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ABSTRACT 

The geology of the Asela area has been studied In de t a~ l 

and the fertility status of the soils in relation t o the 

f actors of soil formation (parent material, climate, top o­

gr aphy , organisms and time) examined qualitatively and semi­

quant itatiVielyo The area is associated with Pliocene and 

younge r volcanics (central and fissural) and is intensively 

aff e cted by different episodes of faultingo Basal t s, Trachy-

basalts , trachytes and acidic pyroclastics are the rocks 

occuring in the areao The major soil s are the dark-dark brown 

and the reddish brown soils of the plate au and the dark-brown­

dark ye llowish brown soils of the rifto In ge neral, the ri f t 

s oil s have higher plant nutrient s t atus than the plate au 

soil s o Removal of materials is important on the plate au and 

add ition in the rifto Parts of the plateau and mo s t of t he 

r i f t f l oor are affected by poor drainageo The abundance of 

surf ace hindrances on the surface of the rift soils might b e 

att r i but ed to t he young age of the rocks in the latte ro In 

te r ms of physical limit ations of the land, both t h e lowland 

and t he plateau have their drawbacks o The cumulative influence 

of the topography and the climate is found to be dominantly 

r e s p ons ible for the lateral and vertical variations of the 

inherent fe rtility of the soilso 
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1 0 INTRODUCT ION 

Ethiop i a is a country based dominantly on agricultural 

ec onomy o The Chillalo District of Arrsi r egi on (Central 

Ethiop i a) , which includes the ar ea of the pr esent survey i s 

one of the we ll-known regions for its product i on of wheat 

and barley o 

CADU (Chillalo Agricultura l Developme nt unit), pr esently 

cal led ARDU(Arrsi Rural Developme nt uni t) , has conducted 

se veral studies in different fieldS: pedological, ecolo gi cal, 

hydroge ologic al etcooo 

Since a gr eat deal of work has been contributed to t he 

Chillalo District by this group, those points which mi ght 

add further informat ion about soil fe rtility status in the 

area and its qualit ative and quantit at ive r elat ionships to 

t he factors of soil format i on, have been wor ked in this s tudy 

in a semi-det ailed mannero 

1 01 0 Locatiorr and Communication 

2 
The study area, covering a surface of about 550km lies 

o 0 0 0 
withi n 39 00 ' - 39 15'E longoand 8 62 '-8 82 ' N lat. It i s loc a t ed 

about 175 km s outheast of Add i s Ababa and includes portion s 

of the main Ethiop i an Rift and of the Southeastern Plate au 

around the town of Rsela o 

It is acc e ssible by the mai n highway , Addis A~aba -

Nazreth - Asela - Goba n Another r oad also runs fr om Asela, 
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t hrough Ogo lcho, to rreki and Adami Tulu a Two r oads br anchin g 

fr om the main highway cover part of the a r ea ; one branch l ead s 

to Ke rsa and another cros s e s the ARDU proj ect ar ea s outh of 

As e l a o 

1 . 2 . Obje ctives 

Inspite of the fact that me chanized and cultura l farming 

ar e practiced extensive l y , the ar e a lacks detail ed scienti f ic 

stud i e s with respect to so il fertilityo The pr esent study i s 

essent i a lly geological and pedological, and attempts to show 

a ge ne r al pe rspec tive of soil characterization in the are a o 

The main objectives of this paper a r e :-

1) To examine, in detai l, the geology of the .Ase l a 

area; 

2) To establish qualitativery . and whenever pos s ible 

to quantify , the relat ionships that exist between 

the fertility status of the soils in the re gion 

with the soil -forming factors (parent mate rial, 

climate , topography, or ganism and t ime ); and 

3) To come up with a po s s i ble conc l usive r emark orr the 

exist ing rel a t i onships , which, by extrapolat ion, 

mi ght apply t o othe r re gions with similar geolo­

gical, physiogr aphic al, climatic and biologic 

features 0 

The r esults obtained could supplement the r e connai ss ance 

land use study in Ethiopi a , which is being carried out by FAO 

/ 
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and Ethiopian experts of the Land Use Planning and Regulatory 

Department of the Ministry of Agriculture . 

1 . 5 . Previous Wo rks 

The surveyed area only sometimes falls part i al ly wi thin 

gene r al stud i es; essentially geological, such as those carrie~ 

out by Di Paola (1972 ; 1976) , Juch (1975) , Ka zmin and Se i fe 

(1978), Mohr (1962; 1963; 1966; 1967; 1970) ; pedological, 

carri ed out by Trapp (1974), Hammer (1974) , Kebede Tato (1970) 

and Nurphy (1969). 

1 .4 . Methods and Materi als 

Ge ologi cal, drainage and soils map were produced fro~ 

dat a collected i n three fi e ld trips totalling 30 days o A 

topographic map of 1 : 50,000 scale was used as a base , wi th 

aerial photographs of the same scale as suppl ementary 0 

Traverses we r e taken along str eam channels and also i n 

profiles not uniforml y spaced . Various rock exposur es were 

examined and s e ctio~= p~epared . Rock samples r epr esent ing the 

di ffe r ent pyroclast i c and l ava flows we r e collected for 

petro graphic studi es . 

So il sampling was mostly done by di f,g i ng pits 1- 3 cubic-

meter, except for those sampl e s taken from swampy areas , in 

whi ch case a hand auger was used. Few samples wer e also 

collected fro~ the sides of small gullies. In all cases, 1- 4 

samples we r e t ake n from each profile at different depths , 
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t he numbe r depending on the variability of the so i l with depth 

and the thickness upto the bedrock. Soil sampl e sites we r e not 

unifor mly distributed throughout the area . This was do ne , 

bec.'"1 use uni form spac i ng of sample - sites does not always f ulfill 

that r equirement of maintaini ng four of the f ive soil- forming 

fa ctors const ant , in orde r to examine the rol e of the vari 1 8, 

In the soils ' aspect , emphas i s was not give n to the mount a in 

are a . 

52 so i l sampl e s were anal yzed irr the so il se ction of the 

Land Use Planning and Regulatory Department of the Ministr y of 

Agriculture . Analysis of some dupl i cate samples was also 

carri ed out i n the ARDU Soil Laboratory at Ase l a . 

The various l aborator y t e chniques emp l oyed i n the so i l 

analysis are briefl y mentioned her eunder. (They ar e r efe r r ed 

f rom Jackson 1973 , second ed i t i on) . 

Texture was det e r mined by the Hydromete r Method . Light 

and heavy mineral studies were carri ed out by separ at ing the 

two in br omoform (sp. gr. 2.9) in the Geology Depar tment of 

the A.A. U. The Munsell and the [,;t andard Color Charts were 

used to dete r mi ne dry and we t so i l color s. Soil pH was 

measured e lectrcc~8~ic ally by means of glas s e l ectrode . Phos -

phorus was anal yzed by Olsen ' s method . The Wakl ey- Black method 

was employed fo r soil organi c matter dete rmi nation and the 

Kje ldahl me t hod for total ni trogen. Exchangeable c alcium and 

magnesium were extracted by neutral normal H4 0AC and det e r ­

mined by means of Versene t i t r ation. Available K+ was det r ­

mine d colori metrically and a+ by flame photometer . For CEC , 

de t e rminat iorr with ammonium was u sed . 
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2 . CLIMATE 

Disregard i ng the micro climates caused by minor topographic 

features, the study are a can ge ner al l y be d ivided into two 

maj or cl i mat ic units, on the basis of precipitation and 

temperature conditions . These ar e :-

1) The warm , dry rift valley ; and 

2) The mo is t , cool e r pl ateau • 

According t o the works of Kebede Tato (1970) and Al ema­

yehu Mengistu (1975), (especially t he l atte r) , from \o'Thich most 

of the climatic and vegetational data were dr awn , the second 

climatic unit is further subdivided into t wo : the cool er 

area of the h i gh a ltitudes and the frost ar ea of the highey 

parts of Ghillalo I\'~ ount ain o 

The authors pointed out that all the thr ee ar eas get 

rainfall at about the same t i me, but in varying i ntensities. 

In the Chillalo District to which belongs the investi-

gated region ~ three seasons are known in a year: the dry 

season (Bega) \'Thich l asts fr om October - January; the small 

rainy season (Belg) exte nding from February - May and the 

b ig rainy s eason (Keremt) from June - September (Kebede Tato, 

1970; Al emayehu Me ngi stu, 1975). 

