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ABSTRACT

The study investigates the extent of influence of the geolog-
jical history, essentially parent rock, topography and time, on
soil formation and distribution in Bichena, Southeastern Gojjam.

Lithostratigraphy of the Mesozoic sedimentary sequence and
Cenozolic volcanice is described. An attempt has been made to
reconstruct the morphologic evolution of the area. Four scil
mapping units in close relationship with the parent material
and geomorphology have been differentiated: Vertisol, Mollisol,
Alfisol and Entisol Orders. The solls are found to assume different
states when the above considered soil forming factors are changed,

The vertisol development from aphanitic basalts is determined
by the evolution of the structural plateau geomoxrphic surface
through lateral planation, which has allowed for two cycles of
pedogenesis. The Mollisols have developed from porphyritic plagio-
clase-Olivine basalt. These indicate that soil parent materials
with similar mineralogy give way to soil varieties., A lateral variat-
jon in some soil properties of the Mollisol order is found to be
strongly explained in terms of the slope gradient. The study shows
that the Plio-Pleistocene neotectonic uplift and subsequent develop-
ment of a deep canyon including morphogenetic threshold slopes has
resulted in lack of sufficient time for pedogenic horizons to develop
in Alfisols and Entisols,
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An attempt to picture Geology in its many and varied facets
is undertéken in the text. These are major soll genetic factors
which present a problem in soil science and there has been ne
complete elucidation to date of their interdependence.

In Ethippia, as in most underdeveloped countries, land resource
appraisal and evaluation for economic developﬁent is essential.
Except for very few local areas, no comprehensive scientific study
of the various land resources of the country exists.  This work is
in the framework of the on-going activities of the Land UsePlanning
and Regulatory department of the Ministry of Agricutture (MOA), an
organization entrusted with this responsibility, with particular
emphasis on prediction of the agricultural potential of the entire
countrye. |

Agriculture is the major econumic ac?ivity in the country.
However, agricultural development withou£ a sjstematic evéluation
of the country's land resources such as geology, landforms, soilg,
hydrology and climate, is limited both in scope and extent, and
therefore an incompléte base for development planninge. -in order to
assist the farmers on how to best use the land, more precise soil
iﬁformation than presently exists is necessary and detailed soil
surveys represent the best means to obtain it. However, in this
study, a more general approach has been taken, one which is only a
fraction of what it should be for the most effective-agricultural

development,
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In the present study, an effort has been made ufricient
d meet o

inventory of the geology, morphology and asgociaced sollsito

L

'

the requirements of a resource survey. A soll study proper benefits
from a preliminary study of the parent materiai of the soils. The
character of the parent rocks, their mutual relations and the re-
jative times of their deposition, and the sequence of morphologic
evolution, to some extent determine the nature and present develepment
and distribution of the soils. The study areais believed to represent
the soils formed by the bulk succession of rocks and morphologic
settings of the central Ethiopian plateau. The deep river valleys
together with the major Blue Nile canyon, as it passes across the
length and width of the study area, exposes the geology of a con-

siderable portion of the Ethiupian Plateau.

The soil behavior of any one characteristics is significantly
influenced by the geological history as is shown in the subsequent .
discussion. In addition, previous #itudies on soil forming factors
such as climate, vegetation and related iand use 1s reviewed and

quoted in the text,
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Geographical Setting 5
The 'study area 1s situated, 38? .
lOOBO'N, in the central part of the Blue Nile basin in south-
eastern Gojjam administrative reglon, with a total area cover-
age of 900 square kilometers (Fige 1}, 1t encompasses the town of
Bichena, 250 kilumeters north of Addis Ababa,- An asphalted
road from Addis Ababa to Dejen, and an all-weather gravel
road from Dejen to Bahir Dar run through the area. In addition
tc these roads, there are numerous trails, most of which can
be tfaveled by four wheel drive vehicles in drf weather,
Generally, the Ethiopian highlands rise to altitudes in
excess of 2000 meters forming an extensive uplifted plateau,
bisected by the main Ethiepian and Afar rift escarpments in
the east, and by lower and less defined escarpments in the west
which decline gently to the Sudan plain. The study area general-
1y slopes to the East and Southeast towards the major river
valley of the Abbai° Tt is bounded on the northern and western
limits by a degrading shield volcano, mount Mangestu, and the
eastern and southern limifs by river valleys which open into
the Blue Nile river valley with vertical and precipitous cliffs
developed from Tertiary basalts and Mesozolc sediments.

Generally, it 1s a submature upland valley which has been

strongly influenced by water erosion.
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Climate

Tnsufficient data limit the precise determination of the
volume and intensity of rainfall, and variations in air
temperature in the study area. HNevertheless, the best approxi-
mation is here forwarded with reference to other areas having
more complete records and similar climatic patterns.

Daniel Gamechu (1977), recognized elght rainfall regimes
in.Ethiopia each with a characteristic seasonal distributions
of rainfall. Accordingly, the study area is designated as
Regime 1D, where there are séven rainy months from April to
October; and small rains at the beginning and the end of the
rainy season. The heavy rains are from May to September, with

a high concentration of rainfall in July, August and September.

The seasonality of rainfall outlined above indicates the likely

timing of the rainfall. The type of precipitation of the regime
is graphically represente& in Fig. 1. The mean annual rainfall
amount recorded for the regime is 1400-1800 mm.; and a humid
moisture region is recognized.

The volume and season of water surpluses, deficits, soil
moisture recharge and soil moisture utilization is sigriificant
in particular from groundwater, hydrology and soil conservation
points of view. A water budget calculation and climatic data
established for Debre Marguos, the closest station to the

study area, is given in Table 1.
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Table l. Climate and Water Budget Data for Debre Margos. (After Daniel Gemechu, 1977)

Average |Average

J F M A M J J A S o N v Annual per day
Debre Marqgos Tempae 15.5 iG.S 17.3 1 15.9 ) 14.2 14;4 13.2 113.2 14.1 §13.2 (13.4 {13.3 - 14.5
’ IM = +61 RF 2,34 11,76} 5.7 7.7 6.16118.44131.72§31.74522.25) 7.65] 0.7614§ L.81 138,03 -
q 10a21N PE 7.80 1 7.74] 9.48] 8.24] 7.13] 7.21 6;48 6,427 6.73 6.1?4 6,081 6,14 85,57 -
2411m Deficiency 5.46 {5.98] 3,78 ‘C.54] 0.%97} - - - - - - 0.35 17.08 -
Surplus -~ - - - - 1,23}25.24125.32)115.52} 1,53 ~ - €8.84 -

Legend: PE
Tempo

IM

- Potential evapotranspiration according to Thornwaiite formula

-~ Temperature in OC; cther data in centimeters
- Moisture index
~ Degrees & minutes North latitude

- elevation above sea level in meters



The difference between rainfall and potential evapotrans-
piration is noted for each mcenth as water surplus or deficiency,
taking into account an average soil field capacity of 10 cm.
There 1s a total water deficiency of 17.08 cm. from éhe last week
¢f December to the end of May. From the end of May to the end
of June, there is soil moisture recharge. The total water sur-
plus is 68.84 cm., with highest surplus in August, when streans
come to peak flow, There are six months of surplus water with
considerable soil moisture available for ideal plant growth.

The high water surplus reflects the high rainfall and/or Low
potential evapotranspiration. This fact together with the
existing suspended shallow water table account for the wetness

or waterlogged nature of the soils in the area,

Fig. 2. Precipitation of Regime ID (After Daniel Gamechu, 1977)

-

Legend: EZ§,Rainy months

B Relatively dry months

Ordinates of graphs are ce-~ -

¥

efficients of precipitatien.

3*L' - e e A e e Ceefficlent of rainfall define

the éry and rainy months.




Vegetation and Land Use

Extensive cultivation and deforestation have left a sparse
cover of natural vegetation of grass, shrubs, and small trees.
Generally, Savanna type vegetation associations are present.
The plant species as studied and recorded by Le Houeron (1980)

for the eastern portion of Gojjam administrative region are:

Ficus salicifolic, Euclea schimperi, Acacia etbaica, Acacia

abyssinica in the deep river valleys; Stereospermum kunthianum,

Croten macrotaéhys, Cordia abyssinica in the plateau surfacej’

and on higher surface Podocarpus gracilor and Juniperus procera

on hlgher surfaces,
The area has a humid temperate climate and supports a

variety of crops; the major ones being Eragrostis tef (teff),

Triticum spp. (wheat), Bicolor spp. barley, Hordeum vulgare

{sorghum), Gizotia abyssinica (noog}, Lathyrus sativus (sweet

peas). Lens esculenta (lentils), and Cicer aristinum (chick

peas). The vast gently sloping surface and the adjacent,

near level plain are the major agricultural sites. These are
cropped once or twice a year. Soil erosion is active in these

areas as is evident from comparisons of the present observations
with the evidence of aerial photos of 1957 Gregorian Calendar.

Teff cropping has spread over much of the low lying but not
permanently waterlogged areas. Crops requiring a well drained
friable root =zone are grown on the hlllslope. A considerable
portion is devoted to pasture, usually in places where it is too w. t

for cropping. Livestock plays an impertant part in the farm
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economy. FExcept where some shrubs and Eucalyptus nccur, the
inhabitants use dried dung and plant residue as firewood.

On the benched slepes of the river valleys some sorghum
and teff are grown, and the rest of the valley is barren
except for the presence of scattefed small trees here and there.
The edges boardering the valleys known as "Ambas" were historic-
ally chosen as places of settlement due to their strategic

positions.

Previous Work

The main expusures of the Mesozoic sequence in relation
to the succession and classification of the sediments in the
Abbal valleys and its tributaries was worked out by Blanferd
(1870), Aubry (1886}, H, Donville (1886), Putterer (1897),
Krenkel (1926), Stefanini (1933), Jepson & Athearn (1961),
Elwerath 0il Co. (i96§), Gétaneh A. (1975}, and Beauchamp
(1977). The Strétigraphic, petrographic and sedimentologic
analyses of Getaneh A. (1975) provide a basis of recognition
of five informal rock units.

Studies pertaining to the Cenozoic rocks of the plateau
including chronology, petrochemistry, petrogenesis and
nomenclature, have been done by Grasty et alay . )
(1963), Abbate et al (1968), Gass (1970}, Mohr (1972),
Zannetin et al (1974), Beauchamp and Lemoigne (1975),

Kazmin (1975) and Merla et al (1979) are the most valuable.
The aforementioned works quote various names and age limits

to these extensive rock units,
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Systematic studies bn morphology and soil associations of
the area are scarce., However, fairly general attributes from
Abul Haggag (1961), Dainelli (1970), Merla et al (1979) and
Williams (1980) offer clear insights into the morphologic
history of the region. A c¢ross country study of the soils of
Ethiopia has been done by Murphy (1959), and a subreconaissance

level study of the Blue Nile river basin was undertaken by the

,Bureau of Reclamation, US Department of the Interior (1959~

1962). The latter survey was meant to identify and classify

irrigable areas within the river basin.

Materials and Methods

A Geological and Morpho-pedcological map of the area was
made from aerial photographs having a scale of approximately
1:50,000. The photos were badly distorted as subsequent
studies of the area using topographic maps were larger than
indicated. Thus,base maps were corrected for the distortions
present in the original photos. The photo centres are shown
on the morpho-pedological map. A photogeological study of the
geology, morphology, and soils was undertaken.

