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ABSTRACT

The geology of the Asela area has been studied 1n detail
and the fertility status of the soils in relation to the
factors of soil formation (parent material, climate, topo-
graphy, organisms and time) examined qualitatively and semi-
quantitatively. The area is associated with Pliocene and
younger volcanics (central and fissural) and is intensively
affected by different episodes of faulting. Basalts, Trachy- .
basalts, trachytes and acidic pyroclastics are the rocks
occuring in the area. The major solls are the dark-dark brown
and the reddish brown soils of the plateau and the dark-brown-
dark yellowish brown soils of the rift. In general, the rift
soils have higher plant nutrient status than the plateau
s0ils. Removal of materials is important on the plateau and
addition in the rift. Parts of the plateau and most of the
rift floor are affected by poor drainage. The abundance of
surface hindrances on the surface of the rift soils might be
attributed to the young age of the rocks in the latter. In
terms of physical limitations of the land, both the lowland
and the plateau have their drawbacks. The cumulative influence
of the topography and the climate is found to be dominantly
responsible for the lateral and vertical variations of the

inherent fertility of the soils.
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INTRODUCTION

Ethiopia is a country based dominantly on agricultural
economy. The Chillalo District of Arrsi region (Central
Ethiopia), which includes the area of the present survey is
one of the well-known regions for its production of wheat

and barley.

CADU (Chillalo Agricultural Development Unit), presently
called ARDU(Arrsi Rural Development Unit), has conducted
several studies in different fields: pedological, ecological,

hydrogeological etc...

Since a great deal of work has been contributed to the
Chillalo District by this group, those points which might
add further information about soil fertility status in the
area and its qualitative and quantitative relationships to
the factors of soil formation, have been worked in this study

in a semi-detailed manner.

Locationmr and Communication

The study area, covering a surface of about 550km2, lies
within 59000'—59045'E long.and 8062'—8082’N lat. It is located
about 175 km southeast of Addis Ababa and includes portions
of the main Ethiopian Rift and of the Southeastern Plateau

around the town of Asela.

It is accessible by the main highway , Addis Ababa -

Nazreth - Asela - Goba. Another road also runs from Asela,
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through Ogolcho, to Meki and Adami Tulu. Two roads branching

from the

main highway cover part of the area; one branch leads

to Kersa and another crosses the ARDU project area south of

Asela.

Objectives

Inspite of the fact that mechanized and cultural farming

are practiced extensively, the area lacks detailed scientific

studies with respect to soil fertility. The present study is

essentially geological and pedological, and attempts to show

a general perspective of soil characterization in the area.

The

i)

2)

3)

The

land use

main obJjectives of this paper are:-

To examine, in detail, the geology of the Asela
area;

To establish qualitatively-.-and whenever possible
to quantify, the relationships that exist between
the fertility status of the soils in the region
with the soil-forming factors (parent material,
climate, topography, organism and time); and

To come up with a possible conclusive remark om the
existing relationships, which, by extrapolation,
might apply to other regions with similar geolo-
gical, physiographical, climatic and biologic

features.

results obtained could supplement the reconnaissance

study in Ethiopia, which is being carried out by FAC
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and Ethiopian experts of the Land Use Planning and Regulatory

Department of the Ministry of Agriculture.

Previous Works

The surveyed area only sometimes falls partially within
general studies; essentially geological, such as those carried
out by Di Paola (1972; 1976), Juch (1975), Kazmin and Seife
(1978), Mohr (1962; 1963; 1966; 1967; 1970); pedological,
carried out by Trapp (1974), Hammer (1974), Kebede Tato (1970)
and Murphy (1969).

Methods and Materials

Geological, drainage and soils map were produced from
data collected in three field trips totalling 30 days. A
topographic map of 1:50,000 scale was used as a base, with

aerial photographs of the same scale as supplementary.

Traverses were taken along stream channels and also in
profiles not uniformly spaced. Various rock exposures were
examined and sectionz prepared. Rock samples representing the
different pyroclastic and lava flows were collected for

petrographic studies.

S0il sampling was mostly done by digging pits 1-3 cubic-
meter, except for those samples taken from swampy areas, in
which case a hand auger was used. Few samples were also
collected from the sides of small gullies., In all cases, 1-4

samples were taken from each profile at different depths,
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the number depending on the variability of the soil with depth
and the thickness upto the bedrock. Soil sample sites were not
uniformly distributed throughout the area. This was done,
bec?use uniform spacing of sample~sites does not always fulfill
that requirement of maintaining four of the five soil-forming
factors constant, in order to examine the role of the wvariable.
In the soils' aspect, emphasis was not given to the mountain

area.

52 soil samples were analyzed imr the soil section of the
Land Use Planning and Regulatory Department of the Ministry of
Agriculture. Analysis of some duplicate samples was also

carried out in the ARDU Soil Laboratory at Asela.

The various laboratory techniques employed in the soil
analysis are briefly mentioned hereunder. (They are referred

from Jackson 1973, second edition).

Texture was determined by the Hydrometer Method. Light
and heavy mineral studies were carried out by separating the
two in bromoform (sp. gr. 2.9) in the Geology Department of
the A.A.U. The Munsell and the “tandard Color Charts were
used to determine dry and wet soil colors. Soil pH was
measured electrcchamically by means of glass electrode. Phos-
phorus was analyzed by Olsen's method. The Wakley-Black method
was employed for soil organic matter determination and the
Kjeldahl method for total nitrogen. Exchangeable calcium and
magnesium were extracted by neutral normal NH, OAc and deter-
mined by means of Versene titration. Available Kt was deter-

mined colorimetrically and Nat by flame photometer. For CEC,

determination with ammonium was used.



2. CLIMATE

Disregarding the microclimates caused by minor topographic
features, the study area can generally be divided into two
major climatic units, on the basis of precipitation and

temperature conditions. These are:-

1) The warm, dry rift valley; and

2) The moist, cooler plateau.

According to the works of Kebede Tato (1970) and Alema-
yehu Mengistu (1975)(especially the latter), from which most
of the climatic and vegetational data were drawn, the second
climatic unit is further subdivided into two: the cooler
area of the high altitudes and the frost area of the higher

parts of Chillalo rountain.

The authors pointed out that all the three areas get

rainfall at about the same time, but in varying intensities.

In the Chillalo District to which belongs the investi-
gated region, three seasons are known in a year: the dry
season (Bega) which lasts from October - January; the small
rainy season (Belg) extending from February - May and the
big rainy season (Keremt) from June - September (Kebede Tato,

1970; Alemayehu Mengistu, 1975).

The general rise in elevation from north to south and
from west to east is accompanied by corresponding increagse
and decrease, respectively, of precipitation and temperature
in these directions. This relationship is evidenced by the

meteorological data of four representative stations in the



area: Asela, Kulumsa, Dugda and Arata.

The town of Asela is situated on the North-central part
of the study area, at an altitude of 2350 m. The mean annual
precipitation recorded at the Asela station for the period
1966-7% was 1370 mm. The second station, Kulumsa, is at the
northern edge of the mapped area at an altitude of 2200 m.

The mean annual precipitation in the years 1966-73% amounted
to 8%4 mm. Dugda, which is located in the rift valley (180C mn)
received a mean annual precipitation of 619 mm between
1970-7%. The mean monthly maximum temperature, however,

showed increases from Asela, through Kulumsa to Dugda (fig.1).
Temperature also increases from Asela to Arata which is

located at 1760 m (Fig. 2).

Similarly, rainfall records for Asela (1975 - 79),
Kulumsa (1975 - 79) and Arata (1975 - 78) showed decreases
in the order of arrangement and mean annual precipitation

values were 1315, 877 and 816, respectively (Fig.3).
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5. VEGETATION AND LAND USE

The vegetation within the area markedly changes with
elevation. A west-east traverse within the study area shows
the variation in the distribution of plant species and
communities. Nevertheless, certain species of trees, grasses
and shrubs cross the boundries of the zones to which they
belong and appear, relatively sparsely in adjacent vegeta-

tional zones.

The classification of the area into vegetational units
as given in the following section, is based on the works of
Alemayehu Mengistu (1975) and of Lill and Lundgren (1969).
According to these authors (with some modifications), the
area of interest can, in z generalized manner, be classified

into four vegetational zones. These are :-

1) Alpine area

The alpine area covers the higher parts of Chillalo
lMountain (more than 3000 m. a.s.l.) which receives
high precipitation and low temperature.

In terms of areal extent, the shrubs Erica arborea

and Hypericum revolutum are dominant in this zone.

several species of grasses and herbs also constitute

part of this floral community.
2) Highland area (2500 - 3000 m)

This ecological zone occupies the mountain slopes,

valley bottoms, open and rolling plains. It is
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constituted by three major, distinct plant communities:

Hagenia and Juniperus forest, Podocarpus forest and

open grassland.,

3) Medium altitude area (2000 - 2500 m)

The lower limit of this zone coincides, approximatcly
with the plateau - rift boundry. The vegetation in this

area can be generalized as Podocarpus forest, scattered

tree grassland with Acacia trees, and open grassland.

Fucalyptus forest is dominant around the town of Asela.

4) Lowland area

The lowland area is mainly the rift floor and includes
part of the main escarpment. In the study area, this
zone falls within the range of altitude of 1700 -

2000 m. It consists of swamp grassland and scattered

tree grassland with Acacia as the dominant tree.

The vegetation on Chillalo Mountain and its slopes, in
the valley bottoms and on the escarpment slopes, is in its
natural state. The need for agricultural land, together with
the need for firewood and charcoal, has resulted in defores-
tation which is still encroaching upslope. Most of the area
probably once was under natural forest cover before human

interference started to be operative.

Inspite of all these anthropic influences which might
bring serious ecological disturbances, a greater part of the

study area is still under forest cover- natural or otherwise.
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Both on the plateau and the rift, a large area is used for
grazing and large and small scale farming. Part of the area
within the rift has turned out to be swamps and small lakes.
A portion of the area is nothing but bare rock surface;settle-

ment areas cover a small proportion of the whole area.



GEOMORPHOLOGY

Tts geological history being short (Upper Pliocene and
younger, based on Mohr, 1967 and other works), all the geo-

morphic features in the area are very young.

In the eastern part stands the huge volcanic edifice of
of Chillalo Mountain, associated with numerous parasitic cones
of basalt. A gradual descent leads to the high, flat and gently

westward sloping plain.

The abrupt drop at the main escarpment, the rim of which
is marked approximately by the 2020 m contour, interrupts

these topographic units on the plateau.

The morphology of any region highly influences the
physical and chemical conditions (fertility in the present
case) of the soils by controlling the drainage. The next few
paragraphs attempt to give a glimpse of the various geomor-
phic features in the Asela area, together with the drainage

conditions as related to soil characters.

Fig.4 shows a rough subdivision of the area on the bases
of the pattern and density of drainage. In general, somewhat
parallel belts of decreasing intensity of drainage (increased
water permanence in soils) from the mountain to the floor

is noticeabe.

The high altitudes of Chillalo (approximately above
3000 m) show radial drainage and high density of streams

with commonly narrow, sharp-crested divides. The interior
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of the caldera at the top (drained by the head waters of the

Fulumsa Riv:z) does not belong here.

The slope which commonly exceeds 30 percent does not
favour proper soil develophent. loreover, it enhances the
removal of already developed soil by erosion as is evidenced
by some truncated profiles. The thick vegetation cover has its
own role in the nature of soil development. On the one hand,
it furnishes organic matter which forms humic acids that aid
in chemical weathering; on the other, it prevents rain drop

erosion and also other erosive processes.

Despite the thick vegetation cover, the soils are patchy

in occurence, with shallow profiles.

The foothills and the base of the mountain are characte-
rized by the same radial pattern of drainage. The small
streams that emanate from the higher parts, flowing to the
gentler slopes, join to form a smaller number of larger
rivers and streams. For this reason, the density of drainage
is reduced. The divides between river channels are wide and

mostly flat-topped.

The soils here enjoy perfect aeration and they develop

deep profiles.

The third unit is the gently inclined high land area
bounded from the lowland by the main escarpment of the rift.
It is flat to gently sloping. The stream and river channels
are spaced very wide apart. A certain degree of structural

(fault) control of drainage begins to manifest itself here.
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This is evidenced by the trend some streams follow,which is
normal to the general east-west trend of flow on the plateau.
Run-off is not well concentrated and the gently sloping
portion of this land segement is affected by sheet erosion.

However, lateral cutting of fields by rivers is also operating.
Waterlogging is a problem in the soils of this area.

In the proximity of the marginal escarpment, a small
number of basaltic cones spot this section of the investigated

arecae.

The rift valley area, including the marginal Eastern
Escarpment, is dominated by structural landforms. Fault scarps
and less commonly fault line scarps and composite scarps

constitute important geomorphic elements.

On the main escarpment, a few cases of fault - controlled,
minor rotational landslides have been observed. Very small
scale talus fans could also be seen at the foot of this escarp-
ment. Both features are not mappable at the scale given.

Faulting, having been the major tectonic phenomenon that
operated in the area, it produced a series of small grabens
and horsts. Few of the former have changed to small lakes

and marshes.

