introduction

1 o1 »A Objective

The study of soils has a vast importance in agri-
culture « While this idea may have probably dwelt in

the minds of. many individuals and organizations, .part-
icularly little Pedological work has been done in Eth-
iopia. This has resulted not only in a loss of the agri-
cultural productivity of the country but also the soil

itwelfo Improper management of the soil has resulted in

an extensive erosion of agricultural land, so extensive that

the finding of solution to this urgent problem has become

a top governmental priority.
The present study was undertaken in the light of the

scantiness of soil studies made so far, with the view to

characterizing the soils|mterms of their morphological

and chemical properties, in order to determine their pro-
ductivity and to understand their genesis so as to provide

a basis for prediction of soil types in the region for

future works.
B Location

This study was undertaken in the Kulubi area, located

in Harrarghe adminstrative region, 4f5 km east of Addis

Ababa. The study arealies between longitudes 41°35'30"
and 41°49'dO" E and latitudes 9°20' and 9°30* N.

This area is well suited for such a study because of
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its physiographic position, marking the transition between

the plateau and the rift, and its geological history which

has resulted in the emplacement of different rock units,

C Physiography

The Ahmar mountains, the chain of highlands that runs

east-west along the margin of the eastern plateau and the

southern afar, have been classified into two distinct phy-
siographic units, the Harrarghe highlands and the Chercher

highlands(Tamirie 1974b)» The Harrarghe highlands which •’

include the studied area are characterised by a mean annual

rainfall of less than or equal to 850 mm and a natural fo-
rest of Junipe.rus procera. The Chercher highlands have a

mean annual rainfall of greater than or equal to 900 mm

with a forest dominated by Podocarpus gracilior,

Topographically the area presently studied is highly

rugged. North of the main Addis Ababa(A,A)- Dire Dawa

(D,Do)road the area is entirely one of very steep vallyy

and hilside slopes that lead to n&rrow sandy valleys.
Tile divides and hilltops are characterized by undulating

surfaces that stand tens of meters above the valley floors.
South of the above mentioned road the area is characterized

by smooth to gently undulating surfaces bounded by gentle

to steep slopes and occasionally cliffs upto and over ore

hundred meters high. At the foot of these are found; broad

alluviated plains.



- 5 -
D Climate:

Climatic data gathered over a period of seven years

(1960-67)for Alemaya and Kersa which are in. the vicinity

of the studied area, indicate a mean annual rainfall of

850 mm with an absolute minimum of 560 mm and an absolute

maximum of 1260 mm, The rainy season extends from March to

September, with over 60 mm monthly rainfall. Rainfall

distribution is very erratic with two apparent peaks: a

very irregular small rainfall during February, March, April

& May and a regular maximum rainfall peak from July to Sep-
tember(Tamiri’a ,1974b),

The average yearly maximum temperature is 15«8°C,
0

The average yearly minimum temperature is 7»8 C with an

extreme minimum of -4°C, while the average yearly maximum

temperature is 22„9°C with an extreme maximum value of 28°Co,.

E Vegetation

A distinction in the vegetal association of the study

area may be made between parts of the area that lie to the

north and south of the main A »A <. - D,D » road respectively.
To the north of this road, that coincides with the

escarpment and is low-lying, the vegetal association includes

abundant Acacia sp, and Carrisa edulis. On the plateau are

found Juniperus procera(dominant), Podocarpus gracilior,

Euphorbia sp,(typically found on the limestones), Maytenus

ovanus, and Croton macrostachys. Plea africanais appears

occassionally.
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Maize and sorghum are the dominant food crops grown

by the farmers. Ghat is the most important cash-crop.
Barley, ground-nut, sugar-beet, and some other vegetables

like potato, onions and green pepper are also grown.

1.2 Previous Works

The description, fertility status,and management pract-
ices on the soils of this region are given by Admassu and

i

Tamire(1974), by Ayele and Tarnire(1974)and by Tamire

(1974a, 1974b, 1975)° In addition to these works those of

Murphy(1968) and of Gentry(1963)are also important.
The overall account of the geology of the area is given

by Mohr(197̂ )° An account of the lithologylf structure, and

age of the basement rocks of the region is given by Kazmin

(1975&)« The Mesozoic sediments of the Harar and Dire-Dawa
area have been studied by Greitzer(1978). The only study

on the volcanics of the Kulubi area is that of Canuti et al

(1971)°
A number of studies made on the structural evolution

of the Afar depression signficantly contribute to the under-
standing of the structure of the study area. These include ,

the works of Black et al(1972), Juch(1975)and Morton and

Black(1975)°
The hydrogeology of the area is given by Greitzer (1970)

and Tesfamichael(1974).

V
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1.3 Materials and Methods

A survey of the geology and geomorphology of the area

was made in order to determine the effect of these on soil

properties.
As topographic maps at the required scale are not avail-

able for tie study area field mapping of the lithological

units was made on a base map prepared from aerial photographs,

at the scale of 1:30,000. The topo-sheets available for the

area are at the scale of 1:250,000. After having delineated

the boundaries of the study area on these, contour lines were

transferred to the geological map compiled from aerial photos

by employing an opaque projector instrument.
As expected the contours of the topo-sheets did not fit

exactly with the geological features mapped. The necessary

corrections were made with reference to natural and man-made
features common to both.

Similar procedures were followed in preparing the geo-
morphological map. In transferring the topo-sheet contourstothe

J

geomorphological map prepared from aerial photos certain

details of small significance were generalized, like some

limestone remnants that were included in foot-slopes. It

was essential to transfer contour lines to both maps because

of the high distortion inherent in the aerial photos and un-
avoidable distortion arising from overlapping of these for

final compilation.
On the other hand, the soil map was prepared on the
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basis of the observed occurrences of the soils in field, as

related to parent material vegetation and topography.
Wentworth 1 s(1922) grade scale, Ingram's(195̂ )

terminology of beds, and Folk's(1968)classification of

rocks are followed in this thesis.
Field description of the soils was based on the FAD

(197?)guidlines for soil descriptions. Selection of sampling

sites was made on the basis of observed variations in

topography and parent material. Soil color was described *.

using the Munsell soil color chart(1975)•

Chemical analysis of these soils was carried out in the

soils laboratory of the Land Use Planning and Regulatory

Department of the Ministry of Agriculture.
pH was determined by the electrometric method.

Determinations of Organic matter, total nitrogen and available

phosphorous were made respectively by the Walkley - Black,

Kjeldahl and Olsen's methods. Available potassium was .1

determined by precipitation as cobaltmitrite and evaluated

by the colorimetric method, and exchangeable c.Icium and magn-
esium by the versante method after the soils have been

extracted with ammonium acetate. Sodium was determined by

flame photometer utilizing neutral ammonium extract. All

these methods have heen described by Jackson(1973)» The

descriptive terms applied to the values determined by these

methods are those of Murphy(1968).

The mineralogy of the fine and very fine sand fractions of
















































































































































































