In this investigation rock samples were collected from sites

most suitable to provide complete geological information. Petro-

graphic study of selected samples representing the outcropping
formational units was undertaken. The carbonate rocks &
sandstones were described using the rock clan designation =

scheme of Folk (1962) and Pettidohn (1975), respectively,
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Grain size distribution for the various dispersinn measures

of the sandstones were evaluated and interpreted according

to Folk's (1962) techniques of grain size analysis., Dis-
crimination between terms assigned to thickness of strata and
those which describe splitting properties is in accordance tc
the terminology of Mckee & Weir (1953). The igneous rock
nomenclature is based essentially un mineralogical and textural
criteria as adopted from the work of Harker, Shand & Bowen
(Carmichael, Turner, Verhuogen, 1974),

The morphological analysis is based on the separation and
definition of varlous morphologic units, and the reconstruction.
of their evolution by an appraisal of the landform type, the
degree of dissection, drainage pattern, nature of slopesg and
lithology. A soil survey was conducted at a detailed recon-
aissance level (Boil 8urvey Staff, 1967). VTraverses were made
at spacings of less fhan 2 kilometers. Soils were sampled with
the aid of an auger and tilling spade. Socil profiles upder
uncultivated conditions were described and sampled by the
standard procedures of the Food and Agriculture Organization
of the United Nations (FAO, 1977). The soil profiles were
randomly spaced in some instances 3 to 4.kilometers apart.
Locations were chosen on the basis of observed changes in
either of the genetic factors. Samples were collected for
each apparent horizons on a total of 34 sites. Groupings

of soils by physical appearance and inferred soil properties
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were made and modal samples were chemically analyzed at

the laboratory of Land Use Planning and Regulatory Department
of the MOA. The procedures required by soil taxénomy {S0il
Survey-Staff (1975)), a basic system of soil classification
for making and interpreting soil surveys, were followad. A

full report on the analytical methods used is given in appendix I-
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2. Geology

General Statement

The rocks forming the central Ethiopian plateau are
mainly Mesozoic sediments and Cenozoic volcanics. Moreover,
the inclusion in the study area of deep river valleys, a
tributary of the Abbai river, where part cf the Mesozoic

sedimentary section crop outf, allows to reconstruct the geo-

- logical history and to examine the relations between the

volcanic series and the sedimentary formations.

The Mesozoic sequences in Ethiopia are depusited by the
sea advancing inlands as a result of the activization of the
Gondwana platform which caused the develupment of a number of
sedimentation basins filled with sediments of Marine, Lagonnal
and continental facies. Kazmmin (1972) has attempted to re-
construct the palaeogeography ‘ of the areas involved
in this sedimentation which expresses two marine transgressions
and regressions of a sea in a general direction of southeast
and northeast. This left a thick succession of Mesozoic
sediments. Various early works on the sedimentary section
of the Abbai basin, lead to recognition of. different types of
lithostratigraphic units and terminology. The stratigraphic-
saquence established by Getaneh (1925),‘provides the basis

for recognition of five informal units, - o . G waeef




- 14 -

.

These are:

1.

2.

Lower sandstone unit cceeessPermo~Triassic-Liassic
Abbai Shal; & Gypsum unit...Toarcian (- Bathonian
Limestone unitecccecoccsossoBathonian - L. Kimmeridgian
Shaly sandstone unitecscsoosl. Kimmeridgian - Aptian (7?)

Upper sandstone unitscso.s.e..Aptian ~ Cenomanian

Feollowing a long period of tectonic stability, the domal

uplift of the Arabian-Ethiepian region started in the Tertiary.

Since then, this region has become the site of intense tectonics

and magmatic activity. According to Abul Haggag (1961), the

various phases of uplift in the Ethiopian plateau, which includes

the study area, took place between Cretaceous and Upper Eocene.

This seems to have caused the erosional levelling of the Meso-

zolc sediments and the onset of volcanism. The stratigraphic

series and subdivisions of the Ethiopian plateau volcanics

has been set by Kazmin (1972) as follows: .

1.

2.

Ashangl group Plaeocene-0ligocene—~
(consists of Alkali Miocene
Olivine basalt & tuff

that erupted from fissures)

Shield group Mivcene
(consist mainly of Alkali
basalts erupted from

central vents)
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3. Basaltic flows and related Pleistocene-Recent
spatter cones
{consist of younger volcanics
of an Alkaline Olivine

basalts)

Stratigraphic Outline of Bichena area:

The stratigraphic succession of the area includes a thick
succession of Mesozolc sedimentary rocks followed by Cenozoic
volcanics. Following is a genepalized sequence:

1. Porphyritic feldspar basalt Pleistocéne to Present

Unit ' ]
2. Plagioclase-Olivine basalt Unit  Miocene
3. Aphanitic basalt nit Palaeoéene? to Oligocoin..?

to Miocene?

4., Upper Sandstone Unit Aptian-Cenomanian
5, Shaly Sandstone Unit Lower Kiﬁmeridgian—hptian
6, Limestone Unit Bathonién-L,Kimmeridgian

The stratigraphic sequence of a composite section, measurad
and described at sites conveniently available for complete geo-
logical information is shown in Fig. 3,
2.2 Lithology
2.2.1 Mesozolc rocks
A columnar section of the Mesozoic formations for
what concerns 1ithology, structure and faunal distribut-

ion is summarized in Fig. 4.
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Limestone unit
This lithostratigraphic unit represents the
oldest rock unit with an approximate exposed
thickness of 330 meters in the Suha river valley.
The type sectiun comprises of four Micrcfacies
of carbonate rocks, from the bottom:
ia A yellow to white, fine crystalline
limestone with alternating thin beds
of grey to darkgrey calcareous shale
and mudstone,

ii. A cliff forming yellowish brown, fossili-~
ferous limestone with intercalations of
clayey limestone and a few beds of
Qolitic limestone.

iidi. h white grey to a yellowish brown, limonite
stained, microcrystalline limestone inter-
bedded with yellow mudstone and clayey
limestone.

ive A fossiliferous limestone (coquina) with
yellowish brown clayey limestone inter-
beds,

The distinét features of the unit is its
blanket shape and horizontal bedsets., The thick-
ness of the beds ig variable, ranging from 2

meters upto 5 meters in the microcrystalline




4 COLUMNAR

F THE STUDIED SEDIMENTARY SEQUENCE OF SULHA AiVER VALLEY WiTH SU

AT OF T

FAUNAL DISTRIBUTION

Ve 1 ..

E CORRESROMDING LITAOLOEY, STRUSITHART AND

Lithclogy —~ Patrogrophic description

Structurs

Fossii

o=

Bathonian —~ L owaer

. Coarsegrained Sandstone ( Quortzarenite} Massive i
m £ Shelty limestone;{ Sosparudite) ; - 4. s Gasiropod | rurrehid ) Pele. awu ods  GRG
2}e Crystoting LST, fossil beoring miceide Horizontgl, thick bedded other fossils .
558 Fina groined SST with shale interbads {sub- arkose) Horizontal, thick beddad, lamiwstod: R
. 2 Frogmenis of Brachiopods, [ Rhynchionsliidas, Ter ol
Shelly Limestone {Coquina); { Biosgeruaimk Horizontgi, .thick bedded bratutidae ), Pelecypods | raaaw:fgi -
o . ant other fossi! cests. . p
=
o Microcrystafiing LS T with shale and celcorecus shale . - .
- - Horizonte], thick bedded , Algos, Bryozoa,shell and other fosszil frogovands
- interbeds and few bada of Oolitic LST; {Bicmicrita, grooved " solution planes i :
- Fossil bearing Micrite , Oosparudite) and Stylolites
o
=
&
p4

Fossiliferous LST with Mari ond Colitic LST

intercalations  { Interaciast becring Siosparite
and Blopelsparite )

Horizoatal , thick bedded

Richin Foraminifers~ . ( Miiliolidae ,Textularidae,
Vaivulinidoe , and Opthoimidildae )

Clayey and iMicrocrysiailie Limestons with
alternating thin beds of light grey shale ond
mudstons; { Biomicrite ond Dismicrits}

Horizontel, thick bedded

Fregments of Ostracod

T 1



CTakle

2. Zetrographic

-

t+hese are from the bottom:

1% -

rmeracteriztics of the Carbomate Lithofacies of the

[SERREN
SRS

Allochen Grains (%)

‘Orthochemical Constitutent

|

Terrigenous Material (%

Sample Oolites & .zwnhonhkmﬁmwwwvm Sparry Rock Clan
No. Intraclast | Fossils | Pellets | Calcite Ooze Calcite | uartz | ‘Feldspars
-1 5 85 . 10 ,Biemicrite
-2 ] 92 5 3 Dismicrite
‘-3 15 30 5 15 35 Biosparite
7-4 7 35 10 1o 35 2 1 Intraclast bearir
Bizsparite
T-5 10 15 30 5" 40 Biopelsparite
. ‘ Fossiliferous
T—6 20 25 10 . :lo 35 Intrasparudite
T-7 15 55 17 2 Biomicrite .
78 7 5 50 15 | 20 > 1 Oosparudite
.Hlu s 35 5 : 50 .Hﬁﬁhmnwmmw bearis
_ Biosparudite
710 5 25 10 60 Biosparudite
711 15 80 20 4 1 Biomicrudite
T-12 5 35 10 50 Biesparudite
T-13 5 io 80 10 {rossil bearning
T-14 15 80 5 Biomicrudite




- 20 =

iimestone, and often crudely defined by layers
rich in fossilé. The nonfossiliferous carbonate
faclies display @ grooved eolution planes and less
frequent stylolite structure.

Th micro-section study of the unit is out-

v}

lined in Table 23 and i1s set from bottom to the
topmoste

This unit has yielded & rich fauna consisting
of both larger and microfossils.

The identified megafossils mostly belong to

Brachlopods, pelecypods and Gastropods. Most common

genera are, Rhynchonellia, Terebratula, Ostrea,

purritella, Natica ete., Large number of mic;ofossils

can be seen in the thin sections. They are foramini-
fera, corals, Ostracodes, and algae, in order of
abundance. Other organic debris is also presento

It is possible to identify some foraminifera,

samples T-3 and 7.5, and this consist of Mildolids,
Textularids, Valvulinids and Ophthalmidiids° The
genera identified include: Pyrdo, Textularia,

valvulina and Kurnubia palistiniensiqo

An attempt is nade to interpret the environ-
ment of deposition of the different facies con-
stituting the unit.

The lower section is characterized by the

prominence of micritic
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the microfacies observations and Irwin's (1965)
generalized model of the carbonate shelf sediment-
ation may be used for close approximations of

the depositional conditions.

Raegarding the age of the unit signific-—
ant number of palascntological research has been
done which provides an age range of Bathonian
to Lower Kimmeridgian. Moreover, in the present

study, the presence of Kurnubia palastiniensis

in the basal portion of the unit presumably

indicates late Bathonian and Callovian ages

Shaly Sandstone Unit

The unit constitutes alternating lithofacies
of sandsténe, mudstone, shale and limestone, with
apparént average thickness of 30 meters., This
lithofacies succession has been established as
the shaly sandstone informal rock unit of the
Abbal sedimentary sequence by previous worke.

The lower boundary of this unit and the
underlying Limestone unit is marked by the con-
formable sandstone beds. The bas?l section con-
sists of a few bedsets of sandstone lithofacies
wlth mudstone and shale ipterbeds. The sand-
stone is dusky yellow to light gray coloured,
clayey and not strongly cemented., It is horigont-

ally bedded with well developed horizontal
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laminations; and hasla tabular external con-
figuration. The mudsténe and shale are light
grey coloured, very fine grained, friable,
and are not so well exposed as are the more

resistant sandstone lithofacies.