The rift floor is a receptacle of debris derived from
mass wasting and river loads. In addition to these, the rift

floor is marked by small volcanic cones.
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Drainage channels are strongly guided by faults. Rivers
cascading the escarpment gradually, but most of the time
abruptly change their east-west trend to that of the rift.
In general, the area lacks good drainage. The soils have

good texture, but they are rocky and stony.

The Asela area is drained by streams which rise from
the mauntain area and join the Ketar River. This river in

turn flows into Lake Zway.



GEOLOGY
General

The volcanic and tectonic events which took place in the
Asela area, essentially make a chapter in the volcano-tectonic
" history of the Main Ethiopian Rift. It would thus be appro-
priate to present a summary of the most important features

of the latter before discussing the study area.

The Main Ethiopian Rift being a segment of the East
African Rift System, is latterally bound by the Ethiopian
Plateau to the west and the South-Eastern Plateau to the

east (Fig.5).

It is a huge graben which is occupied by volcano-tectonic
lakes. It is characterized by normal, step faults arranged in
an en echelon style and trending mainly NNE - SSW, with rare
NE - SW, N - S and NW - SE striking faults (Mohr 1967; Di

Paola 1972; Geze 1975 and others).

Except on the Amaro (Mohr 1962, 1966; Baker et al. 1972)
and the Kella (Di Paola & Seife 1979) Horsts where Pre-Ter-
tiary rocks outcrop, the Ethiopian Rift is associated,
essentially with Fliocene to present volcanism and volcano -
sed imentary products (Abbate & Saggri 1979 in: Merla et al.
1979) .

The two plateaus on its either side are characterized
by a number of large and small shield volcanoes and by

relatively less intense tectonism.
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Many authors (Burke & Dewey 1970 and others) relate its
cenesis to the Afro-Arabian Doming of the Lower Tertiary
times. On the other hand, recent views (Bahat 1979; McConnel
1980 and others) maintain that the East African Rift as a

whole, is an ancient feature.

According to Bahat's model of rift genesis (Fig.6),
fracture initiation took place at lake Malawi (along C);by
fracture propagation and repeated bifurcation, the Ethiopian

Rift (E) came into being.

A portion of the investigated area falls within the

central part of this complex structural system.

The Asela area comprises lava flows and pyroclastics
belonging to the "Nazreth Series" and "Wonji Series" of
Meyer et al. (1975). The rocks occuring in this area are
ignimbrites, welded and unwelded tuffs, basalts, trachytes
and trachybasalts. Their sources were both fissural and

central type.

Different phases of faulting are evident in the area.




Fig. 6 A. Sketch Map Of Fracture Model Resembling Major
Rifts In The African Continent (after Bahat, 1979)

B. The Africon Rift System (after Bailey,!964)
Dotted Lines Indicate Position Of Initial
Fracturation.

C. Centre of fracture inifiation

D. Red Sea
E. Main Ethiopian Rift
F. Gulf of Aden
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. Geology of the study area

5.2.1. Stratigraphy

The succession of rocks in the area, from the jyour-

gest to the oldest, can be summed up as follows:

Rift floor basalts

Rift floor pyroclastics

Main escarpment basalts

Pyroclastics of the plateau
Trachybasalt and Trachytes of Chillalo
Chillalo Basalts

Chillalo is a NNE - SSW elongated volcanic moun-

tain on the South-Eastern Plateau. It rises gently from

the flat-lying highland to an elevation of 4000 m a.s.l.
at its summit. It stands east of the town of Asela

prominently overlooking the rift towards the west and

it is topped by a caldera, which, according to Di Paola

(1972), is about 6 km in diameter.

Its products include basalts, trachytes and trachy-

basalts and are the oldest rocks in the area (Fig.7) «
5.2.1.1. Chillalo Basalts

The marginal escarpment shows, at the
Bolkesa River waterfall, a downthrow of about
220 m. The Chillalo Basalt, which is exposed at

the base of the escarpument, attains a maximun
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Despite their macroscopic differences, all
varieties have a general petrographic similarity,

with minor differences.

They are characterized by a groundmass of
feldspar microlites with some interstitial glass
(in some samples) and abundant iron oxide. A
scoriaceous variety showed a high vitric ground-
mass. The dominant mineral occuring as pheno-
crysts, is plagioclase feldspar (labradorite)
which rarely shows zoning. Also occur as pheno-
crysts, partly iddingsitized olivine, hypersthen:
and biotite. Olivine and pyroxene occur in the

groundmass as well.

Their mineralogical differnnces (eventhough
minor), together with the variation of the rocks
directly overlying them, suggest that the Chillalo
Basalts may not be the products of one-shot
eruption only. These basalts belong to the

"pliocene Main Basalts" of Juch (1975).

Trachybasalt and Trachytes of Chillalo

The two rock types are discussed together,
becruse of the lack of clear stratigraphic
relationship between them; none of them was found
overlying the other or vice versa. The opinion

expressed in this paper that the trachybasalt is
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older than the trachyte is briefly discussed at
the end of this section.

The second oldest rock in the mapped area is
the Chillalo Trachybasalt. In the succession
exposed (about 200 m thick) at the main escarp-
ment, along the Shorime River (Fig.8, column 5),
the base comprising a thickness of 10 - 15 m is
represented by this trachybasaltic flow. It is
interbedded with agglomerate for a thickness of
about 60 m.

In a manner analogous to the basaltic unit,
it extends over the plateau under the cover of
younger volcanics. It is traced at the Kulumsa
River Valley, overlying the basalt and covered by

an ignimbrite flow.

Tt is slightly porphyritic, greyish dark in
color and showing pronounced banding both macros-
copically e~4 microscopically. The orientation
of the bands as observed in the field suggests

an origin from Chillalc!suntain.

Petrographically, it is characterized by
a mierolitic groundmass with abundant iron oxide.
The feldspar microlites occassionally show semi-
parallel orientation. Plagioclase feldspar
(Andesine - Oligoclase) which at times shows
strong fracturing. with gsubordinate orthopyroxenc
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(hypersthene), clinopyroxene, biotite, iddingsitized

olivine and alkali feldspar occur as phenocrysts.

The author is of the opinion that this flow
(and also the underlying Chillalo Basalt) belong
to early stages of volcanic activity of the Chill~lo
and that they were exposed on the plateau (along
river channels) and at the marginal escarpment by
erosion of the overlying rocks and by major
faulting, respectively.

The absence of Chillalo Basalts at the base of
the Shorima section while being exposed at the Bol-
kesa (south of Shorima), could be ascribed to the
northward decline in the magnitude of the downthrow.
The latter in turn is due to the scissor-type nature
of the fault. Based on the observation at the
Kulumsa River, where the basalt underlies the
trachybasalt, it looks permissible to infer that
the same situat’ on exists at Shorima (i.e. the

basalt is found buried under the trachybasalt).

The higher part of Chillalo Mountain comprises
trachytic rocks which show abrupt, lateral variatior

in texture and color.

' These rocks extend westward and they dis-
appear bef ‘re reaching the town of Asela. The
absence of trachytic rocks in the successions of

the main escarpment could only be due to inexten-
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-sive nature of the lava flow.

At higher altitudes, plug-like trachyte dykoc,
radially disposed around the caldera, are very
common. The trachyte flow radially dips towards
the lower topography, which is indicative of an

evident source from Chillalo Volcano.

Megascopically, the rock is typically grey
in color and porphyritic, with abundant feldspar
and very few biotite phenocrysts. Besides, vesi-

cular and aphyric varieties are also present.

The spectacular lateral variation in texture
may be bec 1se all the ]ava did not flow out at
one time, but accumulated in a series of small
eruptions. An alternative explanation could be
that it was a one-shot phenomenon, but the lava
was not uniformly exposed to the atmosphere while

it was cooling.
The variation in color could be explained in
the above manner, or it might be attributed to

differential weathering.

The possible explanations given for the color
and textural changes of the trachyte do also apply
to the basalts.

Inspite of thier surprisingly differnet

appearances in hand specimens, the trachytes have
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essentially similar mineralogical constitution, ne

petrographic studies evidenced.

Thin section studies show trachytic texture
which is common to all varieties. The groundmass
is trachytic with interstitial glass. Occasionalljy
zonned plagioclase feldspar (within the oligoclasc-
andesine range) and alkali feldspar (sanidine)
usually associated with subordinate biotite,horn-
blende, olivinec and subhedral-euhedral cossyrite
grains occur as phenocrysts. Iron oxide is a commnon
accessory. In some samples, some of these oxides
show a yellowish alteration rim of leucoxene - an

alteration product from ilmenite.

It should be noticed that this mineral assem-
blages represents the Chillalo Trachytes, but it
is also true that one or two minerals lack in somc
varieties or they may occur in different amounts

if present.

Kazmin and Seife (1978) pointed out that the
chillalo Volcano evolved from rhyolites to trachy-
tes. However, no rhyolitic rocks were identified
in the present field work, at least in the surveycd
portion of the mountain. Thin sections of racks

collected from the mountain area did not show any

quartz phenocrysts.
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In this paper, it is suggested that the evo-

lutionary trend of Chillalo volcanicity was from

basalts - through trachybasalts - to trachytes.

Field evidences clearly indicate that the
basalt belongs to the earliest stage of volcanic
activity. An ambiguity presents itself as to whe-
ther the trachybasalt or the trachyte is older.
-t has already been mentioned that the latter is

younger.

The trachybasalt does not show up at elevations
higher than where it was found at the Kulumsa
River Valley suggesting that it is under the cover
of the trachytes. Secondly, trachybasalt is an
intermediate between basalt and trachyte. It is
therefore true that the assumed trend of volcanic
evolution is consistent with the theoretical
trend followed by the differentiation of a basaltic
magma to acidic ends, eventhogh the latter stage

has not been reached in the present case.

geveral authors (Kazmin & Seife 1978, Mohr
1967 and others) believe that the activity of
chillalo began late in the Pliocene. The middle
Pliocene - Middle Pleistocene age given by Di
Paola (1976) for rocks from the western base of

chillalo, more or less agrees with the former.
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5.2.7.5. Pyroclastics of the plateau

This large composite unit is extensive from
the m:.rginal escarpment to very high altitudes on
the western side of Chillalo. In its entirety, it
shows a very high degree of lateral and vertical
(from one flow to another) variations which gave
the bases for the identification of the different

flows within it.,

The distinction of the various flows was
based mainly on their field appearances, such as
color, texture, degree of welding structure and
the type, size and abundance of xenoliths whenever

present.

Sections distributed throughout the area of
investigation (and one outside the area), mainly
on fault scarps and valley sides, have been studied
and discussed individually, with attempts to co-
rrelate the rocks in one section with those in

others.

Bolkesa (A)

It has already been mentioned that the
chillalo Basalt exposed at this place is sand-
witched between a very thin layer of agglomerate

at the bottom (locally) and a thick one at the
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top, the thickness of the intercalation reaching

upto 60 m.

The thick agglomerate comsists of gravels and
boulders belonging to the underlying basalt. It ic
separated from a thick sheet of greenish, compact
ignimbrite (approxime .:zly 50 m thick) by a thin

layer of ash flow.

The ignimbrite is fine grained and shows
some feldspar phenocrysts, baked reddish lithic
fragments and basaltic fragments. It has charac-
terstically abundant, fairly welded, elongated
perlitic fiamme of variable sizes, reaching a

maximum length of 50 cm.

Petrographic study shows a groundmass of
glass with flow banding. The flow bands sometimes
form a wavy curve around feldspar grains. Pheno-
crysts of plagioclase (within the oligoclase-
andesine range) and partially devitrified glassy

fiamme are commone.

Another layer of ash comes between this igni-
mbritic flow and the overlying, thin (3 - 6 m),
subhorizontal layer of fine-grained basalt. Becaust
of its stratigraphic position, this basaltic flow
cannot be correlated with the Chillalo Basalts or

with the escarpment basalts. The origin of this

basalt is uncertain.




Shorima 1 (B)

The whole thickness of this exposure is about
200 m, out of which the bottom 60 - 65 m is an
intercalation of agglomerate and trachybasalt,
the latter forming the base. Upon this intercals-
tion lies, conformably, a weathered tuffaceous
material about 40 m thick, which is covered by
a thin layer of ashflow. This in turn is over-
lapped by a fine grained basalt interbedded with

agglomerate.

A dense, greenish-grey ignimbrite with in-
significant amount of fiamme, blankets the basaltic
flow. The former does not show a considerable
mineralogical differnce from those previously
discussed.

Except for differences in thicknesses, the
uppermost three pyroclastic flows in this section
apparently correlate with their respective equi-

valents at the Bolkesa.

Shorima 2 (C)

A downthrown block in the very proximity of

the . "evious section shows the following pyro-

clastic sequence (Fig.8, column C).
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Three different pyroclastic flows of consi-
derable thicknesses terminate the succession abov
the basalt flow. The oldest of these is a grey
ignimbrite, 20 - 25 m thick, with few, well -
welded, but strongly weathered vitreous fiamme.
It has a glassy groundmass with abundant pheno-
crysts of plagioclase feldspar. The fiamme are
altered to palagonite around their rims. Horn-
blende, iron oxide and extremely few grains of

zircon are also present.