The ge neral rise in elevat ion f r om north to south and 

f r om we st to east i s accomp anied by corresponding increape 

and de cre ase~ r espectively, of pr ecipitation and tern e r ature 

i n the se dir e ctions . Thi s r e lationship i s evidenced by the 

me t e orologi cal data of four r epr esentat ive stat ions in the 
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area : Ase l a , Kulumsa , Dugda and Arat a o 

The t own of Ase la i s s i tuat ed on the ~o rth- central part 

of the study ar e a , at an a l t i tude of 2350 mo The mean annual 

precipitat i on r eco r ded at the Ase l a st at ion fo r t he pe r i od 

1966- 73 was 1370 mmo The second s t at i on , Kulumsa , i s at t he 

nor the rn edge of the mapped ar e a at an alt i tuae of 2200 mo 

The mean annua l pr ec i p i t at i on in the ye ars 1966- 73 amounted 

to 834 mm o Dugda , which i s l ocated i n the r i f t v alley (180C m) 

r e ceived a me an annual pr ecip i tat ion of 619 mm be tween 

1970- 73 0 The mean monthly maximum t emp er at ur e , however, 

s howed incr e as es from Ase l a , t hr ough Kulums a t o Dugda (figo1)0 

Tempe r ature al s o incr ease s from Ase l a to Ar ata which i s 

l oc at ed at 1760 m (F i g o 2) 0 

Si mil arly , r a infal l r ecords f or Ase l a ( 1975 - 79) , 

Kul umsa (1 975 - 79) and Ar ata (1 975 - 78 ) showed de cr e ases 

i n t he orde r of arr angement and mean annua l pr ecipitation 

value s wer e 1315 , 877 and 816 , r e spective l y (Fi g 03)0 
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30 VEGETATION A D LAND USE 

The vege t ation within the area markedly change s wi th 

e l ev ationo A west - east traverse within the study area shows 

t he v ariation in the d i stribut i on of plant specie s and 

communit i e s 0 evertheless , certain s pecie s of tree s , grasses 

and shrubs cro ss the boundri es of the zones to which they 

be long and appe ar , r e l at ively sparse ly in adjacent ve geta­

t ional zones o 

The classification of the a r e a into vegetat ional unit s 

as given in the following sec tion, i s based on t he works of 

Al emayehu Me ngistu (1975 ) and of Lill and Lundgren (1969 ) 0 

Ac cor d ing to these authors (with some mod ificat ions ) , the 

ar ea of inte r es t c an , in a ge ne r al ized manner , be cl ass ified 

into four vege tational zones o These are :-

1) Al pine area 

The a l p ine area cover s the highe r parts of Chillalo 

Mountain (more than 3000 mo aos olo ) which r ece ives 

high precipitation and low t empe r ature e 

In te r ms of areal extent , the shrubs Erica arborea 

and Hypericum revolutum ar e dominant in this zone. 

sever a l species of gr as ses and he rb s also consti u e 

part of thi s floral community . 

2 ) Highland area ( 2500 - 3000 m) 

This e cologi cal zone occupi e s the mount ain slopes 

valley bottoms , open and r ollin lain 0 I i s 



-. ~ . 

, .' ." . . f .:~. .. 

-~ '. ,q ',. 

~.! : 

i " 

' ) . 

- 1 1 -

const i t ut ed by three major, distinc plant communi t i es : 

Hage ni a and Juniperus fore st , Podocarpus fore st and 

ope n gr assland. 

3) Med i um altitude area (2000 - 2500 m) 

The l owe r l i mi t of thi s zone co i ncides , approximat e l y 

wi th the plateau - r i ft boundry . The vegetat i on in t h i s 

area can be generalized as Podocarpus fore st , scatte r ed 

tree gr assland wi th Acacia tree s , and open grassl and . 

Euc a l yptus fo r est i s domi nant around the town of As e l a . 

4) Lowland ar ea 

The l owland are a i s mai nly the r i ft floor and includes 

part of the main escarpment ~ In the study area , this 

zone fal l s within the r ange of alt i tude of 1700 -

2000 ill . It consists of swamp grassland and scatte r e d 

tree gr ass l and with Ac aci a as the domi nant t r ee. 

The ve ge tat i on on Chillalo Mountain and i ts slopes , in 

the valley bottoms and on the escar pment slopes , is in it s 

natural state . The need for agricultural land , togethe r wi h 

the need fo r fi r ewood and charcoal, has r e sulted i n defore s -

t at i on which i s st i l l encroachi ng upslope o Most of the area 

probably once was under natura l forest cover before human 

int erfe re~ce started to be oper ative . 

Inspite of all th880 anthropic influences which mi gh 

bring s erious e cological disturbance s , a r eate r part of he 

s tudy ar ea i s still under f or est cover- na ural or 0 her i e . 



" , I 

- 2-

Both on the plateau and the rift , a large area i s used for 

grazing and l a rge and small scal e f r ming . Part of the are a 

wi thin the rift has turned out to be swamps and small lakes . 

A port ion of the area i s nothin but bar e r ock sur face i se t l e ­

me nt ar eas cover a small proportion of the whole are a . 
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.., . GEO ORPHOLOGY 

I ts geo logical history being shor ( ppe r Pliocene and 

younger , ba s ed on Mohr, 1967 and other works ) , al l the geo ­

mor phic featur es in the area are very young . 

In the eastern part stands the huge volcanic edi fice of 

of Chillalo -Mountai n , associated with numerous parasit i c c ones 

of bas alt . A gr adual descent leads to the high , f lat and ge ntly 

westwar d slop i ng plain . 

The abrupt drop at ·the mai n esc ar pment , the rim of whi ~ h 

is marked approximately by the 2020 m contour, inte rrupts 

t he se topographic units on t he ' p l ateau . 

The mo rphology of any re gi on highly influences the 

phy s ic al and chemical condit i ons (fertility in the pr esent 

c ase ) of the soils by controlling the drainage . The next few 

paragraph s attempt to give a glimpse of the v arious geomor-

phic features i n the Ase la area , to gether with the drainage 

conditions as related to soi l characters. 

Yi g.4 shows a rough subdivi s ion of the area on the bases 

of the patte rn and density of drainage . In general , somewha 

par allel be lts of decreasing intensity of drainage (increased 

wat e r pe r mane nce in soils) from the mountain to t he loor 

The h i gh alt itudre of Chill alo (approximately above 

3000 m) show radial drainage and high densi y of str e ams 

wi h commonly narrow, sharp- crested divides. The interior 
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of the calder a a he op (dr a i ed y he hea 

K lumsa :. ." J ~ . ) does no t belo here . 

ate rs 0 t r: 

Th e slope which commonly exceeds 30 pe rce nt does not 

favour r oper soil develo me to ~ ore ove r i e nha c e s h e 

emova l of alrea y developed soil b y ero s i o a s is evide ce 

y s ome truncat ed profile s . The hick v ege a ion cover has i s 

o role in the nature of soil developmen • On he one h a d , 

it furnishes organic matter which forms humic a cid s tha a i d 

in che mical weathering; on the 0 her, it pre ve nts r ain d r o 

e ros ion and also other e ro s ive p rocesses . 

Desp i te the thick vegetation c ove r , he soils are pa c hy 

in occurenc e , with shallow profi l es . 

The foothil ls and the base 0 the mountain ar e char ac e ­

rized by the same r adi al pattern of drai nage . The small 

s tre ams that emanate from the h i her par s , flowin to h 

entler s lope s , join to form a smaller number of larger 

rive r s and s treams . For this r e ason , the de nsity 0 dra i n a ge 

i s r e duced. The divides betwee n river channels a r e wi de d 

mostly flat - t opped . 

Th e soi ls h e r e enjoy perfe c ae ration and hey develop 

dee p p r ofiles . 

The third uni t i s the gently incline hi h land ar a 

b ounded from the lowl and y h e main scar me n 0 e i f . 

I is flat to ge ntly slo in • The s r e am an rive r cha Is 

a r e s p ace d very wi e A c rt a i de ee 0 st c t u a) 

( f ault) control of draina e be i s to rna i es i se lf h e 
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tis is v ce y 'end som s r e 5 fo 10 hic L 

.or nl 0 h eas -..,1 re 0 o ( on e la e' l. t. 

R - of is 0 ..,ell co cen ra ed and he gen ly slopi fT 

or ion 0 his 1 egeme is af ec ed y sheet erosion . 

Hovever lateral cu i g of f'elds by rivers is also op ra in 

," . !) 
Wa erloggin is a pro lem in he soils 0 this area . 

I he proxi i y of he mar inal escar ment a small 

I'umber 0 basal tic cones spo his sec ion of the 1 es iga ed 

ar a 

Th ri valley a ea incl ing he mar inal Eas e n 

Esc8r ment is domina ed y struc al landforms . Faul scar . s 

3nd less commonly ault li e scarps and composite scar 

consti ute impor ant geomo phic elemen s . 

On he mai escar pment , a fe.., case 0 aul - con roll ed, 

"linor rota ional 1 dsl i des have ee n 0 served . e y small 

ca le talus fa s could also be see a he foo of his esc~ '-

r.Je nt. Both features ar e 0 mappa le a he sc le ive . 

'.' F ulting , havin be en the majo ec onic phe omeno h'1 

op ra e in the area i od ced a se ies 0 small gra e c 

" 1' -. 

hors S o Fe of the fo me h ve chan ed 0 s a lakes 

n marshes . 

he ri floor is a r ce acle of debr s e ved om 

mC\ s s wasting d ver 10 ds. n d on to hese the i 

loor. is m ke y s 11 olcanic co es. 

.', 
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Drainage channels are s onEly gui ed y a 1 s . ive s 

. ~ " ; 

- "' .• {.... \' I , , /.: . ' ~ .!" ! c~sca in " the escarpm t radually , t mos o he im 

a ., ~ i .... ·.: . ". " ::", \j ... ,j ' .• ' , .\: , .- i I ) ly chan e heir e s - ~est r end 0 of e ri 

. ", ,'i :' n neral , he ar ea lacks good drainage . T e soils have 

good ext r e bu hey are rocky and sony. 

, ~ . I 

The Asela area is drained by s r eams which rO se from 

the m1untain area and join the Fe ar Ri ver . This river in 

ur flow s into Lake Zway . 

;' ; 

,',' .. " 

, , : 

~ ,-, ! ' 

'::" 
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• GEOLOGY 

.. r, n .ral 

The volcanic and t conic e e n s '/hich ook lace i J' 

Asela ea , essentially make a chap er in e volcano- ec 0 ic 

history 0 the Mai n Ethiopi n Ri 0 I lould hus be appro -

ria e to p resent a summa y of the mos importa ea ures 

of h latter b efor e discussing he s udy a a. 

Th e ain Ethiopian Rif b e ing a segme nt 0 

African Rift Sys em , i s la te ally bou d y the 

he Eas 

hio 1a 

Plateau to the west and th Sou h - Eas e rn lateau to h 

east ( F i g .5) . 