.»-Petrographic characteristic of the

sandstone follow::

Roundness: sub-angular ~ sub-rounded
Textural maturity: Mature

Mineralogical composition: Mono-
crystalline quartz-80%, Feldspars
(Orthoclase, Microcline and Plagio-
clase) ~ 10%, Iron oxides (Haematite
and Limonite) and clay winerals
- 5%, Hornblende, Muscovite - 3%,
Opaque minerals (Zircon etc.) - 1%,

Rock fragment -~ 1%.
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The detrital grains are closely packed with
a clay and subordinate ferruginous cement,
sutured contacts and a slight elongation parallel
to the horizontal laminations. Acceordingly, the
rock is designated in the sub-arkose class.

The grain size distribution has been examinod
for various dispersion measures and these demon-
strate that the rock is very fine grained, normal
or near symmetrically skewed, moderately well
sorted and leptokurtic in textural pattern.

The sandstone lithofaciesg passes upward into
a carbonate lithofacies. It 1s dark grey coloured,
horizontally bedded shelly limestone. The identi-
fied fauna are mainly B;achiopods and pPelecypods.
Petrographic study of samples T-13 & T-14 are
outlined in Table 2, show Biomicrudite and fossil-
bearing micrite microfacies,

The interpretation of the environment of

deposition of the sandstone has been attempted on

the basis of textural characteristics and sediment-

ary structures. The textural pattern of this
sediments is compared with the works of Friedman
(1961, 1967) where distinction between dune,
beach and river sand has.been made from the text.-

ural characteristics, Accordingly,
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a river sand deposition of nearshore environ7
ment is inferred. The laminar structures
seem to be the result of differing rates of
supply of the sediments by floods. The
occurrence of muscovite and a green variety
of hornblende in the detrital mineral suite are
characteristic of a nearby, high grade metamorphic
source rock (Pettidohn, 1975). The conformable
limestone could only occur if it were an epi-
continental depositional environment, where a
high input of terrigenous sediments can be main-~-
tained, while the rise of sea level results in
carbonate deposition.

The unit is devold of index fossils, there-~
fore, the age can be inferred based on its strati-
graphic relationship with the lower bounding

limestone unit.

Upper Sandstone Unit

The shaly sandstone unit is often seen direct-

ly overlain by a nearly horizontal basalts, but
at intervals an overlying cliff forming sandstone

is intercalated. This rock has been represented
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as an informal unit in previous works pertain-~
ing to the lithostratigraphy of the Abbail
sedimentary sequence. The apparent thickness
ranges from 3 meters to 15 meters and tends

to pinch out under the basalts. Therefore,

it seems as a left over from a differential
erosion,

The unit displays a massive external morpho-
logy and the rock is slightly consolidated. It
has a dark red to yellowish brown colour, but
the color appears the result of surfacial
weathering of a white-grey coloured sandstone.

The Micro-section study shows:

Roundness: Angular -~ sub-angular
Textural Maturity: Sub-marine

Mineralogical composition: Corroded
monocrystalline, Quartz - 90%,

Feldspars (Orthoclase,.Microcline and
Plagioclase - 3%, Haematite, Limonite and
clay minerals - 5%, Opaque minerals - 1%,

Rock fragment - 1%.
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The overall microsection show that corroded
quartz grains are the dominant detrital minerals
scattered in a ferruginous and clay cement. The
red coatings on the detrital minerals may point
toward iron oxide cementation from surface water
running downslope that also caused the discolour-
ation of the original sandstone. Accordingly,
the designated class of the rock is Quartz-
arenite,

Grainsize analysis reveal that the rock is
coarse grained, poorly sorted, fine skewed and
mesokurtic type in textural pattern. Studies
with regard to the textural characteristics in
relation to the work of Friedman (1961, 1967)

suggest a river sediment depositional environment,

2.2.2 Cenozolc Rocks
2.2.2.1 Aphanitic basalt (Blue Nile basalts)

Most of the Ethiopian plateau volcanics
have been referred to as Traps, & general
term coined to indicate fine grained i#y&rdé'
volcanics representing the first volcanic
activity on the pre-Tertiary surface. The
present nomenclature of this formationél
unit, Blue Nile Basalts, is. quuted from

upgraded classification of the Cenozoicg
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volcanic succession by Abbate et al (1979).
The need for establishing a new volcanic unit
is explained by the age record being elder
than that of other plateau Trap volcanics,
and the thick and evident flews which can

be traced all aleng the western side of the
Blue Nile canyon as shown by Dainelli's
(1970) photogeolegical nap.

Extensive outcreps of this unit uncon-
formably overlie the shaly sandstone unit
proper and in part the remnant of the upper
sandstone unit forming the main lava plateau
surface. The setting is nearly horizental
over the sediments which is indicative of
their eruption over a subaerially eroded
surface, The stratigraphic break is apparent
in the yellowish brown coloured horizon which
has been caused by deep weathering induced by
the then prevailing climate. Other evidence
could also be the presence of the fossilifereus
limestone forming the tepmost facies of the
shaly sandstone unit with the characteristic
release of silicified shells and casts, accord-
ing to the report of Sanders & Friedman (1978) sen

interpretations of stratigraphic breaks. This suggests
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Plate 1.

pPlate 2. Disconformity of the Blue Nile basalts resting on
the Mesozoic sediments.
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considerable interval of time prior: to the
eruption of the luwermost basalt lava.

The unit consists of twelve (12) disting-
uishable basalt flows and is broken by at
least three recognized horizons of tuff,
agglomerates and volcanoclastic sediment intoer-
beds., The thickness of individual flows cannot
be given for it varies from one part to an-
other. However, an overall approximation of
the thickness of the unit as a whole can be
given in the range of 400 to 450 meters. The
precise upper and lower age limit is difficult
to fix within close limits on the basis of
the available radiometric, palaeontological
and stratigraphic evidence. The validity
of the radiometric age determined for the
unit is questioned, for a total of thirteen
datings have given a range from 69 m.y. to
23 m.y.B.P. by Grasty et al (1963), Megrue
et al (1972), McDougall et al (1975) &

Jones (1976). Beauchamp & Lemolgne (1975)
suggested an upper Sancnian te Eocene age
from studies of palaeofloral datings of
vegetal fossils in the Blue Nile basalt
pyroclést interbeds at PFiche and Debra

Libanos. Vegetal fossils of silicified tree
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trunks at the interface-of the basalts and
pyroclast beds has been observed in the study
area, which Insight correlation to the age
determined by Beauchamp & Lemoigne. Though
inconclusive, the works of Abbate et al (1979)
on original radiometric data and a re-examin-
ation of the numerous published age determin-
ation may allow a lower age limit of 40
million years, B.P., Lower Oligocene age.
There are no mappable lines of separatiun
between the superimposed individual flows of
the unit owlng to the textural and composit-
ional homogeneity. The pyroclast interbeds
cannot be reppesented on the geclogical map
with the scale provided. -

;ﬁ The basalts have a typical dark brown
to black colour, compact, fine grained and
often show distinct hexagonal columnar joint-
ing. The overall microscopic character is an
aphanitic texture.which may jindicate a single
period of rapld chilling and crystalllzation
of the individual flows. A slight vertical
variation is noted with an increase in modal
abundance. of pyroxenes.

The pyroclast horizons include fragments

of volcanic origin: agglomerates, coarse and
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fine tuff. Petrographic studies reveal that
the agglomerates have a basaltic mineralogy,
plagioclase and pyroxenes with some dis-
seminated glassy material. These bads
are characterized by the presence of secondary
minerals such as vesicle infillings of chlorite
and secondary silica inclusions. These are
the frequent alteration products of basaltic
agglomerates and tﬁffs (Pettijohn, 1975)., The
foot of the cliff forming basalts is covered
by secondary or reworked pyroclastic sediments.
Four micro-sections are studied, BT-13,
BT-14, BT-15 and BT-12 and results are cut-

lined in Table 6.

Plagioclase OlivineﬁBasalts

This unit covers the western and central
part of the area and extends to the summit
of the (Plate 3) Mount Mangestu central type
volcano, The central volcanoes have been
defined by Mohr (1967) as the shield groupe.
In the updated subdivision of Zannetin et al
(1973) it is classified as the Termaber
Basalts, after the Termaber pass near Bebra

Sina. Abbate et al {1979) reported that the
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Plate 3. Series of lava flows with distinct break in slope,
radiating from the summite of Mount Mangestu Volcano.
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Mangestu volcano is the largest and best
preserved central velcano in Ethiepia with
an approximate diameter of 100 kmso

The presence of the thick zene of deeply
weathered rock debris and often patchy far
erosion will have removed much ef the material
on top of the Blue Nile basalts, may mark a sur-
face of unconformity between the underlying
basalt succession and the Termaber basalt
series (Plate 4), This may céincide with the
unconformities within the 'Trap Series!' re-
ported ﬁy Jepson and Athearn (1960) and Mehr
(1966) recognized in western Gojjam and upper
Abbai basin respectively.

There are ne avallable radiometric age
determined for the particular Mount Mangestu
rock ser:_iesn However,.inferences can be made
to the absolute age determination carried
out by Zannetin et al (1974) en various
Termaber basalts and these range in age
from 26 m.y. te 13 m.y. B.P., early te late

Miccene age.
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Porphyritic Feldspar Basalt

These volcanics are abundant on the south-
ern flank of the Mangestu volcano. They are
porphyritic plagioclase feldspar basalts that
merge into a zeolitised, amygdaloidal basalts.
The eruption seems to have originated from
fissures and aligned centres with a general
orientation of NW. The rocks are correlated
with volcanic rocks forming the axial ranges
of the Ethiopian rift, and within the Afar
depression, both in mineralogical composition
and age (Kazmin, 1975)% Abbate et al (1979)
correlates this unit to the Lake Tana lava
fields characterized and inferred on tﬁe
basis of the good state of preservation of

the volcanic cones, the freshness of the lava,

.and their superposition above Termaber basalts.

Chemical analyses (Cummuci, 1950) of the Lake
Tana basalts which are supposed to he of the
same mineralogical composition and texture
as the porphyritic feldspar basalt show a
transition to alkaline character.