This ignimbritic flow is overlapped by =2
slightly weathered pinkish ignimbrite with a

small number of poorly developed glassy fiamme.

Tt is characterized by a mixed glass -
microlite groundmass in which the feldspar micro-
lites show spherulitic texture. Feldspar pheno-
crysts (oligoclase - andesine) in which zircon is
rarely included are abundant. Palagemite rims
around glass fragments are common and devitrifi-

cation to feldspars is also frequent.

The youngest rock in this succession is a
poorly consolidated, highly weathered tuffaceous
material containing some foreign inclusions,
mainly of basaltic composition. It continues for
a small horizontal distance on the edge of the

plateau and interfingers with other pyroclastic

rocks.
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60 - 70 meters of the 120 m thick succession
consists of a grey.sh ignimbrite with abundant,
fairly-welded perlitic fiamme and xenoliths of
basalt. Mineralogically and texturally, it is the
same as the greenish , compact ignimbrite betwcen

the two ash flows in the Bolkesa section.

A 1 m thick ashflow locally rests on this
unit. The latter occurs under a grey, fresh tuff
which in turn is covered by another layer of ash.
A thin subparallel perlite layer overlaps the

younger ash flow.

The perlite has a groundmass of glass and
microlites. Fragments of glass, at times devitri-
fied to feldspars, few iron oxide and amphibole
grains are also present. The feldspar microlites

sometimes show spherulitic texture.

The greenish-grey ignimbrite resting on the
perlite is the same as the ignimbrite of the same
color at section Be.

The youngest flow in the sequence can be

correlated with those of Bolkesa and Shorimal.

Nw of Kulumsa Town (D)

This section is situated outside the mapped

area on the roadside to the rift.
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Differemt pyroclastic rocks are exposed here,
by a fault with a downthrow of 50 m due west

(Fig.8, column D).

The bottom 15 m of the successiom comprises =
perlitic ignimbrite similar to those perlitic igni-

mbrites of sections A and C.

A strongly weathered tuff overlies this flow.
After the deposition of the tuff, there was 2
period of quiescence during which a 50 cm thick

reddish soil developed (Plate 1).

When volcanic activity started again, a pumi-
ceous ignimbrite (30 m thick) was erupted with
minor intercalations of an ash flow and a thin
layer of perlite (Plate 2). This flow is poorly
welded and is characterized by a fine grained
groundmass with feldspar phenocrysts, abundant

pumice fragments and basaltic inclusions.

Kulumsa River (E)

Along the course of the Kulumsa River, north-
west of Chillalo and about %2 km east of the town
of Kulumsa, the succession begins with the Chilla-
1o Basalts and is followed by the trachybasalt
flow within which a tongue of tuffaceous material,

pinching out in the upstream direction, is inter-

bedded (Fig. 8, column E)s



A reddish soil that developed during a

volcanic quiscence




The pyroclastic succe

ssion NW of Kulumsa Town

(section

D

' )
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Overlying the trachybasalt is a light grey,
slightly weathered ignimbrite with a glassy ground-
mass, few elongated fiamme (mostly devitrified),
plagioclase feldspar phenocrysts (oligoclase -

andesine) and a few grains of cossyrite.

Borora (F)

At the upper course of the Tiliku Dosha
River, The Chillalo basalts could be seen exposed
by the erosion of the overlying trachyte (Fig.8,
column F). Outcrops of the trachytic rocks con-

tinue upslope upto the summit of the mountain.

Ketar River (G)

A 25 m thick succession along the Ketar
River (southeast of Asela) at a bridge on the
road to Kersa shows a tuffaceous material flanked
on either side by two younger ignimbritic flows

(Fig. 8, column G).

The flow directly superimposed on either
side of the tuff is a compact, unwelded
ignimbrite, with well developed columnar joints

and containing some foreign inclusions.

Mineralogically, both ignimbrites do not

differ much from most of those already discussed.
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The youngest and the oldest flows occur at
about the same elevation on the top. This might
have been due to the microtopography that existed

a priori. The low resistance of the tuff to
erosion could have produced microhills and troughs
Which were later covered by the ignimbrites. The
latter were then eroded from the top of the micro-
hill exposing the tuff. On one side, the tuff
and the middle unit are related by a fault contact.

The waterfall along the Ketar River at this
place, could have resulted from the easy rem“val

of the tuff by erosion.

Based on the K/Ar age measurements of
Morbidelli et al. (1975), an Upper Pliocene -
Lower Pleistocene age was assigned by Meyer et al.
(1975), to the "Nazreth Sereis" to which the platesu
pyroclastics in the examined area belong. Both
central (Mohr, 1967) and fissural (Meyer et al.

1975) origins have been sugested for these rocks.

The writer is of the opinion that Chillalo
rolcano was not the source, becauseé no trace of
ignimbrites is observed at elevations higher than
about 3000 m. Possible fissural sources are

suggested in the next section.
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The slopes of Chillalo and the rest of the
plateau area upto the marginal escarpment, are
affected by a number of faults (parallel to the
strike of the rift) which are probably older than
the main escarpment. The latter is of Pleistocenc
age according to Mohr (1967) and Meyer et al.
(1975) . The morphology of fault scarps gives an

insight into their noncontemporaneity.

ihe faults which produced the marginal
escarpment and those in the rift are almost
always vertical, showing small or no deviation
from their fault mirrors. In contradistinction to
these, most of the plateau faplt scarps are highly
inclined. There exists a wide angular digposition
between the scarps and their fault mirrors,

suggesting a longer period of erosion (Fig. 9).

There were probably many ancient faults like
these on the plateau which possibly issued the
plateau pyroclastics. Later on, they were either

covered by their own products or were obliterated

by a long period of erosion, or both.

A typical example of such faults is

encountered about 2 km east of the town of

Fulumsa.
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On the upthrown side of a fault, a yellowish,

weathered ignimbrite directly rests on the Chillnlc
Rasalts, while the downthrown block shows a thick

jointed ignimbrite between the two different

rocks (Fig. 10).

This situation might be expalained in the
following manner. The basalt flow was displaced
by the fault prior to the eruption of the
ignimbrites. Subsequent to this event, the
ignimbrite in the middle issued through the fault
and was deposited on the lower topography. Its
absence on the uplifted side probably was due to
the high gradient produced by the fault and by

the original topography.

After all these events, the youngest flow
which shows a characterstic westward thinning
(Plate 3) erupted, probably from another fault

located upslope and covered the two rocks.

The products of these old faults apparently

did not always flow on the upthrown sides.

Main escarpment pasalts

Basaltic rocks are subordinately associated

with the plateau jgnimbrites. They occur mainly




Yellowish ignimbrite

Ignimbrite with columnasr -

Jounts
Chillale basalt

Figl0 Mode! of old foults which erupted the plateau py roclastics



Flate 3, A westward thinning ignimbrite, erupted from one of the

0ld plateau faults



-47-

in the top parts of the high walls which delimi-
tate the rift from the adjacent Eastern Plateau.

Patchy occurences of these basalts are also
noticeable arourdDuna(SE of Asela) on the bed of

some stream channels and on one side of a fault.

This basalt might be older than that of thu
main escarpment since the fault through which it
issued is presumably older than the main escarp-

mento.

The main escarpment basalts show an alignment
paralleling the rift, which is suggestive of
eruption from these gigantic faults. They are
superimposed by scoriaceous cones also elongated

in the same trend.

As in the Chillalo Basalts, aphyric, porphy-
ritic, vesicular and scoriaceous varieties are
observed. They are, however, typically dark,

porphyritic feldspar basaltse.

The groundmass is composed of feldspar
microlites, iron oxide, pyroxene and olivine. The
phenocrysts are plagioclase (Labradorite),

occasionally zoned olivine with iddingsite rims.

These rocks are younger than the ignimbritic

succession of the plateau, becriuse they poured

through the faults which cut the pyroclastics.



Rift floor pyroclastics

These are the oldest of the two rocks out-
croping on the rift floor at the Asela area. Two
major types have been identified: a greenish,
compact ignimbrite containing a few, fairly -
welded, small fiamme and small inclusions of
lithic fragments. Dominantly,it crops out at
Deneba (northwest of Asela, near Deneba Farm)
and at Dugda (southwestern part of the mapped

area).

Petrographically, it is not at all different
from the ignimbrites of the plateau. It is gossy
and consists of feldspar phenocrysts, devitrificd

glassy fiamme and few inclusions.

Another important rock on the rift floor is
an unwelded pumiceous rock containing abundant
pumice and a small amount of lithic inclusions.
A significant outcrop of this flow is found on
a horst immediately east of ShetmatsMarsh. Both

of these rocks are associated with intercalations
of volcanic ashe.

The rift floor pyroclastics are intensely

i i ad
affected by the wonji Type Paulting (discussec

in the section on tectonics). The maximum

i a walle
thickness of these rocks 18 observed on the
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of minor horsts and scarcely reaches 30 m.

No clear stratigraphic relationship does
exist between the two flows and sufficient age
determinations are also lacking. Mohr (1967)
cunulatively gave an Upper Pliocene age both to
the rift and plateau ignimbrites of Southern and
Central Ethiopia. Morbidelli et al. (1975) pointecd
out (from K/Ar age determination) that the
activity of Boseti Mountain in the Ethiopian
Rift started less than 2 m.y. ago. Di Paola (1972)
also suggested a Pliocene age. However, the fact
that the pyroclastics in the rift portion of the
area predate the Wonji Fault Belt (1.6-1.8 m.y.
old, according to Meyer et al.,1975) stands

clear,

Mentioning the absence of clear eruptive
centers, Di Paola (1972) suggested a fissural
origin for these rocks. In this paper also, it
is taken that they must have issued through

faults and fissures which were later buried by
younger volcanic products and also obliterated
beyond cognizance by the younger Wonji Fault
Belt. The possibility is that some of these
faults could still be existent, but their

distinction becomes difficult.
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In general the pyroclastic rocks of the
area have similar mineralogical make up, even-
though they differ in color, texture, structurc
and the degree of consolidation. All of them have
in common vitric grains, undeformed lithic frag-
ments and crystals of plagioclase feldspar
(Oligoclase - Andesine) with glassy and sometimcs

microlitic groundmass.
Rift floor basalts

The rift floor basalts are the youngest
rocks in the area and they show linearity of
distribution paralleling the general strike of
the rift. Their sources were mainly gaping
fissures and faults with some small centers
which prevalently erupted scoriaceous material.

These basalts belong to the "Wonji Series" of
Meyer et al. (1975).

In general, they have scoriaceous surfaces.

Olivine and plagioclase feldspar are the common

phenocrysts in a generally microlitic ground-mass.

In the vesicular varieties, there is a specta-

2 H Py N f
cular upward increase 21 the ‘number and size ©

' -~ 4 ¢
vesicled: and -an evident decfease jn their deforma

' \n intepenting situation indien
tior. l&longatien). An interesting situa

) Bu:
ting a fault-souree, has been encountered on =

11
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horst (about 1 km wide), northeast of Shetmata
Marsh. The western half of the horst and the
fault scarp on this side show basaltic rocks,
while the easbern half and the scarp on the same
side are entirely composed of ignimbritic rocks.
A possible expla ation could be that the ignimb-
rite was was covered on the western half of the
horst by the basalt flow of a small magnitude

which poured from the fault on this side.

5.2.2. Tectonics

Faulting is the preponderant tectonic phenomenor
that operated in the area. Faults of variable ages
affected the region, with a declining intensity from thc
rift to the plateau. A general decrease in age of

faults from the plateau to the rift is evident.

From the examination of fault scarp morphology,
fhe oldest faults are those on the plateau, excepting
the young minor post-calderic faults which disturbed
the interior of Chillalo Caldera. Such old faults have
been observed around the town of Asela and higher up

on the slopes of Chillalo pountain. Their typical

2 of
feature as already stated before, 1S a high degree

de
erosional recession of the scarps which form wi

i fault mirrors.
angles with the vertical plane of the

Ty —
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Their trend is persistently similar to that of the rift.
Most of them extend over a long distance (upto 6 km).

In general, they are straight and at times gently sinuous,
The vertical drops mostly amount to a few tens of meters,

which, most probably, do not represent the actual,

original magnitude.,

The observation that faulting was less intense on
the plateau than in the rift, does not necessarily
prelude the possibility that there was a greater number
of faults in the former (than at present) before their

obliteration.

The second oldest faults are those of the main
escarpment which produced the existing elevation
difference between the rift floor and the plateau. In
the area studied, the southern portion of the marginal
escarpment is constituted by a series of normal, step
faults, (alm st always downthrown west), which gradually
descend to the rift floor. Northwards, it becomes a
single fault scarp with throws that can easily exceed
200m. Farther north within the area, it dies out gra-
dually, to continue again in an en gchelon manner.

The rift portion is affected by a rift-in-rift

system of structures which resulted in minor horsts

'
and grabens upto 1 km wide and in the re juvenation oi

the marginal escarpment faults.
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These faults are generally NNE - SSW trending,
scissor type, norrtal, step faults with small downthrows
(upto about 30 m) to the west as well as to the east.
They are mostly curvillinear and show an em echelon
style of arrangement and they belong to the Wonji Fault
Belt of Mohr (1967).