I is a huge grabe which i s occupie by vo cano- ec 0 ic 

lakes . It is charac e rized by normal ste faults a ra d in 

e n e chelon style and rendin m i nly - SS wi h 1.r('; 

ill - SW , 1 - S and ~ - SE s riki g faul s ( ohr 1 67 ' Di 

Paola 1972 ; Geze 1975 and 0 h e s). 

Excep on the Amaro (Moh 1962 1966 ; Baker e ale ~?) 

~nd h e Ke ll (Di Paola Se i e 979) Ho s r e - Ter-

iary ro ks 0 tc op he Ethio i a Rif is a8soci 

e ~e illy with rl ioc ne 0 pre en volc a ism an vo c 0 -

sed irne t ry te rgri 1979 in : e la <11 • 

T e wo la aus 0 i ei r si e a r e c a ac e ized 

h:,' a numbe of larg and small hi .l volcanoes n 

la ivc le s intens ec 0 ism. 



~ 

FiCl . ~ Block d)OQram .howf19 th. -'MIn .tructura. flatu" . of the EthiOpian RIft . " "'-00' 40' I 

(Aft.r a 1972 ) 

·1-. 
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:a y a thors ( urke De Yle y 1970 nd o hers) r la e i 

t.: e sis to he Ai o- A a i n Domi g 0 he Lo ' ~ r Te r ia y 

imE.: s . 0 he 0 e r a d r ecen iews (Baha 1979 - cGo 

1980 ot t:: r s) mai the Eas Af i ca Rift as a 

whol e , i s an ancient f e a ure . 

Accordi g to Bahat ' s model of rift e ne s i s (Fi g . 6) , 

fr ac ure i i ia ion took place at lake Malawi (alon C) ;by 

r cur e prop ga io and r epeate bi u c a ion 

ift (E) came into be in • 

he Ethiopi 

A portion of he invest i gat ed a r ea f alls ... ,i hi the 

centr I part of this com lex s ructur I sys em . 

Th Asela area comprises lava lows d yrocla tics 

be longi n o the "Nazre h Series " and "\.Jonji e ies" of 

1\Teyer e t al . (1975). The ocks occurin in i s a r ea ar e 

i ~ imbri e s , welded and nwelded uff s asal s rachytes 

and trachyb salts . Their sourc s we e both fiss al 

ce tral type . 

Diffe r ent phases of fa lti ar evid 1 he ar a . 

~ 

v 



f 

Fig . 6 A. Sk tch M p 01 Fro cture Model R • mbl Ing Moj or 

Rif ~ In Th e Af ri can Co nt in nt (af'ter B oho 1 19 79) 

B. Th A f r ie on Rit~ Syst e m ( a f te r Bail ey, 1964) 

Dotted Lin s Indicate p ition Of Ini iol 

Frac t urat ion . 

C. C ent re of fr o eture mif1ation 

D. d Sea 

E. Mai n E t hio pian Rif 

F. G u I f of Ad n 
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eolo ,y of e s udy a ea 

5.2. 1. S at igr aph 

he succession 0 rocks i he ar a from he yo .-

gest to the 01 est ca be summed u as follo/s : 

Rift floo basalts 

Rift f loor yroclastics 

Main escarpment basalts 

pyroclastics of the plateau 

Tr achybasalt and Tr achytes of Chillalo 

Chillalo Ba al s 

Chi llalo i s a mE - SS -J elon a e volcanic moun-

t in on the Sou h-Eastern late u I 

the fla - lying highl nd to a elev~ io 

rises gen ly fro~ 

of 4000 m .s. l . 

t its summit. It stands east of t tOy 

rominently overlooking the rift 0 ar s 

it is topped by caldera, which accordi 

(1972) , is about 6 km i diamet er. 

of se l a 

he wes and 

to Di Pnola 

Its products include basal s, r ach es d rac 

bas l ts and are he olde ocks in the a ea (Fi .7). 

5 . 2 01 010 Chillalo Basalts 

T e m~ gi al esca me s 0 s a 

Bolke a Rive wa erf 1 0 

220 m. Th Chil 10 R s 1 .J ich s 

he 

bo t 

os d '1 

t e nsc of he esc sam xi 



--

c 

mo n 

flow 

ess 0 

in 

0 hi 

15 
loor 

ica 

her el 

plateau pyroclas 

(Fi 

0 

v 

c 

- 2 -

co ) . 
'.., s ern si 

co i is 1 

ion h co er 0 

'm e 0 h JO er 

of hillalo itse f . I as 1 r ex io 

the lat a to alti udes 0 3- o t 3000 m s 

observ d 0 he so s (;; n s ' de 0 his mo 

ai , at Borora 

A di fere places dif er rocks re 

fo nd directly ov rlyi g he hillalo aSD 

A he bo om 0 be mai es a m n i 

locally floored by a 2 m hick agglome ic 

mate ial nd covere co 0 bl Y no 

thick (a p oxima ely 40 ) a 10 ic 

Alon he co se 0 h 1 msa Ri e 

e t 0 Asela) he nsal is ovt..rl I 

bri s . bo t 1 km stream lon he same i 

i is ov lain c y asa " ile n hI;: 

Dosha Riv I (.ou of A e ) o T 

ch es d' ec ly rt;:st 0 it. 

The ock i c 11y ph 

m· 1 
~ 

e oc yA s) e s· 

color. Sco iaceo c 

v si 1 0 0 nco 0 

0 

i 

r 

1. m-

il' 



s 

5.2 . 1 . 2 . 

D s i e heir oseo c i 

va i eties have 1 p e 

v ith mi ne if 

he e c d y 0 

felds a mi r oli 

( in s ome s amples) nd 

s cori aceous v ie a hi 

mass . The omi na min al occ i 

cr ysts , is pI gi oclas feldsp (1 

which r r eI shows zoni @; . A so occ 

crysts , par tly i d ings i i ze olivi 

and bioti e . Olivine 

groundro ss as well. 

yroxe e occ 

The ir mine alog ' cal e 

- 2 -

si ri· .. 

a s 0 

1 1n"'. 

. t. 
ie rou 

h no -

ori ) 

s p e 

i h 

ho 

minor) , toge t er wi h h va ia ion of e roc ks 

direc ly ove 1yin them , s g es he Chi a 0 

Basalts may ot be the produc o 0 e- ho 

erupt ion on y . These b sIs eloo o he 

"Pl i ocene ain Rsal s " 0 Juch (1 75) . 

Tr achybasal a d r c ytes 0 '11 0 

The two ock yp s 0 r , 

be c ' us of he 1 ek s h'c 

r elat i o hi be one 0 m . s 0 

ov r l yi g he 0 or c 0 io 

e r sse ha e 
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01 e r c c 

t end 0 hi s c 

h s co 0 

e Chi llalo T c y . I 0 

osed (abo 200 c 
.. ;~ : ment 10 g h Sho ( col ) 

the 5 compris B hickn 5S 0 10 - 15 is 

r e r e ente by his sal ic 10 ,' . I 5 

in e bedded wi h glome 0 ick s 0 

abou 60 m. 



... . 

-, ' / 

: " (h ·s ) 0 

0 iv 

'," f:;- T 0 0 
, , 

~ .: 
( 1 0 ly 10 

0 e a e e ivi 

n d 06 0 

iver ch ) d 

eros io of e ov oc y j o 

aul ing respe:c i 1 . 
Th ce 0 Ch'l 0 

he S orima S8C io 0 -

kes (sou h 0 horim ) 

nor hward d clin i h m 0 

T e la er in 9 u 

of h fault. Bn e on 

K lums Ri e w r e h 

tr chy s 1 i look 0 

th0 • IJ X 

basal is r ) . 

The (;;r 0 C j11 

ra h jc oeks w i } 0 r 

i colo 

T se oclt.: y. 

ar f 0 

e ec 0 
e 0 

. .- 0 
hu in se co 0 

, . ' . 
-.' 
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- s ive nature 0 l ava 10 • 

At higher al i des - like 

radially dispose calde 

common . The t ac yt 10 ", d' lly i ps 

the lower topog aphy, ..,/ ich i s i 

evident source from C illalo Vo c o . 

i 

- 2 -

o 

Me ascopi c lly the ock i s i c lly 

e 

in color and porphyri ic , i h a unda 

and ver y few biotite phenoc ys s . es i e 

e l r 

E: S -

cular and a hyric varie i e s a e 1 

The spectacular later 1 v ria i on 

may be be e }se all th J va d'd no loot 

one time, but accumulated in a series 0 sm 11 

erupt i ons . An alternati e expl ion cou be 

that it was a one - sho phenome 0 u he 1 v 

was not uniformly e ose o ten 0 he e ·hi 

it was cooling. 

The variation ln color co 1 be e lained i 

the above manner , 0 it mi t e a ri ed 0 

differen i al we athe i 

The pos s ible expl nR i ons ive 0 e co 

and t extural c ang "' s of e r ac e 0 1"0 

to the b as I ts . 

Inspite of h i e r s ri s 

appearances in hand s ec i mens r c 

0 
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e sse n ' al l si i l ar 

petro~ra hic st dies 

Th i s. c i on s die s 

whi ch i s commo o all 

i s trachytic fith in e 

o ic o 

r c ic 

i e e s • 

ial ~la 6 . Oc s i o 

zonned plagioclase e ldspa ( ,i hi 

ande s i ne ra e) a d lkali e l spa (sa 

ol i ocl' 

usual l y associat ed wi h s bo di i o 

b l ende , olivin G and subhed al - e 1 coss 

grai ns occur as phe ocrys s . Iro oxide is a co o. 

accessory o In some sam l e s some of hese 0 i e ., 

show a yellowi sh al t e r t i o r i 0 leucoxe 0 -

alter ation pro uc t f ro ilmeni e . 