The micro—seétions examined show euhedral
plagloclase feldspars, and pyroxene phenocrysts.
The feldspars have a polysynthetic albite twinn-

ing and slight zoning. Megascopically, zeolite
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Table 3. Petrographic Characteristics of the Bichena Area Volcanic Rocks
Sample No., &
Location Texture Phenocrysts Groundmass — Rock Type
BT-12 Porphyritic with Plagicclase Plagiocclase, Basaltic aggle-
From a terrace phenocrysts of Pyroxenes rare volcanic merate
in the Suha plagioclase in glass, Fe-Ti Oxides
river valley groundmass consist-
ing of fine grained
plagioclase and
pyroxenes & some
v glassy matrix
w BT-13 Subaphyric Labradorite plag. Aphanitic¢ basalt
m Lower c¢liff form- Microcrystalline ﬁbsvmﬁi coleured &
i ing basalts, augitic Cpx, & Fe-Ti
m Suha river wvalley oxides
Alteration of pyroxenss to
chlorite, sassuritization
of plagioclase ==
. BT-14 Aphyric Plagioclase microlites, Augitic| Aphanitic basalt
: Middle section of Microcrystalline Cpx, volcanic glass with some
M the cliff forming m altered to palagonite, and Fe-
: basalts Ti oxides
M BT-15 Subaphyric, sub- Microphenccrysts Labradorite plag., Aphanitic basalt

.. Topmost sectien

. ¢f the basalt

-+ cliff

trachytic

Microcrystalline

of Olivine

Augitic Cpx, and

Olivine Fe-Ti oxides




Table 3 OOHH.W-Q.oonooo.we

Sample Noi &

Location

Texture

Phenocrysts

Groundmass

Rock Type

BT-16
Pediment near

Yetmen

Glomeroporphyritic

Microcrystalline

Clusters of idding-

sitized serpentini-

Plagioclase microlites

hugitie Cpx, Olivine and

Plagioclase Clivine

basalt

zed Olivine forming miner Fe~-Ti oxides
- microphenocrysts,
Plagicclase mwmawwmn
.II laths: sassuritized
BT~17 5iightly porphyritic, Labradoritic plagio- | Plagioclase microlites, Porphyritic felds-—

©, At the base of
a volcanic centre

‘near Bichena town

Vesicular-with
fregquent infillings of
Zeolites, microcrystaill

ine groundmass

clase hbﬂmmv

f

augitic Cpx, and Fe-Ti

oxides

par basalt

- 37-18

West of Bichena

Porphyritic, Subdeleri-
tic, Amygcdaloeidal,

Large labradorite

plagioclase laths

Plagicclase microlite,

Augitic Cps, Cpx, and

Porphyritic feldspar
asalt

wwﬁosw Microcrystalline Absmovq.wﬁmpﬁwn abundant Fe-Ti oxides,
groundmass CPx, Olivine pyroxenes alter to
@thWm,,nSMOHHﬁm chlorite
as alteration product
of pPYroxenss
BT-19 Porphyritic, Sub- Large Labradorite Plagioclase micrclites, Porphyritic mmwmm@mh

Bichena town

doleritic, Micro-

crystalline groundmass |

plagioclase,

Augitic Cpx, and Fe~Ti

oxides

basalt

Note:

Crthopyroxene
Clinopyrecxene
Ancrthite

Iron-Titanium
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amygdales are recognized with an average

long axis dimension of 4 mm. Tiny grains

of clinopyroxenes are sometimes found included
in the plagioclase laths indicating either

a contemporancous crystallization or a later

cooling phase of a trapped liquid in the plagio-

clase framework. But, most pyrosenes have
the tendency of an interstitial habit which
evidence simultaneous crystalllzation. A
Petrog?aphic summary of three micro-section

is given in Table 3,

Petrogenesis

The evolution of the Ethiopian plateau volcanics in relation
to their Cainozoic tectonic environment has been discussed by
Mohr (1963}, Gouin (1963}, Harris (1969), Zannetin et al (1974,
1976), LeBas (1979), Merla et al (1979), and Balley (1979),
The interpretations are stlll inconclusive and so a great deal
remains yet to be done. The volcanic activity can be categorized
in two major episodes. The Blue Nile basalt emplacement and the
central type volcano eruption. All of the aforementioned workers
related the episodes to the domal uplift 6f the Arabian-Ethiopian
region,

The Blue Nile basalts are successions of nearly horizontal
flows and each flow is represented by tens of meters thickness

and over 40 kilometers observed lateral extent. Harris (1969)
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and Gass (1970) formulated a "Thermal expansion' model in
which a clear insight to both the Afro~Arabian dome and the
java issuance can be obtained. The contempranelty of these
events is explained as: the rising of Lithothermal plumes or
penetrative convection through the upper mantle would cause
partial melting in the upper mantle, and thereby making basaltic
magma available; and an increase in volume manifested by vertical
uplift., The field occurrences of the basalts and the possible
explanation of the genesis leads one to conclude that these
lavas have issued from the tensional system of fractures.
Bailey (1979) states that the fissural eruption is important
to the hypothesis that a partial melting of the upper mantle
and deep crusf account for fioods of magma of constant composite
ion over a large region. That is, no differentiation ef the
products of a central volcano which could possibly be ascribed
tu differentiation in a local, subjacent magma chamber. Hence,
the Oligocene~Miocene boundary and an early Plivcene phases of
uplift pastulated by Abul Haggag (1961) seems to be concumitant
with these volcanism. Chemical analyses done by Zanetin et al
(1976} decidedly mark an alkaline character. The presence of a
purplish brown coloured and pleochroic clinopyroxene, i.e.
Titanaugite, in samples BT-14 and BT-15, also suggests an alka-
line nature of the basaltic magma (Baliley, 1979).

The bullding of the large central type volcanves and
smaller volcanic centres 1s related to the main phase of

uplift and rifting. and the later phases of uplift during and
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since Miocene., The above stated model attributes to the generat-
ion of magmas of the individual central volcanoes to part of

a cycle of a regional melting where specialized products are
emitted, representing local hotspots superimposed on a regional
thermal pattern. The amygdales of the smaller volcanic centres

demonstrate that the\magma was relatively enriched in ‘volatiles.



- 41 =

3. “Gebmorphoiogy

General Statement

The study of landscape development is based on a complete
knowledge of surface processes and forms. The evolution
concerns the change of slope with time. However, no comprehensive
daté exist for the processes and forms of the past, The diverse
environmental conditions and their variation through time limit
the complete.understanding of morphological evolution,

Rejuvenation of drainage through tectonic uplift during the
late .Oligocene to Hiocene aﬁ& the Plio—Pleistoéene caused severe
dissection in upland Ethiopia and the formatioﬁ of very deep
gorges. The Central Ethiopian plateau as a Qhoie slopeé general-
ly to the west, It consists of highly dissected rolling ridges,
flat grassland meadows, and meandering streams leading to rapids
of various magnitudes on the vertical sides of canyons°

The geological study discussed in the preceeding éhapter
and il;ustxated in Fig. 15 is essential in the attemﬁt to re-
construet the morphologica; evdlution of the ‘area and the‘relations
between different morphplogic pmits° On the basis of mobphologic
analfsis, the area is divided into severalrmoréhélogic units (Fig. 16)
Description of the individual morphological unit is given below!

(i) Deep Canyon

The unit is a denudational landform of deeply
incised valleys with steep énd rocky slopes. This

dissected plateau has valley bottoms of mean altitude
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of about 1400 meters and a surface elevation of about
2400 meters. The major river valleys ére oriented
along a NNW-SSE line.
The baéal section of the limestone unit is often
reduced ﬁo the lowest valley surfaces, a result of lime-
stone's soft nature. The upper part of the limestone unit,
the shaly sandstone unit, and the Blue Nile basalts
usually form high standing cliffs, where gravity plays
a very important role in all the surface processes.
The pyroclastic beds of the basalt succession form series
of structural benches owing to their alternation with

the resistant basalts; Plate 4. Slope recession in the
lavas is gbverned by erosion of the underlying relatively
less resistant sedimentary rocks, which result in rock-
falls and slides in the lavas with their columnar
structures. The slides form distinct scars in the upﬁer
part of the lava plateau and have contributed to the
broadening of the tributary river valleys as these
open to the main river. |

Structural Plateau Surface

This is a broad stretch of almost level land under-
lain by a succession of fissural lavas. The unit boarders

the deep canyon with sharp edges. It is of low relief,

" apparently determined by the horizontal attitude of

the underlying flows. Drainage is scarce except for

major meandering streams. The water courses have



Pldte 4; Structural £erraces of the deep canyon. Note that
the river valley broadens with landslides.

Plate 5. A convexo-concave slope development of an inter-
fluve, remnant hill,
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completed the phase of rapiﬁ downcutting and have smooth
even gradients. The slope appears little affected by
surface processes such as wash and mass movement, and there
are no indications for the varied features of an alluvium.
The slope is covered by deep soii, underlain:by patches of
deeply weathered basalts, ”The weathered prefile, possibly
represents a residual depeosit, Hence, locally base levelled
strictural surface may be assumed, where the base level of
erosion coincided with merely structural plains preduced by
stripping part of the horizontally set basalts.
Convexo-Concave Slope

This is a lava field on the southern flanks of Mount
Mangestu. The unit is comprised of the Mount Mangestu
volcanic series, the components of which are; an upper
convex slope, a free face, structural terraces or
benched hillsides, and a pediment that developed in
homogeneous rock. The main morphodynamic process is
surface wash,

» The summite areas are flat with gentle per#gheral
slopes, and less frequently, steep peripheral s_ll:pesb
A convex slope forms the hilltop together with a talus
slope which often obliterates the free face. It is
moderately dissected with interfluvial ridges and
remanant hills. The free face is very thin when
bresent, indicating a late stage of landscape develop~
ment where active stream erosion has ceased. The
pediment forms a basal concavity that extends to
the flat plateau surface. It is a gently to steeply

inclined erosion surface with an average slope angle
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of 5° - 18" that grades toa local erosional datum of
the main plateau lava plain. The surface is moderately

gullied and incision of channel bottoms is absent,

(iv} Composite Ridges
This morphologic unit is chiefly characterized by
cone shaped hills with rounded tops and nearly vertical
side slopes. It is built of interfingering volcanic
centres and consequent composite ridges elongated in
a NW direction. The lava issued from these centres
forms the convex slopé together with the underlying

lava flows,

3.2 Morphologic Evolution
3.2.1 Pre "Trappean" Erosion Surface

The horizontally set Mesozoic sediments are overlain
by the Blue Nile basalts. The sediment surface appearé
as a structural surface except for the poorly defined
remnants of the upper sandstone unit, representing an
eroslonal phase that left outliers that existed before
the lavas were emplaced. The maximum known thickness
of the upper sandstone unit in the Abbay basin is 94
meters {(Getaneh, 1975) and no Mesozoic sediments younger
than this unit are known in the basin. This fact could
be a point of inference td recenstruct the entity of

the degraded topographic elevation and the magnitude
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of erosion. This erosional surface has been considered as
a peneplane in early works of Abbul Haggag (1961), Mohr
f1972) and Merla (1979). However, in the original
Davisian scheme of the cycle of erosion, a peneplane is
defined as a nearly flat or broadly undulating surface,
the ultimate stage of old age with an orderly sequence

of landscape development of youth and maturity stages.

In the case examined, the marine sedimentation left a
structural surface without strong relief which does not
allow for the occurrence of the early stages of thg cycle
of erosion,

The upper sandstone which ended the sedimentation
cycle is almost everywhere still preserved., It seems
that the land surface remained generally low for a long
time after the sea had receded as has been postulated
by Abhul Haggag (1961)., Had the land undergoene a
considerable uplift at the time, it would have had a
record on a much larger scale which would have affected
significantly the geological sections so far observed,
The lower age limit of the erosional phase could be
Cenomanian, the age of the youngest sediment deposition
of the upper sandstone unit. According to the five well
defined erosion surfaces recognized in Southern Africa
by King (1962), this erosion surface corresponds to the
main YAfrican" erosion surface,; vwhere erosion began at

upper Cretaceous/early Tertiary subsequent to a relatively
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small degree of uplift. King's phase of uplift could
correspond to the uplift which accounts for the emergence
of the landmass from the Mesozoic sea.

Truncation of strata is essential before an erosion
surface can be considered a peneplain. The scheme of
development of the erosional surface is referred to as
pediplanation by King and peneplanation by Merla et al
(1979). The records of the truncated strata suggest
that the development of the landscape have been changed
before peneplanation could proceed uninterupted to a
normal conclusion. Hence, for the attricute of the scheme
of development could not be met, the writer hesitates to
call it a peneplain and instead it is surface restricted

to a sub-aerialy eroded structural surface.

Base Levelled Structural Surface

The second major morphologic episode is related to the
extrusion of the fissgral basalt succession. The petrogenetic
features and age of the unit is discussed in the preceeding
chapter (pp. 27). The lava sheet has adjusted to the
prior surface with distinct horizontal contact (Plates 1 & 2),
in which there are no indications. of deep channels filled
by the lava flows. The successive individual flows are
often marked by strong weathering products and fairly
evident paleosol, that suggest a significant time
interval in between the individual flows. The absence of
a deep dissection type denudation with "aggradation" of
numerous lava sheets invokes a challenge in reconstructing
the morphologic event. Indeed; the accumulation of lava

piles must have raised the topographical surface, and
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supposedly involve léwering of the base level &r strohng”
downcutting along a river drainage network, i.e. assuming
stability of the earth's surface the landmass will eventually
be reduced to base level,

These observations lead to two podssible explanations.s
Either no base level lowering is necessitated nr-particular
palaeoclimatic conditions prevented the occurence of stream
downcutting.