Some of the grabens have, partially or completely,
turned into swamps (Plate 4). The Shetmata Marsh, on
the western edge of the area is a typical example.
Aerial photographs of the area indicate an ancient
river channel, truncated by faulting. Meyer et al.(1975)
pointed out that this was the old course of the Ketar

River to Lake Zway.

The youngest faults in the area are those cutting
some scoria cones on the floor of the rift. It is also
possible that there are undetected faults younger than

these,

The top part of Chillalo Mountain, especially the
interior of the caldera, is affected by minor faults
probably triggered by the activity in the rift.

Very few gapping fissures (upto 1 m wide) which

issued basaltic lava, are also present within the rift

valley. They show no vertical displacement.

In addition, the interior of Chillalo Caldera is

an evident manifestation of post-calderic fissural



A graben which turned into

a small lake
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activity. The fissures are radially disposed within and
outside the caldera. Trachytic dykes, which now formed
wall-like and plug-like structures intrude this fissures.
Mohr & Potter (1976) relate these plug-like dykes to

the Sagatu Dyke Swarm of the Eastern Plateau.

The marginal eastern escarpment and the Wonji Fault
Belt follow a general NNE - SSW strike and both suffer
lateral displacement. Satellite imageries clearly
indicate that, one such offset took place at about the
l1atitude of Asela. At the same place, the NNE trend of
the Eastern Escarpment could be seen swinging to NE.

This fact was also observed by Meyer et al. (1975).

The elongation of Chillalo Yolcano parallel to
the rift might be ascribed to an influence of a line of
weakness along the position of this volcano, which was
initiated prior to the eruption. The outpouring Chillalo
lavas, at least partially, were possibly guided by this

line of weaknessSe.

A general picture of the evolution of rifting seens
that it was originally a wide and shallow graben and
lately became restricted to a narrow zone with pronounced

decpening.

—
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The different stages of the volcano-tectonic events
which took place in the area, can roughly be summarizecd

as follows.

1) Chillalo Basalts erupted first, followed by
trachybasalts and finally by trachytes.

2) The pyroclastic rocks of the plateau issued
through old, plateau faults.

%) The marginal escarpment came into being by =
major phase of faulting, which also exposed the
two oldest rocks of Chillalo and the succession
of the other plateau rocks.

4) Basaltic lavas poured through the escarpment
faults and the associated cones.

5) The rift pyroclastics erupted from fissures
and faults.

6) Pyroclastics of the rift were intensely faulted
forming grebens and horsts; and

7) Basic volcanism strictly limited to the Wonji

Fault Belt (which affected the rift pyroclastics)
developed.

In the area, there was & general migration of

i ift.
voleano—tectonic activity from chillalo towards the ri

nd
This is indicated by the subparallel pelts of faults an

rocks of decreasing ages in this direction. The decrease

in the age of volcanics directed towards the wonji

Afar and the Main
visentin (1975)+

Fault BRelt has been shown for the

Ethiopian Rift by Zamettin and Justin-
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50ILS

6.1, Soil Torming Factors And The Soils Of The Study Area

Soil is an extremely complex system which possesses
a large number of physical and chemical characterstics
which are functionally related to five soil forming
factors: parent material, climate, biology (organism),
topography and time (age). These factors are found in
nature in a great variety of constellations. All factors
operate jointly and each contributes to the characterstice
of the soils formed. Nevertheless, the relative significance
of each factor differs from place to place. A given
combinstion of the five factors of soil formation gives
rise to a certain set of soil properties and a change in
one of them shifts tle trend of soil development, thus

resulting in a new set of properties.

The difficulty in the field arises from the require-

ment of maintaining four of the five soil forming factors

in order to ascertain the nature and influence of the

variable factor on the properties of the soils (inherernt

fertility status in the present cases) e

Eventhough it is Vvery difficult to find this

roximation
condition satisfied in nature, @ reasonable app

all
has been attempted in this surveye However, Since

i urrent study
factors are simultaneously operative, the ¢
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and many other similar studies fall short of making
definite statements pertaining to the existing relation-
ships between soil properties and a given factor of soil

formatione.

In the Asela, the result of the intricate inter-
actions among these factors was to produce different soil
types with differing chemical and physical properties

and hence with differing fertility status (Fig. 11).

Tn general,disregarding the soils of the mountainous
arca to which emphasis was not given, the following three
najor and two minor soil types could be jdentified in

the study area.

1. The dark - dark greyish brown - dark brown soils
constitute a very important soil unit, especially
in terms of their large spatial extent. They occupy
the area around ~rd south of the town of Eulumsa,

extending southwards on both sides of the main high-

way upto the northern 1imit of Asela. Southwards from

this 1limit, they cease %0 appear on either side of

the road, but dominate the fields northwest, west

and southwest of the town. They also occur 1n the

lowland in a very low proportion.

inage
These soils develop 0. gites of arrested drainag

(poorly drained - imperfectly drained), 1€

h
depressions and flat = almost flat surfaces wit
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slope usually less than 10 percent. Both runoff and
internal drainage within the soil profiles are highly

impeded .

When dry, the dark - dark brown soils show wide (upt
20 cm) and deep (upto 80 cm) cracks. Not uneommonly

they also show slickensides and gilgai microrelief.

Texturally they are found to be mostly clayey through
out the profile and very rarely clayloan somewhere

within the profiles (Table 1).

Due to their high clay content, they show high water-
retaining capacity but poor transmission. Permeablity
test on these soils at the Asela 1ivestock area gave

a2 value of 0.1 cn/hr.

Another important s0il unit within the survey ares
comprises the reddish upland soils (commonly reddish
brown). From the northern end of Asela, the dark -
dark brown soils give place to the reddish goils.
The latter cover both sides of the main highway
through the area. They are more extensive to the
well drained foothills of chillalo than to the west
ondition becomes progressively

wherein drainage €

pooreT. Farther east, they are replaced by the brownish

soils of the mountain. The valley bottoms within 0

have developed darker

regime of these soils, however,

soils.
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Depth pst K | o e S00g | Mear100
(cm) ption el é‘Soii -JSoilg L‘q:ciiq
1 0-70 35.0jcl. loan 1250 4 3 39.6
70-110 79.0 |clay 750 na5" 5 44,6
110-155 65.0 |clay 1000 42 3 45.8
155-240 59.0 |clay 750 30 10 37.6
2 Sandy cl
0-15 25.0 |loam 500 12 b 33.2
15-25 7.0 |loam san 1500 10 1 16.6
0-20 27.0 |loam 1000 25 7 39.6
0-30 77.0 jclay
Bel .30 75.0 jclay
0-20 27.0 |]loam
20-50 67.0 jclay
S0-90 50.4 |clay
0-30 29.0 jcl.loam
| 30-90 79.0 jclay
0-60 72.0 jclay
el . 60 77.0 jclay



Tabl § Eanbva
] Tex tur e — \
Depth Sand Silt [Clay |Descri- |PH Org. Matter | Total Avail. rail Exch. Ca | Exch. Mg C.E.C.
(s % % % ption % % PPm PPm Meg/100 | Meg/100q Meg/10
g Soil Soil Soil
25-60 33.0 {28.0 |39.0 [Cl.loam | 7.25 3.62 0,168 11.7
80-100 25.0 |22.0 |53.0 |(Clay 7«05 3.07 0.126 10.8
0-25 27.0 |32.0 |41.0 |clay 5455 4.52 0.295 8.1
35-60 13.0 }14.0 {73.0 |clay 5.50 1.24 0.112 11.7
0-20 22.0 |35.0 143.0 |clay 6.40 3«93 0.182 10.8
20-40 21.0 |28.0 [|51.0 |clay 6445 2.24 0.140 9.0
0-20 35.0 |32.0 {33.0 |cleloam |6.80 3.93 0.182 6.3
0=25 39.0 136.0 |25.0 |lcam 6.35 5.00 0.210 5.4
0=-30 29.3 |45.0 )25.7 o 7.25 6.56 0.294 9.9
‘3(‘—60 21.3 {43.0 |35.7 {Cl.loam |6.70 3.11 0.154 11.7
60«110‘ 23.3 |37.0 {39.7 " 6.55 1.73 0.112 nil
0-30 2143 |15.0 [63.7 [Clay 6.30 2.35 0.126 nil
10-60 15.3 J15.0 }69.7 " 7.30 1.59 0.070 1.8
0-20 37.3 37 25.7 Jloam 7.50 3.31 0.168 nil
20-50 9.3 29.0 121.7 » 7.90 0.17 0.028 0.9
0-20 47.3 35.0 17.7 s 7.70 9.11 )« 490 3 of
-50 5.3 . 15.7 - 7.60 5.66 0.26¢ nil
=g T3 19.0 3.7 lelay 5.49 . .
)0-45 7.3 |47 5.7 | » 5430 .78 . 126 9.(
-30 7.3 31.0 B1.7 . 9.55 2. Do i
- «3 1£7.0 7 6.7C 098
- 11. "Ny ‘
e
! |
—— S — - = —  —
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mofi|Depth | Sand STIE Ezgyr firmnpal Tt | owg.iiimer | FotRl . ’z;;lJl ”i;;l°x ?2271%@ ;?i?:%i
No| (cm) % % % ption ' ' ' g Secil g Scil
y 22 0-25 7.3 |35.0 |37.7 |Cl.loam .40 2.76 0.112 nil 875 18 12 34,0
: 25-50 25.3 (29.0 |45.7 |Clay 5 .20 1.93 0.084 nil 750 38 2 39.4
1 50-90 21.3 [19.0 |59.7 |Clay 5 .90 0.90 0.056 7.2 1000 "46" wqg" 42.0
™ 23+ | 0-25 19.0 |22.0 |59.0 |Clay .8 4.48 0.164 8.0 — - - -
24+ | 0-29 34.0 |39.0 {27.0 |Loam 5 .4 - 0.264 8.7 - — — -
125+ | 0-15 48.0 |25.0 |27.0 |sandy k -~ oshAE 3.9 'y = . e
: Cl.loam
| 26* | 0-20 34,0 |21.0 |45.0 |Clay .0 4.5 0.223 - — — -— -
| < 27« | 0-2% \ 24.0 |37.0 |39.0 |Cl.loam F.1 4.2 .189 8.1 - - — -
ézu- 0-20 \ 22.0 138.0 |39.5 |[Cl.loam p.3 4.31 «248 9.2 — - - -
]
5
i
Jinaly 3 At soil horatorye.
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Despite their clayey texture, they.engoy eood aspetion

because they occur on moderately - well drained surfac

These soils form deep profiles (upto 4 meters and
sometimes more) which are characterized by homogenity

of color mostly throughout their depths.

3. A very high proportion of the rift portion of the

study area is occupied by an important soil type:

the dark brown - dark yellowish brown with common
tendency towards grey. Texturally, they vary from

loam to clay loam and clay and they are higher in

sand and silt than the plateau soils. For this reason ,
they are said to possess good water absorbing and
transmiting capacity. Besides, they show stony and

rocky surfaces.

One of the minor soils in the area - the hydromorphic
soils - may be considered as a subunit of the rift
valley soils. This is owing to the fact that they
strongly resemble the latter, differing only in that
they are permanently water saturated. They occupy o

considerable surface area in some grabens.

The second minor soil unit comprises those which

developed on small scoriaceous hills belonging to the

basalts of the main escarpment. They have poorly

es resting on moderately steep 8lOpes.

ngly inhibited profile

developed profil

The slope condition has stro

_—)

4______---lllll-------::::::__---
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development in terms of both depth and differentint!

into horizons. It has algo aided in the erosion of

4
1

existing soil, by sheet wash, gravity and to some ox*
by wind on the windward sides of the hills. The
various properties of the soils heretofore discusscd

are the net products of several sets of combinations

of the soil forming factors.

Inasmuch as soil fertility status is one of the
properties of soils, it is but natural that it is
subject to the laws in which the factors of soil

formation operate.

The following chapters are devouted to a genc-
ralized qualitative and semi-quantitative evaluation
of the inherent fertility status of the soils im th
area and of their relationships with the factors
which brought them into being. Attempts are made,
without going to a lengthy excursion in the field
of soil - plant interactions,to examine the influenc
of each factor on one or more of the fertility

factors (such as pH, ca*t and CEC ) and on the groas

inherent fertility as a whole.

6.2, Pertility

of physical and chemical

gtate
The term soil fertility may be defined as the

excellence of a goil for plant

growth,

e




66—

The physical aspect of fertility of a soil generally
include® its workability which is determined by its

texture and structure and its fitness in fulfilling land

preparation requirements (slope, soil thickness, stoni-

ness and rockiness).

The inherent fertility status (chemical fertility)
on the other hand is a measure of the amount and avails-

bility of plant nutrients.

Each physical and chemical factor of fertility is
discussed in the following sections. Nevertheless, the
classification of the soils of the study area into
categories of fertility ctatus is based only on the
weighted average of five chemical parameters: soil
reaction (pH), cation exchange capacity (CEC), organic
matter content, available phosphorus and available
potasium (Table 2, 3 and 4). The evaluated samples were
mainly taken from depth of O - 25 cm and in a few cases

from greater or lesser depths.