It should be not i ced ha is ne al 

b l age s r epresents the C i llalo l acb os b i 

i s a l s o true t ha one or 0 i erals l ac i "0 

var i e ties or t hey may occur i diff r t;. 6 

i f present o 

Kazmin and S i e (1 97) O ' D ed 0 a 

Chi l l alo olcano vol ed from rhyoli e 0 

t e s o However, no rhyol' ic ock w e 

i n he pr e sen f i 1 10rk c s i he 

por i on of the moun ai • T in s c io 0 

collected rom t he mou in o 

quar z phe ocr s s . 



I n hi s pa cr s 

lut i onar y end 0 Chol 0 volc 

basal t s - ou trac bas 1 s -

Fi eld evide ce clear l c 

basalt bel o s 0 he e lie 

a ;ot i vity . An amb i i y P ese s i 

ther the trachybasalt 0 he c 

::::: t has al r eady een me n i one 

younger . 

The trachy asalt oes no sho 

h i gher han whe e i was o nd 

River V lley sug est i n ha 

of the t r achyte s . Se con l y , 

i nt e r mediate be wee n ba~al 

ther efore t r ue th t e 

evolution i s consis en w 

i s 

h 

: 0 

·0 

o o c c 

as 0 

e 

he 1 er i 

a e < i o 

u s 

de be co .. 
is 

. I i.' 

heo e c 1 

t r end f ollowed by e a i on 0 a 1 i 

magma to ac i dic e ds 

has not been r cache i h pr ese 

1 

c se . 

Sever al a t ho s (Kazmin ei 7 'oh 

1967 and others) believe a c ivi Y 0 

Chil 10 began 1 te i he • Tern 

Plioce c iddle Pleis oc e y 

801 a (1976) for ock rom s r 0 

C ill lo~ mo e or less e h e 0 

s 
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5. 2.1 . 3 . Pyroclastics 0 e p e 

Thi la ge compos e i 

the ml.rginal esearp en 0 y i 

the wes er side 0 C ill 10 . I 

shows a very hig egr ee 0 la v r c 

(from one flow 0 ano her) v ich 

the bases for the iden i iea io 0 i r 

flows withi i . 
The di tine io 0 he va io s 10 s s 

based mainly 0 heir field p ca anc 5 s 

color , t ex ure , deg e of weld · s uc 

the type , size a d ab d ce 0 5 e r 

present 0 

Sections dis rib e ho h of 

investigation (an o e 0 si e h ) 

on fault sc r p and valley ides 5 i 

and discussed indi . dually ith m s o co-

rrelate the rocks none sec 0 i h os i 

others . 

Bol kesa ( ) 

It s al ea y ee 0 

I C illalo R s 1 e ose 
. ' ' 

wi ched be ween ery h·n 1 
,-

a he o t om (locrll y) h·ck on 



'. . 

op he i ckness 0 rc i o 

up 0 60 m. 

The hick ag orne e co s 0 1 

boulders be l o gi n 0 erl bas 1 . 
separat ed f ro a t i ck s ee 0 is co 

ignimbri e ( approximc Jl 50 m hick) y i 

layer of a sh f l ow. 

The i gnim i s ine rai 

some feldspar phenocr s s ke 

ads 0 .., 

ish li ic 

f r a men s and basal s. h:l. c 

terstically bunda fai ly elde 

per lit ic fiamme of variable s izes re chi 

max i mum l en th of 50 cm. 

ass 0 

6 60 i 

c 

Pet og aphic s u y sho s 

glass with flow andi • T e 

form a wavy curv a ound f e s i ns . Ph no-

crysts of pla ioclase (wi he ol i ocla 

ande sine r ange ) and par i ally i~ 

fiamme are common. 

Another aye 0 sh comes e e 

mbri tic f low :m h~ ove lyi ) . 
su ho i zon t 1 lay r 0 

of i t s s ratigr aphic po 0 c o . 

ca ot be cor e1 Ii 1 0 

\·Ji h he esc r men s 1 s . 0 0 8 

as 1 is un e n. 



Shorima 1 ( ) 

The whol hicknes 0 

200 m, out of I ich he bo oc 

intercalation of a glomer~ e a 

he latter fo r m' n h se e 

o 

is 

1 

is 

tion l i es , conformabl eather d c 0 

material abou 40 m hick Ihic is covered 

a thi n layer 0 ashflo • T is i i ov r-

lapped by a fi e g ai ed basal i e 

agglomerat • 

A dense , r eeni sh- ey , i h 

s i gn i ficant amoun of iamme 1 ic 

flow . The former doe ot sho a cons 1 

mi neralogi cal differnce fro 0 e r evio 1 

discus ed . 

Exce t fo r differe ces in h' knesscs 

uppermos h e pyroclas ic 10 5 n his 

appar en ly cor el e vi b the' 

valen s t e olkesa . 

Shorima 2 (C) 

A 0 b ow lock ' ry ro 'm' y 0 

the eviou sec on s o ~ s 01 0 0-

clastic seque ce (Fig col n ). 
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Three differen oc ic o j~' 0 co 

er le thicknesses t e e 0 

the asalt low . e 0 0 

ignimbrit e 20 - 25 m ic ' 11 -

welded , but st r on 1y Ie here 

It has a lassy oun m ss ,i h a n 

crysts of lagioclase f ldspar. Th .re 

alte r ed to palagonite ar ound o n-

blende , iron oxide and e 

zircon ar e also pr esent . 

emely e~ grai s 0 

Thiu i gnimbritic flow is ove 1 ppe y 

sl i ghtly weather ed pinki sh ig 

small number of poorly developed gl ssy i mm • 

It is ch r ac erized by mi ed 1 ss -

microlite groundm ss i which h eld ic 0 -

lites show spheruli ic e 0-

crysts (oligoclase - a desin ) bicb i con i 

rarely included ar a a em. r 

around gl ass fragme s a e common d v i i-

cat i on to eld pars is also re ue 

The youngest rock i his succ ssio 

poorly consolida ed w a her 

mat erial con ainin some fo ncl 

mainly of bas 1 ic com osi io . co o 

a small horizo t'l.l di n on 

plateau d i e i ers b 0 ocl c 

rocks. 
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60 - 70 me ers 0 120 hie 

,v i cons i sts of a gr ey ' sb 

fa irly- welded perlitic f' n x oli 

basalt . Mineralogic lly and ex ur 

same as t he gr ee ni s co p e 

the wo ash flows in the Bolkesa 0 • 

A 1 m t hick ashflo .; loc lly es s 0 

unit . The l a t er occur s y 

o 

h ' 

5 

which in UTni cover ed by 0 er la er 0 a t'!h . 

A thin subp ar allel perli layer o u l aps e 

younge r ash fl ow. 

The perlite has a r oundm 55 0 

microlite s o Fr agme ts of glass a 

fi ed to feld spar s , ew iro 0 i de 

gr a ins ar e al s o pr ese t . The felds 

somet i me s show spher Iit i c ure . 

1 55 a 

de i 

a hi 01 

mic ol i 

The gr eeni sh-gr ey i nim 

per l i e i s t he same as the i 

color a sect i on B. 

r es i n on h 

The younge s fl ow in be se 

corre l ted wi t~ O S€ 0 olke 

~ 0 Kulumsa Tow () 

This seetio i s 5i u t e 0 

h r o si e 0 h are a 0 

nc c 

d or 
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Di fe r e yrocl s ic rocks ~ 

by a fault with a do 

(Fi g o8 , column ) . 

ro 0 50 
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: S 

The 0 om 15 m of he succes io co ri 

perli i c i g imbri simila o ho 

mbrites of sec ions Aan 

A s trongly wea her ed u ov 

After the deposi i on 0 he 

period of quie sce ce g If ic 

r eddish s oil dev l ope ( a e 1) • 

When volcanic ac ivi y s ar e 

ceous igni brite ( 30 m t · ck) s 

minor interc 1 i on 0 an ash fl o 

ic i 

i s hi 10 

50 c. ick 

a 

layer of perli e (Plat e 2). T i s 10' s 00 

welded and i s cha c e ized y e 

groundmas s wi h f eldspa henoc 

pumice fra ents d asal ic i cl s i ons. 

Kulums Rive (E) 

Alo g he cou se 0 h K iv· 0 

wes 0 Cbillalo a d 0 

of Kulumsa the s g 

10 Bas 1 s d i s follow d Y 

flo", wi hi which 0 

p i ching 0 i he s i c in iG 

bedded (Fi . 8 col ) . 

. 

" -



PIa e 1 . A r ed dis soil he ev a p o of 

volc a nic uisc nc 



a e 2 . Th pyrocl s C Succ ss' on o l u 9 To ( c o D) 
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Ove he 

sli tly we 

mass fe elonga ct 

pl ioclase 

ndes i e) d ew s 0 

Boro a (F) 

t he per co e 

River , The C illalo 

by the erosion of t 

column ) . Qu crops 0 

tinue ups lop up 0 h 

asal s could 

0 erlyi 

he rachy 

5 i 

Ketar River ( ) 

A 25 m thick successio 

Ri ver (sou heas 0 Ase a) a 

road to Ker a shows u 

on either s i de by wo 

(Fi g . 8 col .n ) . 
The f ow ir c ly 5 

side 0 the s Cl 

i ,imbri e wi h -/ 11 

d co nin om 

0 

ili 

ch 

ic 

ine '\10 ic 1 

diffe rn c from mo o os' 1 

ock co-

Y­

o 

c 

r 

o 
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The yo ges d 0 

about e sam le 0 0 

ha e bee due 0 

a priori . he lo~ e js 

e rosio could have 

Which vIe e la e 

latter were he 

hill exposing 

and the middle ar 

The wa e f 11 alan he K<: D. 

place , could haves 1 ed 

of the uf by er os i o • 

Based on he /A ems 

Mor bi ell i e al e ( 975) 

Lower Pl i s oce ne a e was 

(1975), 0 t e lf 

pyr oclas ics in e ex m 

ce t 

1975) origi s have bee 

The wri er is of 

'lolcano was he so ce 

i nimb i es i s obs rv d 

a ou 3000 m. os 

ei f 0 

d 

s es d in h co. 
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The slopes of Chill 10 

,. pl teau area up 0 e ma 1 

ffected by a numbe of s 

s rike of h ri t) Ihich 

the ain escar pmen • 

age ac cor di g to Moh (1967) 

(1 975). T e morpholo o nul 

insigh in 0 the ir nonco 

The f aul s which r o 

escar pment and hos the 

always ver tic al , s ovli small 

from their f ault mi r r or s I 

the se , most of he la 

inclined. Ther e exi sts a 

be twee n he sca s d 

su esting of erosio . 9). 