Case 1: Although there was a topnggéphic rise even
with the known lava "aggradation", i.e. Topographic rise of
450 meters thickness of the lava sheets, there is no evidence
of base level variation. This could be attributed teo a®
compensation by subsidence of the landmass in relatioen Fo the
structural eveolution of the rift systems which d; n$£ require
base—levgl lowering. The rifting episode began just after the
emplacement of the Blue Nile basalts; and is evidenced by the
overlap of thertentative age range given for the upper age
limit »f the lavas and the onset of the rift systems as earlyr‘
Miocene. Though not proven, the rifting episode with sgb—
sidence of the adjacent landmass, could be responsible-fdr the
rise in base level to cempensate for the disequilibrium
condition, where the base level was restricted to the topmost
surface of the lavas,

Case 2: The alternate explanation is that at the time,
there were climatic conditions favouring the occurence
of local base level. These may be fulfilled under a rainforest

or arid climatic_environment° Thexre is no evidence of the
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latter, i.e. no eolinites. On the contrary, weathering
features noted by the chemical alteration of basalts,
together with the frequent vegetal frssils, such as

the silicifled tree trunks recognized in the field
survey and reports of Beauchamp & Lemoigne (1975) at
the interface of the succeeding lavas of the Central
Ethiopian Plateau, suggest a rainforest palaeoclimate,
The palaeoclimate, aided by the horizontal setting of
the lavas forming the topographic surface, may have
reduced the possibiliﬁy of channel development and
consequent linear erosion, therefore, provide a competing
point of view for the absence of deep dissection.

The end of the fissural eruption is marked by a
subaerial, deeply weathered structural surface indicat-
ing a considerable time lapse prior to the central type
volcanic episode. However, the origin of this presently
observed surface regarding the absence of alluzium
lead to a case where a controversial scheme of
evolution should be considered. This surface may be
correlated to the erosional phase during and since Miocene
subsequent to the middle Tertiary uplift, known as "coastal
plain surface! or "Victoria Falls surface" of King (1962),
Origin of the Convexo-Concave Slopes

This event marks the development of a convexo concave
slope profiieb Field observations show that the inter-
fluvial ridges are basalt prementories that radiate Ffrom
the summite of Mount Mangestu, a central type volcano.

The surfaces are gently rising smooth slopes of repeated
outpeurings of lava., This fact, however, doces .

not éecure the continuity of
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the flows issued from the volcano to cover the entire
studied area. The surfaces of the ridges observed can
of course be labelled as a structural surface for they
represent the surface of a flow. Neyertheléss, the
evolution of the scarp, tﬁe nearly level, depression and
the profile with a gentle inclination imposes three
pussible approaches.

1. Fault scarps: There are no traces of fault
plape, no relative displacement of adjacent rock
masses is recognized and the assumption is
subject to rejection.

2o Scarps as flow boundaries: The ridges have a
break in slope or are benched and so indicate that
the lava Y“aggradation" is of more éhan one flow
(Plate 6 ). Had the flat and gently inclinéd
surface been a pre-existing structural surface,
the serles of flows would have assumed their
path to lower surfaces with steep grédient,
i.e. the law of fluid movement. However, these
features are not observed, hence, the.scarps
are not flow boundaries,

3. The above rejected assumpﬁions lead us to a
conclusion that the products of Mount Mengestu
volcano resting on a base-levelled structural

surface represent an erosional slope profile,




Plate
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A piedmont benchland; more than one flow radiate as a
promentory from the central type volcano.
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Hence, the newly emergent volcanic piles provided
an initial slope for consequent stream downcut to. the
required base level (Fig. 5 & 6)., The drainage pattern of
streams upon the volcano is of necessity radial in pattern.
The schematic representation of the slope develépment (Fige 6),
demonstrate ¢ross-sections along the basalt portion of the
volcanic landform, As the excavated valley reached the base
level parallel retreat of the scarp and lateral planation
exposed the pre-weathered profile of the base levelled
structural surface., The basail erosion of the preweathered
surface or residual deposit is maintained by transport mechanisms
operating at a low gradient such as soll creep and sheet wash,
As soonras the regolitﬁ on the planation surface attains an angle
of stability, lateral pPlanation ceases. These observations are
the basis for deriving the presently recognized structural plateau
surface, The lateral planatioﬁ could be ascribed to a scheme
of morphogenesis owning to contrasted resistance to erosion
between the underlying weathered profile and the relatively
fresh cap rock, The slope retreat produce strongly scarped
faces on resistant rocks above. Such structures do not
involve any departure from the general principlesof slope
development, The writer does not wish to create the impression
that all plateau surfaces marginal to high mountain areas are
entirely planation surfaces determined by the attitude of the
underlying rocks, But, consequent to the nonerodibility of the

less resistant material or differential Yowering of topographic
surfaces on weak and hard rock, gives way to the develepment of a
hillslope morpholegy,

The development could be correlated to the preconceived views
of the hillslope cycle of King (1962), King's landscape cycle
invelves the formation of erosion surfaces by a process termed as
Pediplanation which,
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incorporates a scarp retredt and the_pkoduction of
extensive plains by the growth and coalescence of pedilents.
In the standard hillslope of King, féuf elements are
bresent: credt, scarp, debrls slope, and pediment. The
tentatiye age limit of the hillslope development is since
Miocene, bﬁt_it_has no full development Of the elements
due probably to the climatic enviroﬁments and la;k of
adequate reliefa
The possible explanatiof of the present day profile
could be further enlightenéd by the use of the qualitative
process response medel of Young (1972) to predict the
development. The selected model is limited due to the
fact that either two or more variables (e.g. climate,
paleoclimate etc.) are unobserved and so the matching of
the model to the observed landform remains speculative.
The assumptions on which the model is based are
as folloﬁs:
1., Unimpeded basal removal, but no basal erosion.
2. Slope retreat subject to control by remowval,
3. Removal of regolith entirely by surface
transport.
4. Rate of surface transport propertional to 8ine
of slope gradient and to regolith thickness.
5« Regolith thickness proportional to totai
regolith weathered upslope of a given point,

and inversely proportional to rate of down—

slope transport at the point.
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6. Rate cf weathering (conversion of rock to regolith)
proportional to Simeof slcpe gradient and‘inversely

proportional to regolith thickness,

The process-response model of the convexow-concave

slope evolution is shuwn in Figure 8,

The assumptions of the model suggest.a soll creep
process which is proportional tu the sine of the slope
gradient. The retreat of the whole of the rectilinear
slope begins immediately giving rise to first the convex
slope and then the concave sl¢pe profile., The model also
represents an interaction between the regolith thickness
and the slope profile with parameters of rates of - =
weathering and transport process. The regolith thickness
increases downslope gradually on the convexity and rapidly

on the concavity.

The Plio-Pleistocene Neotectonic Uplift and The Deep Canyon

The last phase of the morphologic event is the strong
downcutting of the valleys of‘the Blue Nile canyon and
its tributaries. The evolution could be the result of
the rejuvenation of the domal uplifting of the Arabo-
Ethiopian region.

Merla (1979) reported a tentative age of lower
Pleistocene as the lower limit in the development of

deep canyons of the Blue Nile and Tekazze, The
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conclusion reached is based on their young morphologic
appearance and by analogy with other canyons. Butzer's
'(Williams & Faure, 1980) detailed ahalysis of the depositional
record left by the Nile and its éributaries in upper

Egypt shows that the influx of Ethiopian sediments iﬁto Egypt
goes back to at least Middle Pleistocene times. He aiso
suggested that the Blue Nile began to flood its lower

valley very extensively during the terminal Pleistocene;

for the climate of Ethiopia had become warmer and wetter

at the time. This excavated surface also corresponds to

the End-Pliocene to recent uplifts and erosion, coined as

the "Congo' erosional surfaces of King (1962),

The lava sheets form three precipitous c¢liffs, each
cliff exposing several separate flows. The intervening
pyroclastic beds form breoad structural terraces. These
refer to a Morphogenetic threshold of slope-, retreat
owing to differences in the rate of weathering and
erosion of contrasted lithology,

Owing to the fact that it is younger than the wide-
spread formatioﬂs of Mount Mangestu volcanic products,
the river system probably began during Miocene age and

accelerated during Plio-Pleistocene times,



Pleistocens to Present uplift

Fig-9 Develogment of deep canyon following the Plio
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Regional Morphogenesis

The central Ethiopian plateau region encompasses a major
canyon and its tributaries, the sides of which are composed of
series of cliffs; and numerous brouad, gently sloping volcanoces.
In the study area, these two major morphologic elements are
recognized with tributary river valleys of the Blue Nile and the
radiating mount Mangestu volcano products (Fig. 10). Satellite
imagery mosaics at the scale of 1:2,000,000 depict & Yyoung
regional 1andsca§eo |

The overldaping basaltic lavas of mount Mangestu generally
slopes from about 4 to 10 degrees extending, into the study area,
As has been mentioned {page )y the convexo-concave morphologic
unit has developed on the flanks of this volcano, and is so
subject to the influence of this young volecanic landform. Thus,
the examined gently inclining planar landform (Pediment) could be
labelled as a piedmont-pediplain for the partial structural
control of the volcanic landform at a regional scale. The
regional setting and spatial relationships of these surface
forms may be fitted in a youth stage Morphologic elements of
King (1962) where Mount Mengestu volcano represent a\major

convex slope and the river valleyspa developing free face.




Fig.10 Regional wmor photggy

T HGESTUY

CUNT ALN 8

f “i“‘[*v-_

f—-t] i I
Suho r:e;h\ﬁ\:ﬁ‘ ;
\ T
vatlay A
s
\\1—“5\ \\
BB AL BLUE H}LE) R!\XER V’H«-L\E‘f \

\ Voo

\ \ \



. 63 -

Hydrogeology

A general groundwéter study of the area was done with water
table level and rate of spring discharge measurements° On the
bases of these measurements the influence of groundwater in the
present study is evaluated,

On the convexo-concave morpholugic unit, a shallow ground-
water table is encountered at 2 to 8 meters in 12 handdug wells,
The weathered profile of the basalts is the main aquifer. The
high volume of precipitation and the acquired permeability of
the weathered basalt account for the aéuifef recharge.

Numerous water table level measurements on the structural
plateau surface showed an average depth of 1 to 2 meters. The
water table levels are represented in the solum. This observation
?ogether with the geclogic and geomorphic history suggest the
presence of a suspended water table. According to De Wiest (1966),
buried weathered profiles are less permeable than the fresh
parent rocks and so form important horizons for perchedrwater
table. The impermeability results from compaction and cementation
of pores with secondary minerals. These impermeable zones impede
the loss of water, forming sub-horizontal barriers to water move-
ment and causing the water table to rise near the surface,

Deep percolation of rainwater into the hillslope drainage
channels direct water to the nearly level plain and together with
the perched water and direct rainfall subject some part of the

area to floods.
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The Blue Nile basalt succession has a high transmissivity
as a result of a columnar system of joints and fractures. Thus,
groundwater drains freely to points of spring discharge at the
basalt and pyroclast interface. The rate of spring discharge
was measured at three sites and an average rate of 0.4 lit/sec
was obtained. The presence of a deep groundwater aquifer can
be postﬁlated from the distribution of the springs in the
river valley in general.