6.2.1. Workability

6.2.1.1. Texture

with the exception of three samples

(two sandy clay loam and one loamy sand) ,

8 of
all soils fall in the textural classe

clay, loam and clay loame However, as 803.
 d




(average 0 - 25 cm)

- Inherent Fertility Ratings For Top Soils

~T——
Weighted average in the top soils
OEO
orofile pH  meq/100g Organic Avail. P Avail. £ Pertility
No. soil natter% pPpm ppm
1 L(4.85)* H(39.6) H(6.90) ©IL(2.7) H(1250) Medium
2 H(6.40) H(33.2) ©L(0.028) L(3.6) H(500) Medium
3 H(6.05) H(39.6) L(0.35) L(4.5) H(1000) Medium
4 L(4.75) H(35.0) M(10.4) M(8.1) H(1000) Medium
5 L(4.65) H(36.8) H(9.59) L(nil) H(1000) Medium
6 L(4.85) H(40.8) H(7.94) L(nil) H(250)  Medium
7 M(5.00) H(44.6) M(2.76) L(nil)  H(500)  Medium
8 M(5.60) H(37.2) H(4.14) H(1.7) H(1250) Very ligh
9 L(4.95) H(35.2) H(7.73) H(10.8) H(250) High
10 H(7.20) H(4%.6) H(10.01) M(9.9)  H(750)  Very High
1 H(7.25) H(41.6) H(3.62) H(11.7) E(750) Very High
12 M(5.55) H(34.6) H(4.52) M(8.1)  H(1000) High
13 H(6.40) H(38.0) H(3.93) H(10.8) H(750) Very High
14 H(6.80) H(41.0) H(3.93) M(6.3) H(750) Very High
5 H(6.35) M(23.8) H(5.0)  M(5.4)  H(1500) High
6 H(7.25) H(32.6) H(6.56) M(9.9)  H(1500) Very High
YV H(6.70) H(42.0) M(2.35) L(nil)  H(1000) High
8 H(7.50) H(41.6) H(3.31) L(nil)  H(1000) High
9 H(7.70) H(31.6) H(9.11) L(3.6)  H(1500) High
20 M(5.45) H(37.8) H(4.52) L(0.9)  H(1000) High
1 M(5.55) H(36.4) M(2.48) L(nil)  H(1000) Medius
2 H(6.40) H(34.0) M(2.76) L(nil)  H(875) High
3 H(6.80) ND H(4.48) M(8.0) ND High
- 1M(5.40) D ND M(8.7) ND "’:i“'
5 Mm(5.60)  wp  H(3.52) M(8.9) . sh“
% M(6.00) ND H(4.50) ND ND Hisb
7 H(6.10) ND  H(4.20)  M(8.1) ND ’;ish
D H(6.3) ND H(4.31)  M(9-2) 8

* u. . . i
Weighteq average within parenthesis j

rm-

Mot petermined
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table 3 - Levels of fertility factors used to evaluate
The Inherent Fertility of top soils

(Modified after 'Soil and land appraisal and

training project, Phillipiness' 1977)

verility Factor Rating

Low Medium High
pH Less than 5 5 -6 More than 6
CEC (meq/100g soil) Iess than 16 16 - 25 More than 25
Organic matter (%) TLess than 1 1=3 More than 3
Available K (ppm) ILess than 50 50 - 100 More than 100
Available P (ppm) Less than 5 5 - 10 More than 10

Toble 4 - Key to evaluate Inherent Fertility of top soil

Tfﬁvrenz gertility Description of fertility status
status

Very high fertility  Four factors high, one factor medium.

Figh fertility Four factors high, one factor low or threc
factors high, two factors medium. For sample¢
23 - 28, two factors high and one medium or
two factors high.

Medium fertility Three factors high, two factors low or two
factors high, two medium and one low. For
samples 23 - 28, two factors medium and onc
factor high or two factors medium.
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is an anisotropic system, lateral and vertice
variations in the percentages of the three
textural separates (sand, silt and clay) are
recognizable. There is a generel proclivity
towards relatively higher proportion of send
and lower proportion of clay in the lowland
(rift valley) soils than in the upland soils.
Cut of nineteen samples from the plateau,
eleven showed clay content of over 50 percent
while only five out of the same number of
samples from the rift contained above 50 per-
cent of clay. The soils of the scoriaceous
hills on the plateau (especially profile 2)

exhibit Very high amount of light fraction.
C
The vertical variation in texture is

expressed by a general increase in the clay
and decrease in sand for a larger number of
the profiles. Maximum content of clay occurs
near the bottom of the profiles or less
commonly in the middle. The reverse generally

holds true for the sand fraction.

That the soils except on erosional
surfaces such as hills and mountain slopes
developed from both in situ and transported
(alluvial or colluvial) material will be

discussed in latter gsections.
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Important is that transported parent
material apparently was less significant on
the plateau than in the rift. This might be
ascribed to the considerably high relief and
to concentration of runoff mainly in deeply -
incised channels. These factors minimize the
deposition of weathering products from the
rocks of Chillalo on the flat - gently rift-
ward inclined upland surface. On the other
hand, a higher percentage of river load
(dissolved, suspended and traction load),
together with colluvial material is deposited
on the rift floor. However, it should be
noticed that little or nothing is presumably
deposited on horsts, volcanic cones and fault
terraces (in the rift) which stand above the

level of deposition.

Tt is true that the basic and intermediaf®
volcanic products of Chillalo Mountain are
richer than the pyroclastics in minerals that
weather to produce heavy - textured soils

(plagioclase feldspar and mafic minerals).

However, as mentioned earlier, the locali-

zation of drainage and the high relief within

the plateau do not allow considerable accumu-

lation of the weathering products on the
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highland. This in tura minimizes the influenc

of these rocks on the lateral variation of

texture.

Despite their similar mineralogy (lithic
and vitric fragments, glass and felaspars) an<
chemistry which is also said to be the sam-
(Di Paola, personal communication), both the
plateau and rift ignimbrites underlie soils

considerably different in texture.

The samples compared are located on
similar microtopographic surfaces (flat-gently
sloping) but the age of the plateau and of the
rift pyroclastics, the vegetation, the rain-
fall and temperature are considerably diffe-

rent.

Since the microtopography and the bedrock
on which the profiles rest are nearly constant,
one or more of the three remaining factors

should have dominantly influenced the lateral

textural variation.

The factor .of time is known to be impor-
tant in weathering and soil development (it

should be known that a very 0old rock could

d
not necessarily have produced a Very old an

i that
well developed soil). It 18 also known

f
the erosion of soils over a long period ©
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time means soil degradation. These opposing
phenomena, however, are governed by the othur
factors: density of vegatation, topography,

the type of parent material and climate.

Because the plateau pyroclastics are
older than those of the rift, the longer
period of weathering could have contributecd
Yo the differnces in the textures of the soil:
formed on them. Besides, eventhough it has
been mentioned that the disintegration produ-
cts of Chillalo rockscontributed significant]
their contribution of minerals like plagio-
clase over an extended period of time could

have amounted to something.

The higher density of vegetation and
abundent rainfall on the plateau make chemical

weathering faster as compared to the rift.

The heavy texture of the upland soils
situated on the flat - gently sloping topo-
graphy could, therfore, be due to a higher
rate and a longer period of chemical
weathering of the underlying pyroclastics

and with the small but perhaps continuous

addition of disintegration products from

Cchillalo rocks. One cause for the comparative-

ly higher sand content of the rift valley
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soils could be lower intensity of chemical
weathering and the shorter period for it to

act. Secondly, the overall topography geners-
1lly favours erosion of the upland soils and
deposition in the rift. As the clay fraction
is carried in suspension, it is highly proba>l:
that most of it is carried farther from the
study area to be deposited may be in the Lake
Zway where the area drains to. On the other
hand, most of the sand and possibly some silt
get easily deposited in the lowland, thus
resulting in a relatively lighter texture. In
addition to this, anthropic influences (de-
forestation and cultivation) enhance the
winnowing of the fine fraction from the sur-

face by wind.

The high proportion of pand in the soils
of the scoria cones (near the marginal escerp-
ment) is attributed to the topography which
is unfavourable for chemical weatbering (be-

1
ceuse water is wasted as runoff) and secondly

to the removal of the fine fraction, relative-

1y enriching the s0il in sand. On the plateau,

soils on flat surfaces and underlain by basalt,

show no textural differences from those under-

lain by ignimbrites.
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The general downward increase in the
clay fraction in most profiles is due to its
translocation from the upper parts by perco-
lating water which leaves relatively more
sand. Besides this, deposition of sand on
the top soil raises its amount. The latter

is more important in the lowland soils.

From the above discussion, it may be
concluded that vertical change in soil textur
is due mainly to rainfall (climate) and topo-
graphy, while lateral veriation is due to
the combined influence of climate( it contro-
1s the vegetation) and the overall topographic
differnce between the two regioms which
causes removal of material from one and
deposition on the other. As the topography
influences the climate and this inturn the
vegetation, it seems reasénable that the
textural distribution of the soils is governcd

dominantly by the topography of the area.

6’02.1 020 StI‘uCtuI‘e

Soil structure refers to the forms

assumed by the aggregates of soil particles.

It is therefore primarily dependent upon the

texture. It is significantly controlled by
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the kind and amount of clay and by the

moisture content of the soil.

The dark - dark brown soils are mainly
prismatic and occasionally show angular
blocky structure. Eventhough the structural
partings could provide openings for water
circulation, the high clay content and genc-
rally poor drainage condition result in
puddling of the ground and possibly also in
collapse of the structures during rainy
seasons. This makes ploughing very difficult.
When dry, they develope wide and deep cracks.
As a result working on these soils becomes

again problematic. /

The reddish brown soils around Asela
bear textural resemblance to the above soils.
Tnspite of their comparable amount of clay,
the slopes on which they occur favour drain-
age. Because of this reason, they do not
hinder operation (not mechanized) during
rainy season, but they are liable to thorough

drying in the absence of rain.

The lowland soils are sandy and
the aggregates the particles form are gene-
rally small. mherefore, they are supposed

to have better workability (they crumble
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easily). Their higher porosity and permeabilit-
(as expected from their texture) also makes

them easily workable.

The structure being strongly governed bv
the texture, the factors which controlled th:

latter must have determined the former.

In conclusion, the workability of the
soils in the Asela is controlled dominantly
by the topography which in turn controls and

operateg jointly with climate and vegetation.

Land Preparation Requirements

Slope

Flat and almost flat soil surfaces facilitate
land preparation for subsequent utilization far
better than soils on sloping topography. In this
aspect the dark - dark brown soils around Kulumsa
and Asela and most of the lowland soils are better
than the reddish soils of the plateau and the poorly

developed soils of the small volcanic cones. The

agement
narsh soils are not useable (unless land manag

ating
practices are conducted on them) and no evalu

— a
crops like rice, the slope condition poses n
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problem. The slope parameter ow98its variation in

the area to topography,
Thickness

The thickness of a soil is governed by the :
weatherability of the parent material, by the inten-
sity and duration of action of the climatic elements
(temprature and rainfall), by the biotic factor

and by the topography.

Eventhough it may not be considered as a con-
clusive remark applying to all the soils in the
area, there exists an inveres functional relation
between soil depth and slope angle of the site on
which the profiles ar; situated (Fig. 12). This is
because water does not remain long in contact with
the parent material on surfaces of high gradient,
thus minimizing chemical weathering. In addition,

the existing thin soil layer is easily eroded.

In terms of depth, the two major upland soils
are significant. The rift valley soils rarecly excoe
100 cm in thickness. This is because the rocks or
the rift valley are younger than those on the pla-

teau and hence there was a shorter period of wea-

thering.
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When considering fertility in terms of soil
thickness, the dark and reddish soils provide good
plant rooting especially to those plants with roots

going below the top soil. This helps plants to dras

nutrients and water from depth.

The variation in thicknesses of the soils in

the area is a result of mainly topographic and

climatic variations.

Stoniness and rockiness

The volume of stones and rock outcrops per unit
area of soil is higher in the lowland soils than in
the other two studied major soils. Within the low-
land itself, the scoria ridges and the area in the
vicinity are exceedingly stony and fairly rocky.
This is perhaps bec®use there was no enough time,
under the existing climatic and biotic situation,
for weathering (especially chemical) of this scoria-
ceous rock. It may thus be concluded that stoniness
and rockiness are dominantly climoséquential and

chronosequential parameters. The factor of topo-

graphy is also important in determining the existing

climatic differences between the plateau and the

rift f£loore.



6.2.2. Inherent Fertility Status

It has been stated earlier that the studied
soils were classified into categories of fertility
status on the basis of PH, cation exchange capacity,
organic matter, available K and P. Each of these
parameters show more or less patterned distributin:

with the area as discussed hereunder.

pH (Soil Reaction)

The influence of pH on the availability of
plant nutrients has becn widely discussed in severel
works (Jenny 1941; Adler 1947; Black 1967 & othurs).