Ther e w r e r o bly y 

these on t he pl e u which poss ly 

pl ateau py oclas ice . er 0 

cover e h i r 

by a lon er i od of erosio o 

A ic 1 ex m los c 

encounte r ed n 0 
2 km ens 0 'he'O o 

Fulums • 



On the upthrown side 0 a ru 

weather ed i gnimbri e direc 1 r es s 0 

Basalts , while the downthrow l ock sho s a 

jointed i g i mbrite betwee he tlO dif r n 

r ocks (Fi g. 10) . 

Thi s s ituat i on migh be e al ai ed i 

fol l owing manner. The basalt low as ' spl c 

by the fault prior t o the erup ion of e 

ignimbrites . Subsequent to his even the 

i gni mbrite in t he middle i ssued hroug he aul 

and was depos ited on the lower topo r phy . 

absence on the uplifted side probably was 0 

the high gr ad i ent produced by he aul d Y 

the original topogr aphy . 

Afte r all the se event s , the younges 0 

which shows a char acter stic wes w d hi 

(Plate 3) er upted, pr obably fro ano er f 1 

located upslope and covered the wo 

The products of the se 01 a 1 

d id not al ways f l ow on the up ro 

5 . 2 . 1 . 4 . M in e scarpment alts 

Basaltic r ocks r e su ordi 

with the plateau i ni ri es. 

oks . 

si 

o c 

o 
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Pl a t e 3. A westwa rd thinn i n i 

old pla te a u f aults 

r o 0 e 0 h 
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, . . . ~r . . 

in the top parts of t e hi h 

t a t e the r i f from he dj ce E 6 E.r 
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o Pat chy occurence s of h s b sal s 

no t ice abl e aroundDuna(SE 0 Ase l a) 0 e\::: o 

some stre am channels and on 0 e s i C 0 

This basalt mi ght be olde 

main e scar pment s ince the f aul t hr o 

issued i s pr e sumably 01 er th n he mai esc 

me nt a 

The main escarpment bas 1 s S 0 a al i 

p ar al l e l i ng the r ift , which i s sug s ive 0 

1 • 

eruption from the se gig~ntic f aul s . 

superimposed by scori aceous cones a l so elon a cd 

in the same trend . 

As in the Chi llalo Bas Its , ph po 

r itic , vesicular and scori ceou v 

observed o They are , however , ypie 11 d k 

p or phyritic f eldspar ba al s . 

The gr oundmass i s compose of 

microlite s , iro oxide , pyroxe e oliv ' n 

phenocrysts ar e pla i oclase (L 

occas i onally zoned olivin 5 

i 0 
The s e 

s ucc e s s ion of he plate 5e 

thr ough the f aults which eu e oel c . 
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. 5. 201 070 Rift flo or pyroclastics 

These are the oldest of h t 0 ocks ou -

crop ing on the rift floor t e sel 

major types have been ide i e 

compact i gni mbrite con f e ... 

we l ded , small fi amme and small i clusio 0 

lithic fr agments 0 Domi na tly,i cops 0 a 

Deneba (northwest of Asela , ere e a F ) 

and at Dugda (southwest er n part of be rna eo 

a r ea) 0 

Petrographic all y , it i s no all di 

from the i gni mbri tes of the pI a au . I i s 

r 

and cons i sts of feld par phenocr 6 6 d vi i i 

gl assy f i amme and few inclus io s . 

Another i mportant ock 0 r 

an unwe lded pumiceous rock con 

pumice and a small amoun of Ii h'c i 

l oor i'" 

A significant outcrop of this 10 is 0 0 

a horst i mmediate l y eas of S ~ m 

of these rocks ar e ssocia ed ' h 

of volcanic a bo 

The ri t floor ocl s ic 

affected Y the 0 'i 

in the sectio 0 ec 0 c 

thickness of hese roc 5 is 0 

o· 

i 

h 
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of minor horst s nd scarcely ac l! S 0 

10 clear str tigr ph ' c r ele io 

exist betwee the two fl ows d s 

de te rminations are l so lacking . ( 967) 

cumul atively gave an Uppe r Plioce e age 0 

the rift and pl at eau i i mb i es 0 ou be 

centr al Ethiopia . Morbidelli et al e (1975) o ' n 

out (f r om K/Ar ge det er mi a i o) ha e 

activity of Boset i Mountai in the 

Rift started l ess than 2 m.y. go . ( 972 

a lso suggested a Pliocene ge e Howeve be 

that the pyroclast i cs i n he rif 0 

ar ea pr edate the Wonji Faul Bel (1 .6-1 .8 . y . 

old, according to Meyer e al e 1975) s 

clear o 

5 

Ment ioning the abse ce 0 clea e e 

centers , Di Paola (1972) su es e 

origin for th se rocks . I his 

is taken that they rous have iss 

faults and f i ssures which were 1 

younge r volcanic r od c s n 

beyond co nizance by he yo 

Bel The ossibili Y i s h so 
0 

faults co ld s ill be exis en 

dist inc io ecomes ic 1 . 

0 

d 
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I n gener al he pyroclas ic oc 

ar e a have s i mi lar mi neralogic 1 

though t hey di ffer i colo 

and the deg ee of consol i d 

in common vit ric gr i s un efo 

(: 

ments and cryst als of pIa i oclase f el 

(Ol i gocl as e - Andesine ) with 1 ssy a 

microl i t i c gr oundmass . 

5. 2 . 1 . 6 . Ri ft f l oor basal ts 

- 50-

o 

The r ift fl oor basal ts ar e he yo s 

rock s i n the ar ea and they show I i ca i y 0 

d i s tribution par allel i g the 1 s ike 0 

the r i ft . The i r s ource s were mai nl 

f i ssures d f ault s wi h some smal s 

which pr eval ent ly erup ed sco i aceo s i 1. 

These basal ts bel ong 0 he t Wo ji ~ i e I 0 

Meyer e t al . (1975). 

I n gene r al , th Y have scor CeO S s 

Ol i v i ne and plagi ocla e elds ( 

ph noc r y sts in gene lly ic 01' c 

In the ve s icular varie ies s 

cular u ward i nc e se 

v" Di Ie~·ahd · 

io ! · ", 0 

ing a f uIt - ou e has ee 
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hor st ( about 1 km Vii e ) as 0 

Marsh o The Vie s er hal of t 

f ault s car on thi s side sho b 8 c oc 

while t h eas t er n a f a d c 0 

s i de ar e entirely compos 0 i ic 

A po s sible cxpla J.tio could be e 

r ite wa s was cover ed on he hal 

ho r s t by t he bas alt fl ow 0 a 8m 11 ma i 

which poured f r om the faul 0 s i c . 

5. 2. 2 . Te ct onic s 

Faulting is the pr epo der n ec 0 i c 

that ope r at ed i n the ar ea. Fault s 

a f f oc t ed t he r e gi on , with a deelini g i 

rift to t he plat e au . A ge er a l de er e se 

f aults from the pl at eau t o the i i s evi en . 
Fr om t he examination 0 

the olde s t fault s ar e those 0 he 

the young mi nor post- ealder i e f a I s c 

the i nt er i or of Chillalo Cal de a . S cb 01 

bc~ n obser ved ar ound the tow 0 ee l 

on the s l ope s of Chillalo u ai . 

f e atur e as al r ead y s a cd ~ fo e s a 

e r os i onal r e cess i o 0 t he s e c 

an l e s wi th the ver i e 1 pI 

rno 

1 

0 

oc 



The ir trend i s pe r s i s en ly s i il 

Mos t of them ext end over a 10 

In gene r a l , they a e s r a i gh 

The ve rticRl drops mostly amount 0 

which , mos t pr ob ably, do no t r epr e se 

or i ginal magni tude . 

o h 

( 

(;s 

- 2-

o 

6 

1 

fe T e S 0 

h nc 

The observation that f aul i ng i RS l ess in 0 

th8 p l a t eau than i n the r i f , does 0 eces~arily 

pr elude the possibility tbat tber e w 5 a 

of faults i n the fo r mer (tha a pr se ) 

oblite r at i on o 

ea 

The second oldest f aults ar e those 0 e m 

esc8r pment which produced tbe existin el e io 

d i ffe r ence between the rift floor e 

the ar ea studi e d , t he soutber por i o 

es car pment i s const i tuted b ries 0 o m 

faults , ( al w s t alway down h own wes) , ' ch 

desce nd to the rift fl oor . or tbw ds 

singl e f ault s c ar p with br ows h 

200mo Farther north witbi t e r e1 

c 

e 

du lly , t o continue ag i n in an e ec lon r.l 

The rift portion is affect d Y 

syst~m of structure s which ul 

8nd gr bens upto 1 kID id i h 

the mar ginal esc ar me a 1 s . 

i 

d 

o 0 



These f aults are gener lly 

sc i ssor type , norr-:al , s ep f a 1 S Ii s 

(up t o about 30 m) to the wes as lell as 0 

They ar e mostly curvillinear and sho e 

styl e of arrangement and th y belo g 0 h 

Bel t of ~ohr (1967). 

i ally 0 

- 53-

1 

Some of the grabens have , p 

turned into swamps (Plat e 4). The a a Ii S 

the wes t e r n edge of the ar ea is ical example . 