An attempt to represent the groundwater table configuration

showed a general SE direction of groundwater movement.
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4. Boils

General Statement

The consideration of soils inevitably leads to the questien
of the environmental controls affecting the manner in which a
so0il develops. These soll forming factors are: parent material,
climate, age of land, living matter and topography (soll survey
staff, 1967). Jenny (1941), considered soil properties as a
function of these soll forming factors. This approach is use-
ful for it is possible to take any soll forming factor and
consider its variation against the background of the others;
thﬁs examining the effect of that particular one. Hence, in the
current treatise, the final synthesis of the associated soils
is made only on the basis of the preceeding discusslons of the
geoleogy and morphology of the area.

Soils representative pfthe area were sampled and studied
to determine the texture, structure, color, organic matter, total

nitrogen, available phosphorous, exchangeable potassium, sodium,

.caleium and magnesium, and cation exchange capacity.‘ On the

basis of the analytical results, the soils can be said to have

ﬁastly different characteristics, For all sample sites, the

least weathered materials were also examine.
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The~soils in the area show differences in physical appear-
ance, of which color difference is the most conspicuous. The
color ranges from a very dark gray or néarly black to wvarious
shades of reddish brown§ and the soils are grouped by color
as a preliminary step to treat the field and laboratory data.

A total of four soil mapping units are identified based on
inventory of the studied soil properties: these are shown on

i

the morpho-pedological map. (Fig. 16).

4.1.1 Vertisols

This soil unit occurs as the flat plateau surface.
The vegetation cover consists of short to tall grasses,
Some of these soils are under cultivation, but a sizable
area approximately 100 square kilometers; is covered wifh
grasses suited for supporting a good number of livestock.
Teff and Noog are the major crops cultivated,

The laboratory data of three representative pedons
are given in Table 4 .

On the basis of determined physical and chemical
properties, some general characteristics of these soils
can be described as follows:

l. Brownish black to dark gray to black coloured

and deep profile; and Gilgai microrelief,

2. Structural development is good with an angular

blocky elements and clay texture; when wet the
soils are blastic, sticky and structureless;

crack when dry.
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The analytical results for these soils seem to
imply that they are old soils, the end product of a
developmental sequence in thcg the B~horizons have
become argillic or clayey with shrink and swell cycles
and have eventually mixed with the A-horizon.

From the studiés carried out, the soils qualify as
Udic pellusterts subgroup of the vertisol order. (Soil

Survey Staff, 1975).

Mullisols
This s0il unit occurs in components of the hillslope
morphologic unit, the convex slope and tﬁe pediment with
basal concavity. A large portion i.e. 80 percent of more,
of these soils is intensively cultivated. Crop growth is
luxuriant. The physico~chemica1 analyses were done on

samples from eleven test pits out of which the complete

descriptions of four representative profiles is given in

Table 54

Based on the data provided, general diagnostic features

are outlined below:

1. A dark medium brown to reddish brown subsurface
colori horizon differentiation is rather indistinct
and it has a paralithic contact,

2. Cracks do not develop on drying and the soil is
easily tilled; friable; nonsticky when wet, and

possess high porosity.
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3,  The structure is granular on the surface and sub-
angular blocky in the subsufface, correlate with
the increase in clay content at depth,

4, Organic matter content is moderateiy highy contribut-
ing significantly to the high value of cation ex-
change capacity which ranges from 35,4 to 57.0
meq/100 gm., soil,

5 Slight to moderate acidity.

6, Base saturation is generally 50 percent or more

throughout the profile depth.

The distinct pedogenic processes recognized are decomp-
osition, illuviation and melanization. The temperature and
rainfall regimes have resulted in a rapid and fairly complecte
alteration of the highly weatherable primary silicates into
clay minerals, accounting for the clay textural class of
the soil. Following reports of early observations by Dawit
Deguéfu et al (1966) on physical and chemical properties of
the reddish brown scoils of Ethiopia, the predominating clay
minerals are of the kaolinite group and some Montmorillonituo.
Extensive leaching occurs as a result of good surface and
internal drainage. This made the soil more acid leading
to the development of a cambic horizon., Decomposition of
ﬁhe abundant organic matter within the soil in the presence
of calcium lead to the formation Mollic epipedon(Brady,

"1978). Similarly, the proposed pedogenic processeBand the
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observed soil properties allow the presence of Mollic epi-
pedon and cambic horizonol

According to the classification and definitions of
the soil survey staff (1975), the soils gqualify and meet
the reguirements of the vertic arglaquells of the mollisol

order,

ARlfisols
These are soils developed on the broad terraces at the
interfaces of pyroclastic interbeds and the successive lava
flows. The soils for the main partyil.e. 60 percent or more,
are cultivated, the principal crops are sorghum and Teff.
The surface color of the soll ranges from a very dark gray
to dark brown. A total of four test pits were examined,
of which the physico~-chemical description of two represent-
ative profiles is given in Table 6 . A generalization
of some relevant parameters is given below:
1, The soil profile is weakly developed with a
lithic contact.
2, The soil is of fine to medium granular structure,
when wet it is nonsticky, nonplastic, friable and

is soft when dry.
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3. The soil is dark gray to dark brown coloured.
A possible explanation of its dark colour may
be as Jackson (1964) points out, that amorphous
minerals constituting volcanic ash that weather
‘rapidly into an amorphous clay mineral (allophane)
combine with hﬁmus to form a dark colored material
and/or may be the result of the frequently en-
countered springs all along the terraces causing
a reducing environment,

4, Clay accumulation at depths of 20 cm or more.

5. Base saturation is greater than 50 per cent in
all subhorizons,

6. A high value of sodium in relation to the adjacent
soils which may indicate the presence of sodium
in the parent rock.

In light of the findings, the most reasonable descrip-
tion of the horizon sequence would be an ochric epipedon
over an argliliic horizon. Pedogenic processes that can be
assumed for these soils are melanization and illuviation.
These properties provide the limits of the Alfiscl order
in relation to all other known kinds of soil. Their
presence in intertropical landscapesinvolve young geo-
morphic surfaces and concentration of sodium in the parent
rock than those of adjacent soils (Buol, 1973). A lower
level of tentative classification qualify these soils as

Ochraqualfs sub~group (Soil Survey Staff, 1975),
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4;1.4 Entisols

These are soils that characterize the actively eroding
cliffs and steep unstable surfaces, the floor of the river
valleys that receive new deposits of colluvium in large
quantities, and the fresh volcanic centres. Such soils
have little or no evidence of pedogenic horizons and are
éssentially loose material resting directly on hard rock
close to the surface. The only pedogenic alteration re-
cognizable is a small accumulation of organic matter in the
upper 0-10 cm., A large portion of this unit is represented
by rock outcrops. Steep slopes where erosion occurs rapidly
as in the river valley, and hardness of the rock and an
insufficient length of time for the distintegration of the
rocks of the basaltic cones are the major factors that
contributed to their existence.

Two so0il profiles are examined and the data obtained
are tabulated on Table 6. The results give a clue to the
presence of an ochric epiﬁedong At high level of classific-
ation, these soils belong to the order of Entisols {Soil
Survey Staff, 1975). |

There is a sharp contrast between the vertisols and mollisols as can
be observed from the tables. Outstanding differences are in the pH and
organic matter content. The vertisols examined are moderately alkaline
and the pH increases with depth. In mollisols, the entire profile is

commonly acid, although in some cases the lower part of
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the profile may have a slightly higher pH than the sur—
face., Most of £he mollisols have a pH between 5.0 and

6,0, The mollisols are also usually lower in exchange-

able calcium, magnesium and potassium than the vertisols,
Thus, these profiles have been rather highly leached while

of the vertisols show leaching effects only at the surfacc.
The properties of the vertisols are those generally associatad
with a 2:1 exéanding clay minerals, while those of the molli-
sols resemble more closely scoils in which 1:1 type clay
minerals predominate., The average cation exchange capa-

city of these two soil orders is comparable. This is in
constrast to the expected exchange capacities of the soils
given the inferences with regard to clay minerais present,.
The significantly higher organic matter content in the
mollisols may have contributed appreciably to the cation
exchange capacity of this soil.

It should be stated that laboratory data show that all
the soils distributed in the area are deficient in available
phosphorous. There is exchangeable potassium in the vertisol
and mollisol where these 'gsoils are derived from no potassium
bearing rocks, and no explanation can be given from the

present survey.
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Table 4. Descriptions of Pedons of thoe Vertisol O
i

Texture Color Organicf 1
Sample| Depth Sand {8ilt ! Clay hatter N
No.o {cm) Hurizon % % % Class Dry Moist pH % g
P14 0-18 AC 23.7 §135.0 ]41.3 Clay 10YR 4/1 |1O0YR 2/1 | 6.3 {1.73 C
AP:1122}1 18-=55 A2 28.0 [18.0 ] 54,0 " 10YR 4/1 [LOYR 2/1 | 6.85[0,72 C
A:2410 55-92 B21g 12,7 [29.0 } 58.3 " 10YR 3/1 |1O0YR 3/2 | 7.15]1.28 C
92-135 B22 13.7 9.0 1 77.3 n 10YR 3/1 110YR 3/2 | 7.4 {2.55 C
135-184 B23 13.7 $11.0 | 75.3 " 10YR 3/2 |IOYR 2/1 | 7.2 |1.79 O
Plo | 0-25 12,7 |14.0 | 73.3 " 10YR 4/2 |1O0YR 3/1 | 741 [2.14 0
AP:2675 .25—68 9.7 115.0 } 75.3 n 10YR 3/1 |10YR 3/2 | 7.5 |0.86 0
A:2415 68-112 18,7 |20.0 ] 71.3 " 10YR 3/1 J1OYR 3/2 | 7.05§0.17 o
112--162 20,0 118.0 | 62,0 " 10YR 3/2 J1OYR 2/1 | 7.75]|0.45 0O
P7 0--28 14.7 114,01 71.0 " 10YR 5/1 |]10¥YR 4/1 | 7.0 |3 . 0
AP:2676| 28-70 22.7 {14.0| 63.3 M 10YR 5/1 10YR 4/1 | 7.3 |2 ¢ 0
A:2410 70-110 8.7 8.0 8393 " 10YR 5/1{10YR 4/1 ) 7.4 |1.14 0
110145 8.7 6.0 | 85,3 1 10YR 5/1 |10YR 4/1] 7.5 |1.21 O
145-~125 12.7 2.6 80,3 " 10YR 5/1 [10YR 4/1 ] 7.5 |o.69 o

CEC - Cation exchange capacity

AP ~ Index no. of airphoto

-~ Altitude in meters
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5. Discussion and Results

General Statement

The objective of the study is to consider the inter-
relations of the weathering of bedrock into regolith, the
transport »f regolith across and away from slopes, the con-
sequent retreat of the ground surface and the soils so formed.
The effect of the composition of scil parent materials and
topographic settings on pedngenic processes has long been re-~
cognized., The fact that the other soil forming factors have
varying effects, determination of the influence of all genetic
factors remains a difficult task. Thus, sume approximations
must be made to narrow the gaps.