The major exchageable cations in soils are

2+ Mget, k*, Na' (basic cations) and H*. They

Ca
occur adsorbed on the surfaces of colloidal clay
and hunus particles. A shift in the proportion
between hydrogen and the basic cations alters the
soil reaction. Hydrogen, if abundant in the soil
systen, substitutes a considerable nunber of basic
cations fron the surfaces of particles of clay
colloids and humus. These catiens forn conpounds,

nainly hydroxides and bicarbonates which are

: 2 » 1 1 *
leached out by percolating rain water (Jenny 941)

In the present survey, doninantly high pH

8.
valucs (»6) were recorded for the lowland soil
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On the other hand, a nore pronounced shift towards

lower pH (higher acidity) was exhibited by the up-
land soils. Out of eight top soils from the latter
(profiles 1 - 8), four showed low PH (¢5), two
nediunn (5 - 6) and two high. out of the same nu ber
of neasurenents in the lowland, six were found to

be high in pH, one low and one nediun.

When the profiles as a whole are considered,
thirtecen out of eighteen indicated vertical varia-

tion in soil acidity (decrease with depth).

The thick, well-drained reddish soils (profiles
4 & 5) indicate uniformly low pH throughout the
profiles - a property less evident in the adjacent
dark - dark bro&h:soils. Since climate, time,
parent material (ignimbrite) and the biotic factor
are nearly identical, the difference in the acidity
of these soils owes its existence essentially to
topographic variations causing poor drainage in the
dark - dark brown soils and good drainage in the

other. The condition in the latter enhances the

leaching of basic cations, accounting for their

low pH values.

Different factors have contributed to the

difference in the level of soil reaction between

the upland area and the lowland.
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The upland area has prolific rainfall apd
luxuriant vegetation (forest and grass land) comunr.d
- to the other; chemical weathering and leaching ar
correspondingly more intenze. Bec”use of the topo-
graphy, erosion is very important on the plateau and
deposition in the rift. There could also be signi-
ficant contribution to the enrichment in basic
cations of the rift valley soils from the volcanic
rocks of Chillalo which contain abundant minerals

containing these elements. Additional contribution

also comes from the pyroclastics of the plateau.

In the survey area, a general negative co-
rrelation between pH and mean annual precipitation
is noticeable: increase in pH of soils from Asela
to Kulumsa -1 from the latter to the rift floor
(Fig. 13).

The rising of pH with depth in soils is due to
the downward translocation of the basic cations
from the top soils. The acidity of the water decrens-
es as it percolates downwards, bectuse a lot of H”

is held in the interaction to replace the bases.

\

Rainfall and temperature data were available

i ata
for four representative sites (Asela, Kulumsa, AT

and Dugda). For sample sites out of these four,

extrapolation has been made from the data of the

nearest station by making allowances for elevation
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differences. The effect of temperature is opposite

to that of precipitation.

In general, in terms of pH as a fertility fact-r,

the rift soils occupy a better position than the

plateau soils.,

Organic matter and total nitrogen

Regarding the distribution of soil organic
matter and nitrogen, no clear picture emerges from
the laboratory analytical data. There is no clear
variation in the content of these two significant
components, correlatable with the soil types.
Neither is there any distinct change from the

plateau to the rift.

Since most nitrogen in soil is represented
mainly by organic compounds (Joddi 1910; Shumk 19714;
Bremner 1950 and others inj; Fononova 1961), total

asing

nitrogen generally shows an increase with incre

organic matter.

Jenny (1941) stated that other factors remaini-

ng constant, soil nitrogen increases with water

supply. Inspite of the higher rainfall on the

plateau, the examined soils in the latter do not

excel the rift soils in organic matter and total

nitrogen.




-85-

The better condition of grassland and forest

vegetation on the highland is also expected to
produce in the soils a better status of organic

matter and nitrogen. But this is not reflected in

their amounts in the soils.

In terms of total nitrogen, a greater propor-
tion of the top soils (about 75%) showed high

content.

Since both organic matter and nitrogen do not
show systematic distribution over the area, it
becomes very difficult to make qualitative or
quantitative statements about the role each soil
forming factor played to produce the status of the

two.

Available Phosphorus

Phosphorus is classed as one of the macro-
nutrients in soils and is derived from weathering
of primary phosphorus-bearing minerals and from

plant residues.

The amount of phosphorus in the top soils
suggests that this nutrient might be more important
as a limiting factor than the others. Out of nine
samples from the upland soils (profiles 1 - 8, 19,

seven (about 78%) were low in phosphorus, wherens




-86~

only five out of fourteen samples (35%) in the rift

were in this category.

In this case, as with pH, there is a tendency
of increase in available phosphorus from the uplard
to the lowland. When available phosphorms is plotted
against mean annual precipitaion (Fig.14), the curv
though not very well defined and with low slope,
gives an idea about the existence of an inverse
relationship between the two (rainfall and availablec

phosphorus) .

Teuscher (1974) indicated that the availability
of phosphorus is ¢ =ntrolled by pH. At decreased DK
values, it is said t» occur as an ins~luble ph’ a8~
phate and hence less available to plants. Higher
pH being prevalent in the lowland soils, phosphoras

has a better chance of solubility and therefore,

higher availability.

Eventhough not conclusive, the presence of

apatite in profile 5, is indicative of contribution
to soil phosphorus from the basalts.

In general, it might be said that the soil

forming factors control available phosphorus in

soils, through their influence on soil reaction.
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Excdangeable bases (Ca, Mg, X and Na)

The light and heavy minerals of the fine - very
fine sand fractions (0.25 - 0.063 mm) of sixteen
representative soil samples were studied in order
to have an idea about the provenance of the parent
material (Table 5). This was compared to the
mineralogy of the underlying bedrocks. It was found
that in most cases, the studied soils generally

developed from both in situ and transported mater-

1als o

The mineralogical constitution of the soils
is monotonous. In the light fraction, feldspars
(mainly alkali feldspars) are preponderant and
quartz is second. Unaltered lithic and less commonly
vitric frasments are subordinate. The heavy fractio-
ns almost always consist of magnetite associated
with minor ilmenite in some profiles and in a very

few cases with insignificant amounts of hornblende,

apatite and rutile.

No lateral or vertical variation is clearly

seen in all sixteen samples. The occurence of
abundant quartz in profiles overlying basalt (9,22)

suggests the presence of material transported from

the ignimbrites and tuffs, bechuse quartz is absen

in basalts. As the basalts, trachybssalt and




mable 5

Weight % of minerals in the fine-very fine

(0,25-0.,063 mm) sand fraction of soils

Profile No. Depth (cm)

y 0-70

70-110

155-240

5 0-20

20-50

50-90

9 0-40

Below 40

Light fraction
Quartz - 47% subangu-

lar - subrounded» white,
sliggt limonite coating

Feldspar - 40%
Rock fragments - 3%

Quartz - 40%
Feldspar - 15%

Rock fragments - 15%
Glass - 25%

Quartz - 35%
Feldspar - 35%

Rock fragments - 15%
Glass - 7%

Quartz - 25%
Feldspar - 40%
Rock fragments - 25%

Quartz - 30%
Feldspar - 45%

Rock fragments - 15%
Glass - 5%

Quartz - 35%
Feldspar - 50%
Rock fragments - 6%

Quartz - 43% ; milky,
sometimes pitted
Feldspar - 35%

Rock fragments - 14%

Quartz - 25%
Feldspar - 25%
Rock fragments - 45%

-89-

Heavy fraction

Magnetite - 9%
Ilmenite - 1%

Magnetite - 5%

Magnetite - 8%

Rutile (?)<«<1%

Magnetite - 10%

Magnetite - 5%

Magnetite - 7%
Tlmenite - 2%
Apatite (?)<<1%

Magnetie - 6%
Ilmenite - 2%
Magnetite |

Ilmenite | 5%
Hornblende



Table 5 contd.

Profile No. Depth (cm)

12 0-25
55-60

21 0-30
30-60
60-100

22 0-25
25-50
50-90

Light fraction

Quartz - 3%6%
Feldspar - 54%
Rock fragments - 6%

Quartz - 35%
Feldspar - 40%
Rock fragments - 17%

Quartz =y 30%9
sacchroidal texture
Feldspar - 60%
Rock fragment - 3%

Quartz - 35%
Feldspar - 52%
Rock fragments - 5%

Quartz - 40%
Feldspar - 56%

Quartz - 35%, milky,

pearly limonite coated

Feldspar - 46%
Rock fragments - 10%
(reddish brown)

Quartz - 50%
Feldspar - 55%
Glass - 7%
Quartz - 2%8%

Feldspar - 52%
Rock fragments - 2%

-90-

Heagxg!raction

Magnetite - 3%
Ilmenite - 3%

Magnetite - 7%
Ilmenite s 1%
Hornblende

Magnetite - 7%

Magnetite - 7%
Ilmenite } g
Hornblende)

Magnetite - 4%,
partially coate«

with limonite
Hornblende ¢¢0.5

Magnetite - 5%
Ilmenite - 4%

Magnetiter guo
Tlmenite ./

Magnetite - 8%
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trachytes contain a good deal of magnetite ( very
low in the pyroclastics), its unexpected abundance
in soils underlain by pyroclastic bedrock is sugges-
tive of additional source from the former. On the
other hand, minerals identified in thin sections

of the bedrocks are also well-represented in the
overlying soils. This is an evidence of in situ

parent material.

Bec ause the soils are derived from mixed
parent materials, it becomes very difficult to
relate the fertility status with the rock types.
When all samplesare examined, all basic cations
but magnesium, show a distribution in the upland
and lowland soils similar to that observed for
phosphorus i.e. commonly higher Ca, K and Na in
the rift soils than in those of the plateau.
When the top soils alone are considered, Ca, clearly

maintains this relationship and K less clearly.

The possible sources of Ca in the soils are
mainly plagioclase feldspar and augite which sre
common constituents of the basalts, trachybasalts
and trachytes. Less important sources could be
amphiboles, hypersthene and apatite which occur

in one or the other rock in small quantities.




The accumulation of weathering products of
rocks on the plateau and leaching from the upland
soils are important sources of the relative calcium
enrichment of the lowland soils. Some profiles
show a greyish white, powdery coating mostly below
depths of 20 cm. This could be due to the trans-
location of Ca ions from the upper parts of the

profiles to be deposited may be as calcium carbonate.

In profile 18, large, elongate carbonate
nodules (upto 20 cm long) were found afa'iepth bf
50 cm. These nodules could be of the same origin
as the carbonate coatings in other profiles. In
this case, however, there seem to have been a
highly concentrated solution which, while moving
downward through the profile, precipitated Ca
possibly as calcium carbonate. The deposition of
calcium carbonate could be due to an encounter with
the bedrock which prevented further movement and
may also be because of the decrease in soil acidity.
The latter is important because, calcium carbonate
is soluble in the presence of abundant H*. An
abrupt rise in the amount of exchangeable calcium
with depth is observed in this profile (Fig.15).

Potassium is an abundant nutrient in all the
soils. Biotite is a good source of potassium and it

occurs in the basalts, trachytes and trachybasalts.
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Fig.15 Vertical distrbution of exchangeable Colcium in profile 18.
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Sanidine is abundant in the trachytes and together
with glass which is a major constituent of the pyro-
clastics (alkali feldspars as one of its main

components), supply potassium.

The extensive occurence of the pyroclastics
may be responsible for the very high potassium

content of the soils.

When the relative abundance within the two
climatic regions (plateau and rift) is considered,
potassium shows the same distribution as calcium
(Fig.16). The causes of this relative enrichment
are again leaching from the platesu soils and
accumulation in the lowland. Alemayehu Mengistu
(1975) mentioned that the salt content of the low-
1and soils is also higher (aboutQ18%). In the deter-
mination of potassium, there could have been addi-
tion from these salts contributing, to a certain

extent, to the very high potassium values.

Magnesium, 28 already mentioned, does not

show distinct veriation throughout the ares.

Eventhogh it does not show up in the top
soils, examination of all samples indicated rela-
tively high Mg values in the lowland soils. This

could be attributed to gimilar causes A8 for the

other basic cations.
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Cation exchange capacity

This is the total amount of exchangesble cations
expressed in meq/100g soil. In all the top soils
but- one, cation exchange capacity is high (more
than 25). The uniformity in this property makes it
difficult to examine the nature of the relationships
with the different soil forming factors. Neither
lateral nor vertical variation in this parameter

is evident.

Cation exchange cepacity has been shown to
increase with rise in surface area per unit weight
of soil (Whitt and Baver 1930in: Black 1967) . This
indicates its relationship to soil texture; heavy-
textured soils are expected to have higher CEC
than light textured ones. Soils organic matter is
also of profound importance in determining its

cation exchange capacity.

Despite their relatively high content of clay,
and the better source of organic matter replenish-

ment, the dark - dark brown and the reddish goils

4
do not show a status in CEC better than tho lowlan

i wer in
soils which are coarser 1n toxture and 10

the amount of organic matter replenishing thes.
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Cation exchange capacity is also dependant on
and varies with soil mineralogy. The mineralogy of
the soils, at least in the fine - very fine sand
fractions was shown to be uniform, thus contributing
to the uniform distribution of CEC values in the

soils.
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6.2+.%« Agricultural land Capability

Using some modifications on the Malawi system of
land capability classification (Dent and Young, 1981),
the study area may be roughly divided into various

capability classes (Fig.17).