Aerial photogr aphs of the area indica n 

e 

o 

rive r channel , truncated by faultin . Meyer e 

po inted out that this was the old cou se 0 

River to Lake Zway . 

1. (1 7,) 

y 

The youngest faults i n the r ea e bose c 

so e scoria cones on the f l oor of the i 

poss ible that the r e ar e undetec ed fau s 

the se . 

The top part of Chillalo a es (lc i 11 

i nte rio r of the caldera, is affec e Y 

pr obably triggered by the c ivi Y i 

Ve ry f ew gapping fissures ( u o 1 

is sue d basalt i c l av , are Iso 

valley . They show no ver 

In addition , he i e ior 0 ill 

n evident manifesta ion 0 os - c 1 e 

) 'jl 

0 

o 

C 

i 



Plate 4 A gr a ben which turned into a smal l 1 k 
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act ivit Yo The f i ssur es are r adially dis os d 'i i n 

outs ide the calde r a . Trachytic dykes -hich o 

e is wal l - like and plug- like structure i 

Mohr & potter (1976) r elate these plug-1i dyk s 

the Sagatu Dyke Swarm of the Eas 1a ea • 

The margina l easter rr escarpme d 

Bel t follo w a general NNE - SSW s rike 

late r al di spl a cement . ~atellit e ima eries 

indicate that , one such offset took place 

latitude of Ase l a . At the same place , h 

y 

the Easte rn Esc ar pment could be see swi gi g 0 E. 

Thi s fact was al so observed by M yer e 1 . (1975). 

The e l ongation of Chillalo 'rolc 0 

the rift mi ght be ascribe to an inf1 ence 0 

we akness along the posit i on 0 hi s volc 0 

i n itiated prior t o the er uption . Th ou 

lavas , at least part i al ly , we r e possi 1y 

line of we akness . 

A .gener al p icture of he evol i o 0 

that i t was ori inally a wide 

lately became r estric ed 0 a 

deepening . 

on 

11e1 0 

, ic 

c 

o 

o 
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The diffe r ent stage s of the volca 0 - ec 0 c e 

which took pl ace i n the ar ea , can r o gh y 

as f ollows o 

s 

1) Ghill alo Bas alts er upt ed fir s 

t r achybasalts and finally y r achyt s . 

2) The pyr oclas tic r ocks of the la a ssu 

thr ough old , pl ateau faul s . 

3) The mar ginal esc ar pment came i to ei y 

major phase of faulting , vJhich also e 

two olde st rocks of Chill 10 nd the 5 cc s i o 

of the ot her pl ateau r ocks . 

4) Basalt ic l avas poured t hrou h the eSCB 

f aults and the associated cones . 

5) The rift pyrocl ast ic s erupt ed r o s 

and f aults o 

6 ) Pyroclastics of the rift wer e i 

f or ming grabens and hors S j a 

y ul 

7) Basic volc anism stric ly l i i ed 0 

Fault Belt (which af f ec e 
he rO 

~o j i 

p ocl. 

deve l oped o 

In t he ar ea , ther e was a ge eral m 

volcano- te ctonic activity f r om chillalo 

This i s indica ed by t he su 

r ocks of de creas ing a s i this 

in the a e of volcanic s dir ec e 

lle 

Fault Be l t has been shov fo 

Ethiopi an Rift by z e i n 
J s 

-

io 0 
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5 I1S 

6 .. soil Formi ng Factors And The Soils Of Th S T e 

Soil is an ext r emely complex syste w ich osses 

a l arge number of physical and chem i cal charac cs 

which are functionally r elat ed t o five so i l 0 

fact or s : par ent mat erial, climat e , biology (0 ) 

t o ography and t i me (age) . These f actors are 0 d 

nature in a gr eat v ariety of constell tio s . All 5 

ope r ate jointly and each contributes to h charac c 5 

of the so ils fo r med . Neverthel ess, the si 

of each facto r differs fr om pl ace to pl ce o ve 

conbinat i on of the five factors of soil fo 

ri se to a cert a i n s et of soil properties 

one of them shifts t ~ e t r end of soil dey 

r esulting in a new set of ~ropert ies . 

The di ff iculty i n the fiel1 ri ses 

ment of maintaining four of he fi .ve soil 

i n orde r to asc ertain the nature 

vari able f acto r on the r ope i es 0 

i 

f ertil ity status in the pr esen c ges ) . 

Eventhough it i s very difficul 

condition satisfied in na ur , 

has been attemp ed i t hi S 9 

fact ors ar e simulta eo ly ope 

o 

e 0 5 

h c 
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and many othe r s i milar studi e s f all s or of 

definite statements ~ertaining t o tbe exi s e l a i o -

ships be tween soil properties and a ive ac 0 of so 

f ormation o 

In the Asela , the r esult of t he i trica e i e -

. action s among the se f actors was to ~roduce if erc soi l 

types with di ffe ring chemical and pbysical pr oper i e s 

and hence with differing f ertility status (Fig . 11) . 

In gene r al,disregarding the soils of he mo a 0" 

area to which emphasis was not given , t he f olloltli t r e 

major and t wo minor soil types could be i 

the study ar e a .. 

i i ed i 

1 0 The dark _ dark gr eyish brown - dark brow soils 

constitu~e a very i mportant soil unit , es eci a y 

in t e r ms of their l arge spat i al extent. 

the ar ea around ~!:d south of the town 0 s 

extending southwards on both sides 0 

way upt o the northern limit of AS 1 

-

t hi s l i mi t , they cease t o e o e i 

the road " but dominate the fields 

and southwe st of the town . They also occ 

lowl and in a ver y low propo io • 

These soils develop on si e s 0 

(~oorly dr ai ned - i mperfec ly 

depressions and flat - almoS 

r 

1 

. , 

s ro 

o 



slope usually l e ss tha 10 p ree 

internal drai nage within he so' l 

i mpeded , 

o 

When dry, the d r k - dark r ov so i ls 

20 em) and de ep (upto 80 em) c 

they also show sl i ckensides ilg 1 

Texturally they ar c found 0 be mos 1 

out the prof i l e and ver y r r ely cl yloao so 

within the pr ofil es (Table 1). 

Due to the ir high clay content , hey s 0 '/ 

r e taini ng capac i t y but poor transmi ssio . 

t e s t on the se soils at the Asel a lives oek 

a value of 0 .1 em/ hr . 

2c Anoth er i mpor tant soil unit wi hin he 5 rvcy r 

c ompr i s e s the r eddi sh upl and soils 

brown) . Fr om the norther n e d of se a 
he k -

dark br own so i ls gi ve pl ce 0 h 

The l at t er cover both sid s of be 

through the ar ea . They ar mor 

wel l drai ned f oothills of C illalo o 

whe r e i n drai nage condition becO es 

poor ero Farther e8 St , tb y ar 

soils of the mountain. The valley 0 om 

v 10 
r egime of the se soils , hov eve 

0. e 

soils . 

j 
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T.'\bl e 1 

T e xt u r -= PH I ~ vai l. P ~ va il K 
Exch. Cc \ EXCh. Mg \ C . E . C . 

fi I Dep t h I San d '~lt r~a y 
Descri- p rg . r"a tte r Tota l l'! 

o . ( cm) % p ti o n % % PPm PPm 
Me Q/ 10i Me q /l00g tv',eq /100g 

9 Soi So il Soil 

.-

0 -70 31. 0 34 .0 3 5 00 cl. l oan 4 . 8 5 6 .90 0 .308 2.7 1250 24 3 39. 

70 -11.0 1.1. .0 1.0 00 79.0 cl a y 6 .15 0.35 0 .04 2 7.2 750 " 45" 5 44 . 6 

110 - 155 14 . 0 21 . 0 65 . 0 cl a y 7 .05 0. 52 0.042 8.1 1000 42 3 45 . 

i1.55 - 240 15 . 0 26 .0 59 . 0 cl Ry 6 . 90 0 . 59 , 0.028 5 .4 750 30 10 

'1 . Sa ndy c l 

0 - 1.5 51.. 0 r'O \ 25 . 0 loa m \ 6 . 4 0 
0.17 0 .0 28 3 . 6 500 1 2 7 

81..0 1. 2 . 0 7 . 0 l oa m s a n 6.70 0. 79 0.070 1.. 8 1 500 10 

2 7 . 0 l o~ m 6 . 0 5 0 . 3~ 0 . 042 4 . 5 1.000 25 7 

7 . 0 r'O \"7.0 r GY 
4 .7 5 1.. 04 0.070 8 . 1. 1000 ~ I 8 2 

9 . 0 1 6 . 0 75 . 0 c l a y 4 . 90 1. 79 0 . 09 E' 10 .8 250 12 

. 0 32 . CI 2 7 .0 l O'l m 4 . 65 9.59 0.490 nil 1.000 

0 
7.C r'U 

\ O"U r a y 

4 .80 1.4 8 0.0 70 nil 500 10 

2 . 2 27 ., 50 . 4 c l a y 4 . 65 1.55 0 . 084 n:'l 500 

1 . 0 3~ . 0 . 29 . 0 c l. l onm L e5 7 . 9~ 0.280 nil 250 ')c;: C) '<0 . 