The data conveniently available t»n draw the relationships

may be summarized as follows:

5a.1cl Soils as a continuam in geclogic history

The soils on the structural plateau surface murpho-
iogic unit, the vertisols, are formed on pre-~weathered
Blue Nile basalts. The weathered surface is the result
of sub~aerial weathering of the upper fissural lava in
which the base level of erosion was reached before the
basalt was all removed. This is evident in the existence
of patches of rotted rock that reach the present surface
with very little modification. The first cycle of
weathering took place during and after Miocene, following

reports on the tentativdyestablished age of the rocks and
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the erosional surfaces of King (1962). Further weathering

and pedological change is taking place in the present cycle.
This is supported by evidence from geomerphology and

soil mineralogy. Thé significant feature of the morphology

is that lateral planation has exposed a pre-weathered

surface to the present cycle of pedogenesis. The relative

wetness of the soll profile has resulted from a suspended

water table held by the pre~-weathered surface buried by

later volcanic products. The mineralogic implication

could be a high clay content and more particularly the

prominence of the inferred 2:1 expanding clay mineral group

which indicate a fairly extensive period of weathering

of basalts (Buol, 1973}, Therefore, the nccurrence of

the recognized soil type demonstrate the significanﬁ

role of topography, soil parent material and time in the

modification of scil materialse

Scil properties in relation to parent material

561.2,1 Composition of parent material
The composition of soil parent material has
played an important role in determining or modify-
ing certain types of profiles formed. Field
observations show the continuation of in situ
rock weathering during soil formation. The
s0ils are intensely weathered and have 80 percent

or slightly higher clay fraction. The minerals
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present in the soil usually have been derived
'from the parent material by weathering. In

all the soils examined, the original weather-
able minerals such as feldspar and pyroxenes

are virtually absent so that only stable minerals
that have been formed by alteration or synthesis
of original minerals remain. Hence, an attempt
must be made to gqualitatively reconstruct the
mineral portion of the soil from the minerals

constituting the parent rock.

Background:
1. A Soda-calecium feldspar (Labradorite)
may alter to clay minerals and to calc-
ium and sddium bicarbonate giving calcium
and sodium iqns; through the processes

of hydration, carbonation and solution.

CaAIZSi o} °2NaA13130 + 4H,.CO. + 2(nH2O) e

28 8 2 3
{Labradorite) Carbonic Water
' acid

2A1,(0H)81,0 nH,O0 + Ca(HCO,)p+ 2NaHCO

2 3

(Montmorillonite) .
2. The pyroxene minerals and other ferre-
magnesian minerals alter forming clay
mineralsy residual iron oxides , + silica

and salts that are either removed from
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the soil by solutlon or redeposited as
a cement in the pores of the soil.

o C + nHQO o F820303H20~H

nCaMgFeAl,Si,0,
Augi te

J3H,0 + Ca*? 4 Mg*2isio,

A12(OH)481 C. + A1203 5 5

25

Kaolinite Gibbsite

3. Magnetite oxidizes to hematite

+ O

3Fe, 0O

2Fe30 205

4

4. The soil clay minerals of basaltic parent
rocks tend to be kaolinite and halloysite.
if the soil is well drained, but mont-
morillonitic if the soil is poorly

drained (Buol, 1973).

Vertisols versus parent material:

The . investigated vertisols have developed on
aphanitic basalts of the structural plateau surface. The
mineral analysis of the soils show that the preexisting
primary minerals are virtually absent from the soil
profile, The identified secondary minerals are;
inorganic carbonate, quartz,ifon-manganese concretions
and pyrite; also soll materials as glass shards and rock
fragments. These soll materials are considered as

products of weathering and pedogenic processes,
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The occurrence of inorganic carbonates can be ex-
plained if due weight 'is given to the exchangeable
calcium and magnesium lons set free.by weathering of the
parent rock. An important calcium bearing primary mineral
is Plagioclase feldspar (Labradorite); and Magnesium
minerals are augite and the less frequent olivine. The
Ca+2 and Mg+2 released by weathering is leached and/or
brought up by capillary rise from the perched water table,
combined with HCO3" and reprecipitated in a ¢losed system,
involving a carbonate-bicarbonate equilibria (Krauskopf,
1967) .

The presence of these carbonates has been found a
major influence on soil texture, pH, argillic alteration
and cation exchange capacity. The carbonates have uneven
distribution and strongly enrich the lower horizons.
Such a distribution tends to retard and inhibit the decom-
position of hon-~calcarcous parent materials (Grim, 1953,
and Ghrlich et al., 1955). This fact is in accord with
the observed abrupt decrease with depth in the amounts of
clay fraction desplite the effect of the two cycles of
pedogenesiso The carbonates also create constant pressure
to saturate the exchange complex with calcium and magnes-
ium but significant number of ions dissociate” from the
cation exchange surfaces and on dissociation the ex-

changeable bases cause hydrolysis of the carbonates
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(Brewer, 1976), This provides hydroxides, strongly alka-
line, as compared to the production of HY from the weak
carbonic acid and ultimately cause the observed alkaline pi.
The impeded drainage condition of the structurel
plateau surface holds the first relaased products of
weathering such as hydrous oxides within the soil thus
increasing the opportunity for development of complex-~
layer lattice silicates due to retention of a larger
variety of constituents required for their formation.
Apart from that, the alkaline moisture leads to the form-
ation of an expanding clay mineral, the montmorillonite
group with an added tendency to block the formation of
kaolinite clay (Grim, 1953}. In view of the above dis-
cussed conditions, together with the high adsorption
capacity of cations qnd a high concentration of exchange-
able bases in combarison to the adjacent soils, the
conclusion is that expanding clay minerals dominate the
clay fraction of these soils. There is no significant
fixation of calcium and magnesium icns into unavailable
forms, therefore, the amount available is directly re-
lated to the total exchangcable bases. Compared to
calcium, magnesium is less strongly adsorbed to cation
exchange sites (Foth, 1978), and much less exchangeable

magnesium exists,
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Quartz is the commnon minera; in these solls. It
has been derived from primary mineral, augite; which has
béen redeposited through the pedogenic process of silici--
fication. The abundance seems to be the result of an
extended period of weathering, despite its development
from a parent rock with no free quartz. The non=crystalline
residues are also formed in the soil during the weather-
ing of the pyroxenes., Flooding or water logging in thesc
solls creates reducing conditions where sulfate inns in
soll water andferrous iron (magnetite), accessory constit-

uent of the parent material, react to produce pyrite or

iron sulfide.,

Mollisols versus parent material:

The mollisols have developed from intensely weathered
porphyritic feldspar basalts forming the hillsleope. The
idéntified minerals of the insuluble residuc of these
solls are; augite, quartsz, magnetite, ilmenite, rutile,
leucoxene, haematite and limonite; and glass particles
and rock fragments. The origin of these soil materials
and their variation from soil minerals of the vertisols
which have been derived from similar primary minerals
are largely controlled by thefrfree draipnage condition.
This has effected a high rate of leaching where chemical

migration and eluviation of soluble materials from the
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solum takes place. Hence, soil profiles with pedzol
characteristics have developed. The hydrolysis and
oxidation of pyroxenes and magnetite gives the nun-
crystalline haematite and limonite, which impart the

peraistent reddish bruwn colourof these soils,

Alfisols versus Parent Material:

The soil material found in the sand and silt fract-
ion of these soils are; volcanic glass, palagonite,
quértz, haematite and limonite as coatings on rock frag-
ments and a mineral aggregate with a greenish éray colour
and soapy feel. The secondary quartz is generated by
divitrification of the glass residue. According teo
‘Blatt (1972), the alteration of glass 1s considered as
a hydrolysis reaction and is summarized as:

Glass + HZO —— Smectite + Zeolite + Silica +

Metal ions in solution

This reactlon together with the diagnostic features
discussed may match the unidentified mineral with the
smectite group clay minerals. Palagonite is also

derived from hydration of volcanic glass in pyroclastic

deposits (Kerr, 1959).
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5s1:2.2 Texture of parent material

The investigations show that the vertisdl
and mollisol have developed clay textured soils
from basaltic rocks. Since the minerals esn-
stituting basalts weather more easily than the
rest of the rock forming minerals, it produces

soils mainly composed of clay sized particles.

Slope~soil property relationships
General areal interactions of the morphologic units

particularly of the convexo-concave slope are manifested

by variations in depth of the solum, organic matter content,

pH and base saturation. These properties tend to corre-
late with the slope steepness, Aﬁ increase in slope
gradient is recognized with thinning of the solum, less
organic matter content and less alkalinity and base
content. The trends have resulted from surface erosion
of elevated areas, and the high volume of percolating
water over areas with low gradient. There are no
apparent colluvial cieposits° As has been disucssed in
the preceeding chapter, the solls seem to have a sedent-
ary development. This may allow the hypothesis that thea
slopes graded to the present outline before pedogenesis.
Hence, the rate of soil development in part: can be-attri-
buted to the degree of loss of water by runoff on the

slopes, where increase in steepness reduces. the ameeant
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of percolating water which ac;ounts for slow weather-
ing that results in a thinner solum. In addition, clay
formation differences downslopae can be explained by the
weathering of the underlying rock in situ due to the
ability to receive more moisture than those in upslope
positions. Accumulation of organic matter on gentle
slopes 1s promoted by a low energy runoff conditisns.
The good internal drainage of the soils contribute to

a considerable leaching of bases and make the soil more
acid over the slopes with steep gradient. The variation
in the base content characterized by mineralogically
uniform parent rock indicates_the importance of other
factors on soil chemical properties,

Slope also causes changes in surface soll color.
Color is considered as a useful index of the degree and
depth of rock weathering, and drainage_conditions which
are related to soil aeration {(Lutz & Chandler, 1949).
The distribution 1s caternary, where reddish brown and
darkbrown soils have developed on drainage divides and
concave slopes with gentle gradient, and reddish soils
over intervening slopes with steep gradient,

The relationships between slope gradient and the
values of four soil properties from four soil profiles
across a transect from the convexo-concave slcpes morpho-
logic unit are tabulated in Table 7, and illustrated in

Fig. 11-14,
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Table 7. The Slope Gradient, Altitude and the Statistical
Mean of Four S$Scil Properties of Pedons of the

Mrllisol Order.

Pedon”
P12 Py Ps P4
Nos
- /

Slope gradient 4° 7° 12° 22°
Altitude 2420 2445 2470 2510
Mean Organic Matter 2.70 2,586 2.37 1.615
" pH 6.41 6.05 5,7 5.5

n Base content 22.14 24 .41 26,51 30,57

" CEC 45,75 44 .9 43.7 37.6



Fig 11-14 Relationship batween slope gradient 8 some soil properties
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The relationéhip between these soil properties and
the slope gradient can be tested to see if the peints
form some definite pattern. From the scatter diagram,
it is reasonable to assume a linear relationship of
the soil properties (y) on the slope gradient (x).

The straight line formed can be described by an equatien
6f the general form; Y = a + bx, where x is the independ-
ent variable and y is the dependent variable; and a & b
are numerical constants which designate- the y_—’intercept
and the slope of the straight line respectively. The
value of the s;ope, b, is significant apart from making
an error of.one iﬁ ten. The estimated equatiens for

the particular relationship are found to be;

l. Mean organic matter Vs sleope gradient;

¥

Yy = 3~0.06x
2. Mean sqil pH Vs élope gradient;
Y = 6,5+0,05x
3. Mean base content Vs slopw gradient;
Y = 20.85 4+ 0.45x%

4, Mean cation exchange capacity Vs slepe gradient;

o Y = 48-,16-0046}(
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The regression lines depict a negative, linear

relationship between that of 1, 2 & 4; and a positive
linear relationship between the variables of 3. Hence,
the estimated values of the organic matter, pH and
cation exchange capacity decrease with an increase in
slope gradient; and an increase in the values of the
total exchangeable bases occurs with an increase in

slope gradient, Cation exchange capacity and the total
exchangeable bases show antipathetic variation and no
substantial explanation can be given from the present
surveys The coefficient of determination, which measures
the per cent to which the‘chanée in the values of the soil
properties corelates with’the change in the values ef
theslobe gradient, demonstrate the existence of stréng
relationshi§e The computed values are:

1. 96.4 per cent of the variation in the mean
organic ma£ter can be explained in terms of
the slope gradient.