In the present case, the permanent limitations
used to classify the area are, slope, degree of
dissection, surface hind rances (rockiness and

stoniness), wetness and depth of the soils (Table 6).

Correspondence between the classes of inherent
fertility status and those of land capability is
extremely poor and might be considered nonexistent
ji.e. high inherent fertility status does not correspo-

nd with the best land capability class.

No portion of the area fulfills the require-
ments to be assigned to class I. Only a small arern
around the town of Kulumsa falls into class II. The
third class : consist of the flat-gently sloping and
slightly dissected southern corner of the mapped area.
To the fourth class belong two small areas in the rift
(Arata and Deneba), where relatively large farms sare
found. A large part of the rift floor has abundant
surface hind rances and also the soils are generally
thin. This portion falls into class V. Class VI

includes the moderately-highly dissected eastern



'
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Table 6. Agricultural land capability classification of the Asela area
(Modified after Dent and Young, 1981)

Limitation
Worst 1. Slope (degree) 1 2% 4y 6% 1 11 any  any any
Permissible 2. Dissection nil mod . mod . sev. mod. sev. sev. any any
value 3. Rockiness &/or 10 10 25 50 10 50 50 any any
symbol in stonibness (%)
each class 4. Wetness nil nil short cons. nil cons. cons. cons. coOns.

periods per. per. per. per. per.

¢ e — —

5. Depth (cm) 9 50 90 50 35 50 25 2525 S0 50 90 25 50 any  any
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segement of the study area and the depression west
and southwest of Asela. The small volcanic cones (on
the plateau) with their thin soil cover and highly

sloping surfaces could be assigned to class VIT.

Despite the very high fertility of their soils,
the swamps in the rift valley occupy & very low stotus
(class VIII) with respect to their capability for
agriculture. These areas could not be used without
proper land management practicee. If the water is dra-
ined partially or completely, use can be made of these
highly fertile soils for different crops, preferrably

rice.

To the last class of land capability belong the

fault scarps and other bare rock surfaces.



7. CONCLUSION

A given soil may be termed "ideal™ with respect to ferti-
LAt
1ity it possesses the best of both physical and chemical para-

meters of fertility in combination. This situation is mostly

unattainable in nature.

The sum of both of these parameters determines sohl ferti-
1lity in regards to productivity. For instance, & soil with
good inherent fertility status (chemical fertility) becomes
nighly productive when associated wth good physical conditions
(slope, texture, rockiness etc.) and shows low productivity

when one or more of these conditions is unfauourdble.

Nevertheles, the present study is limited entirely to
inherent fertility status of the studied soils, the evaluation
of which was based on the five fertility factors (p, CEC, K, F
and organic matter).

Available potassium and cation exchange capacity are

almost always invariably high in all soils. iIn terms of pH,

eater number of the top soils from the platesu phow low
gh in all soils. Com~

g
fertility. Organic matter is generally hi

pared to the other foctors of rating, phosphorgs gooms to b

a limiting factor.

when the over all fertility of the soils is takon into

account, 21% of the top soils are very highly fertile, 35%

medium and 43% high. peficiency in the macronutrients is not

a problem.



In a generalized manner, the rift valley soils have better
inherent fertility status than the plateau soils

The most important processes which determine this distimet

difference are mainly removal and addition. Weathering of diffe-
rent rocks on the plateau liberates a number of products which
are removed from this region and added to the lowland. Trans-

location is also another process which produced the vertical

variation observed in the profiles.

The factor/s which dominantly determined the variations
in the inherent fertility status in the area are, therefore,
directly attributed to the factor/s which governed the abowe

processes.

Time is important for the soil formers to act on parent
materials to form soils, but the length of time in which a
certain soil forms depends on the weatherability of the parent

material, biologiwal activity in the soil, climate and topo-

graphy. The factor of time can also be important in soil de-

gradation provided that it is favoured by the other factors.

The author is of the opinion that inasmuch 28 its role is

an
determined by the other soil forming factors, rather than

s a sort of
independent soil forming factor, it may be taken 8

t -
a medium, with no entity of influence (on soil property

ight, dbut in
fertility in the present case) OB its own right,
Based on this, time as & soil

y is left sside here.

which the other factors operate.

. 3 t
forming factor affecting inherent fertili
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The fact that there are only insignificant occurences of
sedentary solls makes it difficult to relate the soil fertilicy

status with the rock type. This type of soils are the ones that

developed on hill sides and crests,

It is clear that the sources of the various plant nutrie-

nts are the differnet rocks in the area. The absence of correla-

tion between the mineralogy of each soils and that of the bed-
rock beneath it (this situation is expected from soils formed
on in situ parent material) indicates the dominance of one or

more of the factors, climate, topography and biology.

These three are so intimately associated that it becomes
very difficult to separate the role each one excercised on the
processes of removal, addition and translocatiom which in turn
were responsible for the overall variation in the inherent

fertility status of the soils.

The topography on the plateau, with its high elevation
above sea level effected high rainfall and relatively low

temperature. The high rainfall in turn produced dense vegeta-

3 tl -
tion of numerous plant species. Weathering of rocks was haste

. : 3 tion
ned by abundant rainfall and organic acids from vegets

both
decay. The removal of weathered products was enhanced

. treans
by topography and by the ebundant rainfall which fed 8
and rivers.

hland 18
A good deal of the material removed from the hig

the flat
added to the soils in the lowland (because of




topographic surface at low elevation),

thus producing enriche

ment here in the added constituents. The removal left behined

it soils, pooreX in the lost nutrients and higher in acidity

The vertical variation in the fertility status is due to
elluviation from the top soils. The variation of the physical
parameters used to evaluate the land capability owe their

existence mainly to topography, time and climate.

The slope condition is an element of topography and
influences the degree of disection (pa®t erosion), wetness
and soil depth. The rainfall again controls erosion, the wetne-
ss and the rate of soil formation. The shallowness and the abu-
ndance of rocks and stones on the rift soils is due mainly to

the relatively short period of weathering of the rocks here.

From the preceeding discussion, it can be concluded that
topogravhy and climate were the most important factors in
influencing the inherent fertility status of the soils in the
Asela area. The biology (mainly vegetation) being dependent

on these two, is second in importance.

When the overall fertility (chemical and phySiCﬂl) is

i ime are the
taken into consideration, topography, climate and time

" st ithin the area.
most important in controlling the variation with
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Description of Soils

Profile 1
Location:- SSVW of Asela,
Elevation and climate ...
Landform seee.veeeenennss
Parent material sveeees.e
Drainsge ...seeecsevsavss
Soil moisture ..eevecesee

Vegetation or land use ..

0 -« 70 cm

70 - 110 cm

110 - 155 cm

155 - 240 cm

roadside to Lole.
2540m, cool, moist, annual rainfall about
1400mm.

flat

apparently derived in situ from ignimbrite
imperfectly drained

0 - 70 cm dry

short grass, cultivation.
Black (10 YR 2/1 moist and Vdk gr br
dry, clay loam, prismatic, very sticky,

plastic, firm, many fine and medium roots,

cylinderical worm casts, wide cracks,

stickenside, many fine-medium pores.

Vdk gr br (10 YR 3/2) moist and dk gr br

(10 YR 4/2), clay, cracks.

dk br (10 YR 3/3) moist and dk br (10 YR

3/3) dry, clay, moist.

dk br (7.5 YR 3/2) moist and br (7.5 YR

L/4) dry, clay.




Profile 2

Location seseceeneeaenn
Elevation & climate.....
Landform oo smiee e e o Wislel Rt
Siope cesesesercsassins
Parent materiai PP
Drainage R
Soil moisture <eevceese

Vegetation or land use .

0 - 50 cm
50 - 70 cm
Profile 3

Location ceeenssesaass
Elevation & clima£e ‘..
Landform .eeecesessvvse
Slope ......L;;;;;..,.
Parent materiai .;,.y-
Drainage ..eesecocesces

Soil moisture seceeces

Vegetation or land use ,-

~107-

» Chebi, SE Asela, SE facing side
2300

hillside
moderately steep
scoriaceous basalt
perfect

dry throughout

surrounding area cultivated

dk rd br (5 YR 3/3) moist & dk rd br
(5 YR 3/3) dry, sandy clay loam, very

stony, shallow

dk rd br (2.5 YR 2/4) moist and dusty

red (2.5 YR 3/2) dry, loamy sand

Chebi hill, SE Asela, NW facing side
2330m, cool, meist

hillside

moderately steep

scoriaceous basalt

perfect

dry throughout

surrounding sre 7 cultivated
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0 =20 cm dk rd br (2.5 YR 2/4) moist & dusty red

(2.5 YR 3/2) dry, loam, other features

same as Profile 2.

Profile &4

Location .ee¢eceeveessss S Assela, Dosha, roadside
Elevation & climate +ees. 2490m; moist, cool
Landform «.ecescecsccccsoe rolling

Slope Gently sloping

Parent material ..scecss Ignimbrite

Drainage seeescovecsvons well drained

Soil moisture seeecevccns dry throughout

Vegetation or land use .. Eucalyptus, Juniper, short grass

0= 30 cm dk rd br (2.5 YR 2/4) moist and yrd
(5 YR 4/6) dry; clay, firm, sticky,
slightly hard, many medium to fine roots,
ignimbrite fragments, dark reddish mottles
uniform profile, thick, iron oxides

accumulation

Below 30 cm dk rd br (2.5 YR 3/4) moist & y rd
(5 YR 4/8) dry, clay, other features

same as upper part of profile.



Profile 5

Location wiwiialid ) 858 o) el sheTlen
Clevation & climate ....
LandfOrMm ceeeeseoscvonne
S1OPE sseesessncesssanns
Parent material cieesene
Drainage eseeebecccersns
Soil moisture ceeseecees

Vegetation or land use ..

0 - 20 cm

20 - 50 cm

50 - 90 cm

Profile 6

Location COODOOOUOOOOO

Elevation & climate «ec¢

-103-

2% km S of Assela, side of main road

cool moist, 2600m

undulating

Gently sloping

apparently derived in situ from ignimbrite
well drained

dry througholut

Podocarpus, Juniper, also cultivated

dk rd br (5 YR 2/2) moist & dk br

(7.5 YR 3/2) dry, loam, prismatic, sticky,
fgiable, slightly hard, no stones, dark
red mottles, uniform throughout profile)

iron oxides accumulation.

dk rd br (2.5 ¥R 3/2) moist & ¥ rd (2,5

YR 4/8) dry, clay, prismatic, other

features like above

dk rd (2,5 YR 3/6) moist gy rd (2.5

YR 5/8) dry, cla¥, some fragments of {gnim-

brite, uniform throughout profile

SE Assela, Duna

o420m; cool, moist



Profile 5

Location I RPERPT T
Elevation & climate ....
Landform .«eeeeeeevsecncs
S10PE sessesssssssaneney
Parent material seeeeeee
Drainage esessbosscovens
Soil moisture eceeeesccen

Vegetation or land use ..

0 - 20 cm
20 - 50 cm
50 - 90 cm

Profile 6

Location T T L

Elevation & climate ....

2% km S of Assela, side of main road

cool moist, 2600m

undulating

Gently sloping

apparently derived in situ from ignimbrite
well drzined

dry throughout

Podocarpus, Juniper, also cultivated

dk rd br (5 YR 2/2) moist & dk br

(7.5 YR 3/2) dry, loam, prismatic, sticky,
friable, slightly hard, no stones, dark
red mottles, uniform throughout profile)

iron oxides accumulation.

dk rd br (2.5 ¥R 3/2) moist & ¥ rd (2,5
YR 4/8) dry, clay, prismatic, other

features like above

dk rd (2,5 YR 3/6) moist & ¥ rd (2.5
YR 5/8) dry, clay, some fragments of ignim-

brite, uniform throughout profile

SE Assela, Duna

2420m; cool, moist



Landform sesenevaseevdae

Slope

I I B )

Parent material

Drainage

Soil moisture condition ..

Vegetation or land use

0 - 30 cm

30 - 90

Profile 7

Location

Elevation & climate ...

Landform

PR E R R

Slope o6 e 00000 s

Parent material

se v s

Drainage

Soil moisture in profile ..

Vegetation or land use

110~

almost flat

almost flat

apparently derived from basalt
imperfect

0 - 30 cm dry

short grass

V dk gr (10 YR 3/1) moist & V dk gr br
(10 YR 3/2) dry; clay loam, angular
blocky, very sticky, plastic, very firm,
very hard, slickensides, many fine pores,

fairly stony

V dk gr br (10 YR 3/2) moist & dk br
(10 YR 3/3) dry, clay, few Ignimbrite frag-

ments, medium roots

W of Duna, SE Asela
2195m

depression

flat

apparently ignimbrite
poorly dreined

0 - 60 cm dry

coe graaaland.uncultivntod



0 - 60

Below 60 cm

Profile 8

Location ececesscccsscsce
Elevation & climate ...
Landform eecececcccovee
S10PE  coeseessssacccens
Parent material ececeece
Drainage eeeeescesesres
Soil moisture cecesecce

Vegetation or land use ..