. 90 2 . 7 0 0 .126 1 . 8 750 )9 

. 00 2 . 76 0 . 112 n11 500 30 

AS 0.098 9 . 0 

o --- ~4 .. .,. .,o;.n ,s 10 

7 . 73 0 . .: 

. 07 o . noA I Q 0 250 )0 

0 . 01 0 
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Dep th 
(em; 

1 2 5- 60 
80 - 100 

1 
0 - 25 

35 - 60 

I 0 - 20 

20 - 40 

0 - 20 

0 - 25 

0 - 3 . 

30-60 

120- 50 

Sa nd 
01 
10 

33 .0 
25.0 

27 . 0 

13.0 

22 . 0 

21.0 

35 . 0 

39.0 

29 . 3 

21.3 

21 . 3 

15 . 3 

:;9 . 3 

-... I • ..> 

! 
" 1 

~ . 

T' b l c 

28 . 0 
22 . 0 

32 . 0 

14 . 0 

35.0 

28.0 

3 2 . 0 

36.0 

45 . 0 

43 .0 

. 0 

\15 .0 
15 . 0 

1
3 7 

29 . 0 

I '):> . V 

i 
j .. 

\. . ~ . 

1 c f' nt ' d 

. \ -J ..> 

J 03J 

o~o -ji 

o c ~; .;J 

V·i'· 

o 0 (~ 
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d< c,.'l 
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r-, ~ 
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I 0:. "1 ... 

Q Od..'l 

;COI J 
ll,,;d \ _J or) . 

j,lJ 

De s cri- /PH 
ptio n 

lorg • ;atter I Tot ; l N 

39.0 CI. loa m 7. 25 3 . 62 00168 
53 . 0 Clay 7.05 3.07 0 . 126 

41.0 clay 5 .5 5 4 .5 2 00295 

73 . 0 cl a y 5 . 50 1. 24 0.112 

43 . 0 clay 6. 40 3.93 0. 182 

51.0 clay 6.4 5 2 . 24 0.140 

33 .0 cl.loam 6. 80 3.93 0 . 182 

25.0 loam 6 . 35 5.00 0 . 210 

25 .7 7.25 6.5 6 0 . 294 

35 . 7 Cl . l oam 6 . 70 3 .11 0 . 154 

39 .7 " 6 . 55 1. 73 0.11 2 

63. 7 l ay 6 . 30 2 .35 0 . 126 

69 . 7 7.30 1.59 0 . 0 70 

25.7 l oa m 7.50 3 . 31 0.168 

21. 7 7 . 90 0 . 17 0 . 028 
11 , • , I' . IV 

~ • -11 0 . ~90 

" ., en c ~r.. 0 . 266 

0 . 22 ' 
O . _. 

0 _ 1(0 

0 . 09~ 

0 . 55 0 . O~2 

! : 

'- '! ] 

- \ . ( 

IA •• i l. P IAVO" Ko IEO.h o C. I Ex.h. M. 
PP m PPm Meg/l00 Meg /l00g 

g Soil \ Soil 
---

11. 7 75 0 "60" \' '' 10 '' 
10.8 1500 "5 8 " 2 

801 1000 20 1 

11. 7 750 26 ! 4 

10.8 750 30 ' 1 

9.0 5 00 37 1 

6.3 75 0 30 10 

5.4 1500 23 1 

9 . 9 1500 25 

11. 7 1000 32 3 

nil 1500 2 

n i l 1000 30 

I 
5 

1.8 1000 3J '1 

nil 1000 28 , 
0 . 9 1500 ~O 

3 . G 1500 :l .S 

ni l 1500 39 2 

n11 1000 20 

0 . 9 SOO ~O 

n11 750 

C.E .C . 
Mcg /100\ 
Soil 

4 1.6 
46 . 0 

3-, • 

3 7.6 

38 . 0 

39 . 

4 1.0 

2 

,.2 . 0 

. ,3 . 0 

~ '1 , 
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bIt.' 1 Con t inu ed 

T ex t u r e PH org.MnttEr I Tot~l N r VEO il..P \ 
. . . Exch .Ca \ Exch .Mg 

\ 
C . E . C . 

Ofi l Df'P th ::>an d I S~lt Cl a y D,· s c ri-
~va ~ l . K \ ~eq/100 t-:ea /l00 Mcq / l00 

01- PP m PPm S '1 

No Ce rn } ,.~ % p tio n 
9 o ~ 9 Soil 9 Soil 

0 - 25 27. 3 35 .0 3 7.7 Cl. l oam . 4 0 2.76 0 . 112 n i l 8~-1 18 1 2 34 .0 

25 - 50 25.3 29 . 0 4 5. 7 Cl a y . 20 1093 0 . 084 nil 750 38 2 39 . 4 

5 0 - 90 21.3 19 .0 59.7 Clay . 90 0 . 90 0 . 056 7. 2 1000 " 46 " " 19" 4 2 . 0 

. 23 ' \ 0-2~ 19.0 22. 0 59 . 0 Cl a y .8 4 . 48 0.164 8.C 

24 - 0 -2 fl" 34 . 0 39 .0 2 7 . 0 Loam . 4 0 . 264 8 . 7 

• 25" 0 -1 5 4 8 . 0 25 . 0 2 7.0 Sa ndy .6 3 .5 2 0 . 346 8. 9 
Cl . l oa m 

26 ' \ 0-20 

\ 
34 . 0 \".0 1" 5 . 0 r, a y .0 4 .5 0 . 223 

27 · 0- 2 ~ 24 . 0 3 7 . 0 39 .0 Cl . l o em . 1 4 . 2 0 . 189 8.1 

, 28 " 0 - 20 22 . 0 38.0 39 . 5 Cl.loum . 3 4 . 31 0 . 248 9. 2 

o 
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Despi t e the ir clay 

be c use t hey occur 0 mo 

These soils form dee p 0 ilee ( 

some t i me s mor e ) which ar c 

of co l or mostly throug ou 

) . A ver y h igh proportion 0 

study ar e a is occupi ed y an 

t he dark br own - dark yellowi sh 

t ende ncy t o~~rd s gr ey_ Tex ur all 

l oam t o clay loam and clay 

sand and s ilt than the pl a eau soi 

t he y a r e sai d t o possess ood wa abeo 

t r ansmit i ng capacity. Besi es , 

r ocky surface s . 

One of the mi nor soils in h a e 

soils - may be consider ed as 

val l ey s oils . This is owing 0 

st r ongl y r e s emble the l at e 1 

hey a r e per manently wa er s ur 

cons ider able surface area i some 

The s e cond minor so 'l co 

deve lope d on smal l seoriaceo 

bas al ts of be main sea me 

developed profiles r es 1 

The s lope condit ion h s 5 

o 

i 

o 0 

o 

co 

o 

o 

o 
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deve lopment ln t r ms 0 0 d 
into horizons. It as a so 

exist i ng soil, by shee as y 

by wind on the windvJard i es 0 

various pr operti s of e soils 

ar e the net pr oducts of sev 1 5 5 0 0 

of the soil forming fac or s . 

Inasmuch as soil fer ili y 5 r 

pr operties of s oils, i t is b h 

subject to the l aws i n rhich t e Be 0 8 0 

formation ope r at e . 

The following chapte s 0 e evo 0 

ralized qualitat ive a d semi - qu 

of the i nhe r ent fertility sta us 0 

ar ea and of their r e l at i on hips i b 

which brought them i nto being. mp 

wi tho ut go ing to a l en thy exc sion 

of so il - p l ant inte r actions , 0 x 

of each f actor on one or mor e 0 e 

fac t ors (such as pH, + a 

inherent f ert ility as a w ol e . 

6 . 2. Fertil ity 

The term s oil f ertili mo 

o phys ical and chemic 1 xcell 

grow h. 

EC ) 

e i 

o 

80 

0 

80 
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The phys i cal aspect of fe 

includ~ i ts workability whic 

t exture and s t r ucture and i ts 

prepar at i on r equirements (510 e , soi 

ne s s and rocki ness) . 

The inher ent fertility status (c ic 

on the othe r hand is a measure 0 

bil i ty of plant nutrients . 

e 

Each physical and chemic al f ac 0 0 

discus sed in the fo llowing sec i ons. 

cl assif icat i on of the soils of the s u o 

cat egorie s of f ertil i ty ct atus i s ased 0 0 

we i ghted ave rage of five chemi cal ar me c s : 0' 1 

r eaction (pH) , cation excha ge ea aci 

mat t e r content , available phos horus 

pot as ium (Tabl e 2, 3 and 4). T 

mainly taken from depth of 0 - 25 em 

fr om gr e a t e r or l e sser dep hs . 

6 . 2 . 1. Wor kability 

6 . 2 . 1.1 . Textur e 

With he exee 0 0 

(two sandy e ay 10 

all soil f 11 i 

clay , loam and cl 10 

( 

i 

) or 

i l 1 

c 



. r .. , .. 