2. 77¢5 per cent of the variation in the mean soil
PH can be explained in terms of the slepe
gradient,

3. 97.9 per cent of the variation in the mean
base content can be explained in terms of the
slope gradient.

4. 94 per cent of the variation in the catinn ex-
change capacity can be explained in terms of
the slope gradient,

Hence, the soil characteristics of the Mollisol

order are significantly influenced by the geomerphalogy.
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Soils of the Morphogenetic Threshold Slopes

The Alfisol order distributed on the pPyroclastic
beds of the Blue Nile basalts Succession have their
origin to differencesg in response to land sculpturing
agents. Since two different litholegies offer different
resistance to erosion, the equilibrium slope changes
respectively., The angle of stability of these rocks are
different and so results in morphogenetic threshold
slepes. The evolving structural terrace allowed the
development of the soils which require geomorphic sur-
faces so young as to limit soil development, Besidés,
the morphblogic setting permits the discharge of super-
imposed threshold springs that provide an aquic égil
moisture regime,

An attempt has been made to match the pessible
relationship of the geology, morphol?gy and soil distribye

tion and isg summarized in Table 8,
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Geoligy Gecmorpholegy Secils Possible mmwmwwobmwwnm .
2saltic agglomerate & Morphogenetic threshold Alfisols The effect of morphologic evolut

Tuff

r ~ Pyroclastic inter-

| beds of the mwcm
Nile basalts,

-~ Age: Lower Oligioc-
ene - Miocene |
(40 moy. = 25 may.)

"+ Mineralogy: Plagio-
clase feldspar
mmﬂwmmu.wmﬁoxmmm

.. scattered in a

M glassy groundmass.,

g

slope of the deep canyon
— Excavated surface that
corresponds to the Plio-
Pleistocene to recent
uplift & ercsion; 7 mo.y.
~ Morphedynamic process:
surface wash processes
such as sheet wash, and

rill wash.

= Depth: 55.75 ems.
= Clay content: 35-3-71,3%

- Textural class: clay to clay

loam
— Organic matter: Cel7-1.55%
-~ Cation exchange capacity:

35.6~41.2 meq/100 gm

- Tctal bases: 25.17-47.16 meq/
1C0 gm

- HB@QHHmSW pedogenic processes:
Illuviation & melanization

— S0il materials of the insoluble
residue: volcanic glass, ralag-

owwﬂmu quartz, haematite, and

limonite

-~ Diagnostic horizone Ochric

epipedon and argillic horizon.

Jion that has exposed structural

terraces i.e, Merphogenetic thre
hold slepes, young geomorphic su
faces with Hoﬂms chronology of

late ﬁwmwwﬁonmSm age giving way

to modern soils.
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& basalt Cliffs

v

Geology Geomorphology Scils
) a) Porphyritic feldspar Composite ridges Entisols
- Fresh volcanic - Cone shaped hills with Depth: 16
centres rounded tops and nearly Clay conte '
~Age: wwmwmdonmbm vertical side slopes Textural <
ﬁo_Hmnmwwq 2 MeYeo I.ZOMWEOQ%umEHn process: Cation exc
,!,Kﬂswﬂmwomwu Plagio- Rapid mass movement 1C0 gn
clase feldspar such as debris avalanche Hommw base
series, augite, & rock slide. ~ Important
orthopyroxenes, mnwmwnwmp
soda maﬁvwdowmm Soil mater
Amem@SOwaqu residue: :
mesmdwﬁm and coated wit
ilmenite pyroxenes,
Limestene, sandstone ’ - Zo diagnos

e gt

et
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6. CONCLUSION

A brief description of the litholngy, morpheclogy and soils
represented in the area is presented.

The tributary river valleys of the Abbai river provide magpifi-
cient sections of part of the Mesuzoic sedimentary formations and
Tertiéry volcanics. The outcropping formational units are Limestone,
Shaly Sandstone and Upéer Sandstone units of the Mesozoic sequence
disconformably overlain by horizontal, thick basalt flows separated
by levels of pyroclastics of the Blue Nile basalts, followed by the
basaltic lavas of Mount Mangestu and basalts from young volcanic
centres, The relatioﬁs among these formational units are examined
on the basis of their lithostratigraphic character and through the
analysis of the morphology,

The prominent morphological features are the pre-Blue Nile
basalt érosion surface, the lateral planation and pedimentation
that exposed the pre-weathered profile of the structural plateau
surface, and the neo=-tectonic uplift that résulted in the develop-
ment of the deep canyon. Four soil orders are recognized and these
are; Vertisol, Mollisol, Alfisoi & Entisol,

The fundamental aim of the study was to determine whether or not
the soils development and distribution is associated with the geology
and morphological evolution, or in terms of soil forming factors,
parent material, topography and time. Soil 1s dynamic and under-
goes a process. of evolution, a gradual change as a function of time

with variations in the physico~chemical and biological environment
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(Birkeland, 1974). The study has revealed that soll parent materials
with similar mineralogy and texture can give way to soil varieties,
and different soils are recognized when the nature of geomorphic
surfaces are changed.

The development of vertisols from aphanitic basalts has been
attributed, to two cycles of weathering and pedological change a
record discovered in the attempt made to reconstruct the evolution of
the base~levelled structural plateau surface. The perched ground
water table of this surface imparts hydromorphic features, poor
drainage conditions, and alkalinity. The alkalinity is also caused
by the high content of exchangeable calcium and magneSium ions which
correspond to the chemistry of the minerals constituting the parent
rocks

The Mollisols have developed from soil parent materials with
similar mineralogy as that of the vertisols. The variation is
partly caused by the differences in the tinme lapse of the evolving
geomorphic surface and their manner of evolution, resulting in these
surfaces belonging to different morphologic units. Soil properties
of the mollisels vary laterally as explained in part by the steep-
ness of the slope,

The soils developed on the morphogenetic threshold slopes,
Alfisols, owe their origin to the evolution of young geomorphic
surfaces of the deep canyon tentatively designated as late-Pleisto~
cene, subsequent to the Plia-Pleistocene to Eecent ne®~tectonic

uplift, FEntisols occur on the outstanding cliffs of limestone,
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Sandstone, and basalt of the deep canyon, and fresh volecanic
centres of Pleistocene to bresent age. These form geomorphic
surface so young as to limit soll development.,

The area appears to be a very prosgeréus and productive
agricultural arca especially on the Méllisols that occupy the
elevated areas adjacent to the bottom plateau surface, These
soils, although c¢layey in texture, are permeable and friable. The
studied profiles show the 80il to be a good rooting media and to
have sufficient nutrient SUpply and are utilized for a’wide variety
of crops. The wetness of the vertisols in the more nearly level
pPlains have limited crop production. These soils are best used
for pasture, Many herds of cattle are being grazed on the portion

of the uncultivated soils. The soils of the river valleys are

generally erosive, and conservation practices need emphasis,




- 99 -
Acknowledgements

I feel my greatest debt to my advisor, Ludovico Brancaccio,
Professor of Physical geology of the Inistitute of Geology &
Geophysics of the University of Naples, Italy, who participated
in the field observations and made valuable suggestions. Parts
of the manuscript have been critically reviewed by Dr. Getaneh
Assefa, Mr Barry N. Henricksen, Miss Susann Ross and Dr.G.N.
Saxena, all of whom I akcnowledge with gratitude. Acknowledge-
ment is made to the management of the Land use Planning &
Regulatory Department of the Ministry of Agriculture, for the
use of its facilities, without this support the study would

have been delayed and perhaps not attempted.

Financial support crom the Swedish Agency for Research
Cooperation with the Developing Countries (SAREC) obtained
%hrough the Ethiopian Science and Technology Commission which
was used to cover the expenses incurred in the preparation of
this dissertation is gratefully acknowledged. Thanks are

also due to W/t. Selamawit Mekonnen for secretarial assistance.




« 100 -
Appendix T

G§0il Analytical Methods

Texture
it

The Bouyoucos's hydrometer method is used. 50 grams of
501l is wetted with distilled water; thelorganic matter is destrov-
ed with H202o Sodium hexameta phosphate ("Calgon") and distilled
water are added and the suspengion is stirred for 5 to 10 minubtes
to get complete dispersion. The dispersed soil is transferred
to a 1000 m1 cylinder, filled with distilled water, and shalen
before the first hydrometer reading. Hydrometer readings atl40
$8¢, 1 hr., and 2 hr., intervals is taken. These three readings
furnish the data for the following three classes of material:
sand ( 0,05 mi. diameter), silt (C°05 to 0.005 mm) and clay
( 0.005 mm). These limits do not agree with the wentworth

grade limits,

Colour:

The munsell soi] colour chart and the revised standard =nil
color chart by M, Oyama and H. Takehara are used jointly. The
former gives better description, of dark gray soils, while the

latter is good for tropical red soils.

P
An electrometric method employing a glass electrode and =
calomel, reference electrode, is used to determine soil PH.

A 1:1, soil-water suspension is stirred several times for more

- than one hour. The suspension is left overnight for equilibration.




- 101 -~
The measurement is done with two buffer solutions of PH 4.2 and

9.2 to standardize the pH meter, every time the reading is made.

N

Organic matter

Walkley black's method is used, in which one gram soil is di
digested with a mixture of chromic and sulphuric écids, making
use of the heat of dilution of sulpburic acid. Excess dichronste
is titrated with 0.5N ferrous sulphate solution to a brightgreen
end point using barium -~ di phenylamine sulfonate as the redox

indicatoxr.

Total Nitrogen

One gram of soil that has passed a 70 mesh-sieve, is digested
with concentrated sulphuric acid to fix nitrogen as ammonium sul-
phate using a catalyst mixture of potassium sulphate, copper sul-
phate, and selenium powder. Sodium hydroxide (10N) is then added
to liberate ammonia which is distilled into 0.2N H580, . A semi-
micro-kjeldahl apparatus.is used for distillation. Excess 0.2N
H2804 is back titrated with 0.1N NaOH using methyl red as the

indicator.

{

Available Phosphorous

Olsen's or sodium—bicarbonate method is used. This method
utilizes 0.5N sodium bicarbonate 5uffered at pH 8.5, as the extre-
afting solution. Chlorostannous reduced ammonium~molybdate in
concentrated Ho80y, with blue colour is used to estimate the amount

of available phosphorous.
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Available Potassium

Peech's method is used which employs cobalt nitrites pre-
cipitation method based on Morgan's extracting solution. It ais

a visual turbidimetric method determined by a colorimeter.

Exchangeable Calcium and Exchangeable Magnesium

Exchangeable clacium and magnesium are leached from the soil
by neutral normal ammonium acetate. On the extract so obtain:zd
exchangeable clacium and magnesium are first determined by the
versenate method using eriochrome black-T as the indicator. Then,
exchangeable clacium alone is determined by versenate method,
using ﬁSN indicator. Exchangeable mégnesium 1is obtained from a
difference of the total calcium and magnesium extracted and that

of the re-extracted clacium.

Sodium
. godium is determined by flame photometer using neutral norwel
%mmonium acetate extract.
/3-
// Cation Exchange Capacity (CEC)

, Soil thoroughly leached with neutral normal ammonium acetateo

'Jto remove cations is washed to clean off its excess acetate with
95% ethylalcohol. The remaining ammonium ion that occupies thoe
exchange positions is vacated with 10% NaCl, and is then determnin-
ed by Kjeldahl's method. The smuwonium liberated is distilled into
0.2N H,80, and excess 0.2N HpS0, is backtitrated with 0.1 N MNaCH

ﬁsing methyl red as the indicator.
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