0 - 20

111~

V dk gr br (10 YR 3/2) moist & dk gr br
(10 YR 4/2) dry, clay, prismatic, very
sticky, very plastic, friable, very hard
cracks 60 cm deep, slickensides, very fine

pores, fine roots,

V dk gr br (10 YR 3/2) moist & dk gr br
(10 YR 4/2) dry; clay, gravel size ignim-

brite fragments.

Near the main escarpment, SW of Asela
2250m

Hillside

Moderately steep

Scoria

Somewhat excessively drained

dry throughout

cultivated surrounding, scattered icacia

ak rd br (5 YR 3/3) moist & dk rd br

(5 YR 3/4) dry, clay loam, sticky, plastic,

friable, hard, few fine pores, fine-medium

roots, shallow



Profile 9

Location

Elevation & climate

Landform PR R RN B R

S10PE ceececcscccocsonns

Parent material ..

Drainage

e e e s 0000

S0il moisture ...

ooo“un

Vegetation or land use ..

0 - 40 cm

Below 40 cm

Profile 10

Location

Elevation & climate

Landform

Slope e

00.000-00

Parent material .-

Drainage

PR S N AL R A

DR

sesoe®

PR

-112.

Kuche hill, ¥ Asela

2210m

Hilly, convex slope

Gently sloping

Porphyritic feldspar basalt
imperfect

0 - 40 cm dry

Acacia, Podocarpus, grass % shrubs

vV dx gr (10 YR 3/1) moist & V dk gr br
(10 YR 3/2) dry, clay loam, prismatic,

sticky, plastic, friable, very hard, medium

roots common

v dk gr (10YR 3/1) moist & dk gr br

(10 YR 4/2) dry, clay

Rift Valley, near Arata eastern edge of

Shetmata Marsh

1720m, warm, dry

graben (structural depression)
Flat

possibly jgnimbrite

very poorly drained



Soil moisture

Vegetation or land use .,

30 - 50 c¢m

90 - 110 cm

Profile 11

Location ieeee

Elevation & climate ...

landform

R

Slope

Parent material

Drainage

Soil moisture

Vegetation or land use ..

25 - 60 cm

80 - 100 cm

~113-

moist throughout

swamp grass & other tree species

V dk gr br (10 YR 3/2) moist & light br

gr (10 YR 6/2) dry, loam, ntructurelen

dk gr br (10 YR 4/2) moist & light br

gr (10 YR 6/2) dry, loam

Rift Valley, north-eastern edge of
Shetmata Marsh

1720m, warm, dry

graben (structural depression)
flat

possibly ignimbrite

very poorly drained

moist throughout

swamp grass & other tree species

V dk gr br (10 YR 3/2) moist & dk br

(10 YR 3/3) dry, clay loam

V dk gr br (10 YR 3/2) moist & dk br

(10 YR 3/3) dry, clay




Profile 12

Location

Elevation & climate ...

Landform

S1lope eescvescas

Parent material seeesees

Drainage

LEC R

Soil moisture eiesisieio

Vegetation or land-use .

0 - 25 cm

35 - 60 cm

Profile 13

Location

PECEECRE N

Elevation & climate ...

Landform

Slope ..

Parent material

Drainage

e

ss 00000

-6

Rift Valley, N of Dugda Balewold Church

1800m, warm, dry
fault terrace
almost flat
Greenish ignimbrite
poorly drained

0 - 20 cm dry

Savanna type vegetation

V dk br (10 YR 2/2) moist & dk y br

(10 YR 3/4) dry, clay, moderate grade
spherical structure, (crumb) slightly
sticky, slightly plastic, firm, slightly
hard, fine-medium root common, mole

burrow present

dk rd br (5 YR 3/3) moist & dk rd br

(5 YR 3/4) dry, clay

.

33 km from Aseln,in the Rift, S Arata
1830m, warm, dry

almost flat fault terrace

almost flat

Ignimbrite

Imperfect



Soil moisture s e e s e s e

Vegetation or land use ...

0 - 20 cm

20 - 40 cm

Profile 14

Location eecesssseccscnscce
Elevation & climate ...
Landform ssecscesecccces?
S10pe essoscecesveprercc”
Parent material eececcce
Drainage eeeeseescecce"’
Soil moisture eeececccc?

Vegetation or land use ..

0 - 20

- 115-

top 15 cm dry

savanna type

V dr br (10 YR 2/2) moist & dk y br
(10 YR 3/4) dry, clay spherical, slightly
sticky, slightly plastic, firm, slightly

hard, fairly stony, mole burrow

dk rd br (5 YR 3/2) moist % dk rd br
(5 YR 3/4) dry, clay, ignimbritic frag-

ments, fine medium roots common

34% km from isela, in the Rift
1780m, warm, dry
almost flat

almost flat

apparently derived in situ from ignimbrite

poorly drained

top 20 cm dry

Scattered Podocarpus, Acacia, short grass

V dk gr br (10 YR 3/2) moist & dk y br

(10 YR 3/4) dry, clay losm, spherical,

dark mottles, stony



k.

Profile 15

Location ..e.ceceveceees’ 33% km from isela, sdjacent to profile 13

Elevation & climate .... ° 1840m

Landform Sesssecsesinnoess almost flat fault terrace
Slope wesevasssnm e almost flat

Parent material .secsvovs Rift ignimbrite

Draingge eesssemielssase poorly drained

Seil moigture  wulselsisires 0 - 10 cm dry

Vegetation or land use .. cultivated

0 - 25 cm V dk br (10 YR 2/2) moist & dk y br
(10 YR 3/4) dry, loam, slightly sticky
slightly plastic, friable, slightly

hard, fairly rocky

Profile 16

LoCBELOR «oesssaessnnins Near Deneba Farm

Elevation & climate ... 1820

Landform essessvsasesss almost flat, flood plain

Slope ssusvessbekiadNns almost flat

Parent material © o SaaEE alluvium

Drainage eceecsecescsacs poorly drained

= 20 dr
Soil moisture .ecsccecs 0 - 20 cm dry

Vegetation or land use . cultivation, Acscia & other trees

(Sevanna type vegetation)



0 - 30

30 60

60 - 110

Profile 17

Location se s e e s s sy

Elevation & climate

o0

Landform

PR R R A L

Slope ...

e e s 00000 s

Parent material

Drainage ee e o0 e s s

Soil moisture

P R

Vegetation or land use ..

0 - 30

~1/7-

V dk br (10 YR 2/2) moist & dk br
(10 YR 3/3) dry, loam, prismatic, sticky,

plastic, frisble, hard, deep, uniform

profile

V dk gr(10 YR 3/1 moist & dk br (10 ¥R

3/3) dry, clay loam

V dk br (10 YR 2/2) moist & dk br

(10 YR 3/3) dry, clay loam

38 km from Assela, SE Shetmata Marsh
1850

almost flat

almost flat

pumiceous ignimbrite

poorly drained

0 - 10 cm dry

dominantly Acacia

V dk gr br (10 YR 3/2) moist & dk br
(10 YR 3/3) dry, clay, sticky, slightly

plastic, firm, very hard



~1g-

30 - 60 V dk br (10 YR 2/2) moist & dk br (10

YR 3/3) dry, clay

Profile 18

Location 4eesescesssscssss 38% km from Asela, SE of Shetemata Marsh
Flevation & climate ...... 1870m

Landform ..cesscssscssscss Horst

S1OPE esecesessvcessscsasces gontly sloping

Parent material .......... Pumiceous ignimbrite ™ w®»

Dreinageé ee.ececeeesssssesess poorly drained

S0il MOLiStUTEe sovessesseses O = 5 cm dry

Vegetation or land use .... Acacia, also cultivated

0O - 35 cm V dk gr br (10 YR 3/2) moist and dk br
(10 YR 3/3) dry, loam, -blecky, slightly
plastic, sticky, firm, slightly hard,

exceedingly stony, fairly rocky

dk y br (10 YR 4/4) moist & light y br

35 - 70 cm
(10 YR 6/4) dry, loam, large nodules of
Ca Co3 at 65 cm depth
Profile 19
Location .o Foot of the main escarpment, near Bolkesao

waterfall

Elevation & climate .. 1830m, warm & dry




Land=Form «weoss cessseaen

SLODE oo e wisie o wraiere sieis srarers
Parent materiesl ...cceee
Dradfage eowsesemes ks
Soil moisture .iesssveass

Vegetation or land use

0 - 20 cm

20 - 50 cm

Profile 20

Location eessnencsccesen
Elevation & climate ....
Landform .eecceceeocescss
S1O0Pe seescsscccsssrsnss
Parent material ..cscees

Drainage TR R AL

-119-

almost flat, bound by fault scarp on
one side

almost flat

.Colluvial

poorly drained

0 - 10 cm dry

Savanna

br black (10 YR 3/1) moist & brownish
black (10 YR 3/2) dry, loam, spherical,
slightly sticky, slightly plastic, loose,
soft, basaltic & ignimbritic fragments
present, dark grey loose material (looking
like firewood ash) at a depth of 15 cm,

fairly rocky, exceedingly stony

br black (10 YR 2/2) moist & dark br

(10 YR 3/3) dry, loam

Rift shoulder, ¥ of Kuche hill
2120m,

fault terrace

almost flat

apparently derived in situ from ignismbrite

Poorly drained




Soll moisture S e e e

Vegetation or land use ...

0 - 20 cm

20 - 45 cm

Profile 21

Location «ceececccsccsnes
Elevation & climate ...
Landform ececececsccsssce
Slope s @ mEERE R KA
Parent material P
Drainage eeececcevsccscs
Moisture condition. P

Vegetation or land use ..

0 - 30

-123-

0 - 10 em dry

Eucalyptus, Acacia, short grass

Black (10 YR 2/1) moist & V dk gr br
(10 YR 3/2) dry, clay, cracks upto 10
cm wide, prismatic, very sticky, plastic,

very firm, very hard, many fine pores

Black (10 YR 2/1) moist & V dk gr br

(10 YR 3/2) dry, clay

34 km from Assela, in the Rift
1815m, warm, dry

Iault'torraco

almost flat

ignimbrite

poorly drained

0 - 15 cm dry

Grazing, Podocarpus, Acacia trees

v dk gr (10 YR 3/1) moist b dark br

(10 YR 3/3) dry, clay, prismatic, fira

hard, very stony, a grcyiuh white layer ,may

be of carbonate, eracked, slickensides

present



30 - 60

60 - 100

Profile 22

Location eceescccscccss

Elevation & climate ...
Lendform ..eeecceconccs
S10PE  ecececoconee 50 aleie
Parent material «.eeee
Drainage eeeseescccccs
Soil moisture seeceecce

Vegetation or land use ..

0 - 25 cm

25 - 50

-121-

V dk gr br (10 YR 3/2) moist & dk by

(10 YR 4/2) dry, clay .

dk br (7.5 YR 3/2) moist & dk br (7.5

YR 3/2) dry, clay

NE of Arata, 150 m west of the road to
Arata

warm & dry

Flat

Flat

Basalt

Poorly drained

0 - 20 cm dry

Scattered tree grassland with dominst

Acacia

vV dk br (10 YR 2/2) moist & dk pr (10 YR

3/2) dry, clay loem, prismatic, slightly

plastic, sticky, greyish white carbonate

accumulation at 15 cm depth, accumulation

of sesquioxides, reddish mottles.

v dk gr (10 YR 3/1) moist & dk gr br

(10 YR 4/2) dry, clay




50 - 90 cm

Profile 23

Location seeeeccecvsnns
Elevation & climate ...
Landform ..ccecscceccsce
S1OPE secvscocscoccssone
Parent material .......
Drainage eeeeecscscsene

Vegetation or land use .

0 - 25 cm

Profile 24

Location ceecceescoccsce
Elevation seeecececccess
Léndform o 51 0 NS Wid BT
S1ope cocesssscccccces
Parent material .ecsee

Drainage seeeecssccccs

0 - 20 cm

- 122

Vdk rd br (5 YR 2/3) moist & dk rd br

(5 YR 4/2) dry, clay

Dugda area in the Rift
1780 m warm & dry
almost flat

almost flat

Rift pyroclastics
imperfect

Savanna type

V dk gr br (10 YR 3/2) moist & dk gr

(10 YR 4/1) dry, clay

North of Asela about 1% km
2300m, cool, moist
hillside

Gently sloping

apparently ignimbrite

well drained

dk br (10 YR 3/3) moist & dk br (7.5 IR

4L/k) dry, loam




Profile 29

Location eesecececcncs

LandfOI‘m R R

Drainage o.-.u.cvcooo‘o

0 - 15 cm

Profile 26

Location sececescccsee
Elevation «eeecaascoess
Landform .eeceecsesces
S10PE eesveasssesaccees

Parent material eeeece

Drainage eceeesccesscece

0O - 20 cm

-123.

E of the main A.A., - Assela road, about
L% km N Assela
convex slope

well drained

V dk gr (10 YR 3/1) moist & dk gr

(10 YR 4/1) dry, loam

3 km SE Asselsa, ARDU campus
2370m

undulating

gently sloping

ignimbrite

moderately well drained

dk rd br (5 YR 3/3) moist & rd br

(5 YR b4/4) dry, clay
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