, ' . ' 
.. .,-

. " ' 

? -
t; -

Inher ent Fertili y R ti gs Fo To 0 

(average 0 - 25 cm) 

--
CEC 

file pH meq/1 00g Organic vail. P 
il"O. soil matter% p 

1 1(4.85)* H(39 .6) H(6.90) (2 .7) ( 250) 
2 H(6 .40) H(33 . 2) L(0 .028) (3.6) (500) 
3 H(6 . 05) H( 39 . 6) L(0 035) JJ(4 . 5) H(1000) 

L(4 . 75) H(35 .0) M(10 04) (8 .1) H( 000) 

5 L(4 . 65) H(36 .8) H(9 . 59) L(nil) H(1000) 
6 L(4. 85) H(40 .8) H(7 .94) ( il ) H( 250) 
7 M(5. 00) H(44 .6) M(2 . 76) L(nil) (500) 
8 M(5. 60) H(37.2) H(4 .14) H(11.7) H(1 250) 

9 L(4 . 95 ) H(35 . 2) H(7 .73) H(10 .8) (250) 
10 H(7 . 20) H(43 .6) H(100 01 ) M(9 .9) H(750) 
11 H(7 . 25) H(41 . 6) H(3 .62) R(11 .7) (750) 
12 M(5.55) H( 34 . 6) H(4 052) ( .1) ( 000 
13 H( 6.40) H(38 .0) H(3.93) H(10 .8) H(750) 

H(6. 80 ) H(41 .0) H(3 .93) M(6 .3) H(750) 
5 H(6. 35 ) M(23 .8) H(5 .0) (5.4 ) ( 500) 

16 H(7. 25) H(32 . 6) H(6 . 56) (9.9) ( 500) 

7 H(6 030) H(42 .0) M(2.35) L(nil) H(1000) 
"8 H(7 . 50) H(41 . 6) H(3 031) (nil) ( 000) 

3 H( 7. 70) H(31 . 6) H(9 011 ) L( .6) ( 5(0) 

0 rlf( 5.45) H(37 .8) H(4 . 52) (0 .9) H(1000) 
1 M(5 . 55) H(36 .4) M( 2.48) L( il) H( 0 ) 

22 H(6.40) H(34 . O) M(2076) L( il) ( 75 
23 I( 6 080 ) ND H(4 048) (8 .0) 

., 2 .( 5 .40 ) ND M( .7) 
25 (5 060) ND H(3 . 52) 1(8 .9) 

M(6 000) ND H(4 . 50) 
H(6 010) ND H(4 . 20) (8 . ) 

" 
2 H(6 03) H(4 031) 1(9 .2) 

~:: 
ND 

~ . 

aver age wi thi pare t hes i s 
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,. . It: 3 - Levels 0 f erti l ' y 0 

The Inherent Fer i li y 0 0 

(Modified a t r ' 80 ' 1 d In. d r 

trai ing roj ec Phi lli (; 55 ' 1977) 

~h l e 4 - Ke y to evalu .te Inher e Fe ti i Y of 0 

Trr.' rent f ertility 
~t atus 

~!ry high f ertil ity 

i h f ertili ty 

1 !d ium ertili y 

Descript ion 0 

Four foe high 

Four f c ors h'gh 0 

f actors high , 

23 - 28 , wo 
wo ac 0 s hi 

Thr ee f 

fac ors 

s pl es 23 
fac or hi h 0 

o 

"0 

c 0 

oil 

o 

o 



i s an iso r o e 

varia i o s i 

t extural separ a es 

r ee o izable . Ther e i s 

towards r e l a ivel y hi) r 

and lower pro or i on of el 

(rift valley) s oils t i 

/ Out of ninet een sampl es 

e leven showed clay co e 0 

while only five out of he 

sampl es from tbe ri co 

cent of clay. The soi ls 0 he 

hills on the plateau (e s ce i ally 

exhi bi t Very bi b amoun 0 

The vertic 1 var ' i o 

expre ssed by a ener 1 i e 

and dec r ease i s d 0 a 1 

o 

the pr ofiles . i mum con en 0 el y oee 

near the bot om of h or 1 

commonly in the i ddle . T e vcr 

holds true for e sa d rae o . 

T at be s o ' s exee 

surface s such a hi lls d 

deve lo ed om bo h i s 

(alluvial or col l vial) 

discussed n 1 er 5 e 

o o 0 

1 "11 

2) 

o 



I mpo is 

materi al 

the pl a e u h i 

ascribed to h eo sid 

to c neentratio 

incised channels. 

depos ition of w tho g 

r ocks of Chi l lalo 0 

ward i ncline u lan c~ . 

hand, a higher e ce rive 10 d 

(dissolved, suspended a c i o 0 ) 

togethe r with eolluvi 1 ma e i 1 

on the rif floor. Howe er , i 

no tic ed that little or no bin s p 

deposited on hor sts , vole ic eo 8 

terrace s ( i n he rif) ic s 

le~e l of depositio • 

It is rue th t be asic d i 

volca ic pr oduc 5 0 Choll 10 

riche r han t e yrocla c 

weathe r to r o uee bea 

(pl agi oclase f el s r 

However , as me 

zat i on of draina 0 d 

the plateau 

latio of h 

o not allo 

wea be i 

Cl C 

co 

r o 

r 

n 



h i ghland. T i s i 

of the se rocks 0 

texture . 

ur 

e 

De spi e he ir s i mil r 

and vitric fra 

z 

e chemis try which i s also 5 

(Di Paola , perso al co 

plate au and rif 1 i m i 

cons iderably diff ent i 

o ) 

The samples com ar e 

simil ar microtopogr aphi c 5 ces 

sloping) but the a e 0 he pl a 

rift pyroclastics , he 0 

fall and t emper ature ar e co side 

r ent 0 

-7 -

o 

o 

(fl 

U D. 

he 

01 

( 1 c 

o 

o 

Si nc e the ph h k 

on which t he pr o ile s e s c co 

one or more of the hree 

should have domin tly 

t extural vari io . 

The f actor ,0 

t an t in weat 'e 

should be know ha 

i me s 

so ' l 

v y 0 

no t ne ces s rily hav oduc 

well de veloped soil ) . 

the erosi o 0 soil ove 

o 

o 

c 0 

1 

i 0 '-

(' 

oc co d 

v • 0 
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time mea s soil 0 . 
phe nome na, ho ever e 0 

facto r s : density of 

the t ype of p r e d cl' 

Bec use pl s i c 

olde r tha those 0 (; 0 

pe r i od of weathe could 

:to the di f fe r nces i h 

fo r med on them . Besides , even h 

been me ntioned tha he 

cts of Chi llalo r ock co ri u 

t he ir cont r i bu i o of mi 0-

c l ase over an ext en ed 0 0 i co 

have amounted to somethi 

The hi gher densi y of e io 

abund ant r ainfal l on he pla e ic 

weathering fas t er r 

The heavy t ex ure of e 1 

s i t uat ed 0 the fl a 

gr aphy could , the b 0 

r ate and a l on 0 c c 

weat he r i n of the 0 c 

and wi h be s 11 
0 

addition of disin e at'o 

Chi ll 10 r ocks . 0 e co 
, ' 

ly h i he r nd con e 0 e v 
s 



soils could e 10 i 0 

we ather in 

ct . Secondly , he ave 11 

lly favou s erosio 0 c 

depos i ion i e ri . As c 

is carried in s spe sio i s 

that most of i '1 

study ar ea o be e osi d y 

Zway whe r e t e area r ai 5 o . 

hand , mos t of he ~ and a d 0 50 

get eas i ly deposited h 
, , 

r esult i ng i n a r e la ively l' } x 

add i tion to t hi s , r opic i 

fore s tat i on and cul iva i o 

wi nnowi ng of t~e fine frac io 

fac e by wi nd . 

on 0 p i 

of the scor ia co es 

ment ) is attr ib cd e c 

is unfavourable or c (; ic ( 

c use wa er is WRS E::d 5 

t o the r emov 1 of he c 0 

: ~ ! ' .. 

ly enriching he soil 0 

soils on fl surf c 5 

, . 

show x 1 i f 0 
no 

lain by ignim ri E::S . 



6 02 01 020 
\. 

The e e al 

clay fracti o i mos 

ransloc t i o from 

lating wa er w ich le 

sand o Besides hl'S d " , epos 10 

the t op soil raise s i s amou 

i s more i mport n in he 10 1 

-7 -

Fr om t he a 0 e iscussio m I 

concluded that ver t·c 1 c so'1 

is due mai ly to r ai all (cli ) 

gr aphy , while 1 e al v ri s 

the combi ned i n lue ce 0 ( 

Is the vegetation) d h 

d i ffernce between he o ic 

causes r emoval of rna e ial 

depos i t ion on h other. s he 

influences the clime e d 

vegetation , it seems e sm 

textural distrib i on 0 b 

dominantly by the opogr Y 0 

structure 

Soil s uc ure 0 0 

assumcd by 0 

It is there ore 

extureo It i s Sl co 01 

o 

c 
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the kind a d arno o C j 

mois ure eo e t 0 soi 

The da k - d k 

pri smatic and occasio a 1J 

blocky struc ur • Eve hou 

partings could rovid 

circulat i on, the hi h clay 

r al ly poor dr inage condo i o 

puddling of the gr o d an 

collapse of the s rue ures 

seasons . This m kes plou hin 

\{hen dry , hey devel ope ide 

As a r e sult wor kin on hese 

again pr obl emat ic • .I 

The r eddish br own soils 

bear t extur A.l r esembl nc 0 

I nspite of he i comp 

t he slo e s on YJhic occ 

age 0 Be c ause 0 

hinde r operat i o 

his re~so 

r ainy seaso 

dryin in he 

The lowl 

the aggre es 

r ally small. 

( 0 

se ce 0 

d 50·1 

he 

here o ~ 

o have be er WO 

s 

s 

be 

y ( 

-7 

ery 

soils b co 
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eas ily). Their 

( as expected r om hei 

them easily workable . 

The str cure ei 

the t exture , he nc 0 8 icb 

latter must h ve 

In conclusion h 

soils in the As l a is co 

by the topogr aphy w 

ope rate ~ jointly wi h cl' 

Land Preparat i on Requirements 

Sl ope 

h 

) 

co 

Flat and almost fl a soil s f 

-? -

o 

r 

land pr eparat i on for subse n r 

be tte r than soils 0 sloping 

aspe ct the dark - dark soils 

and Asela d most of he lowl nd so 'l 

than the r dd i sh soils 0 he a 

deve loped soils of he volc 

I'1 c r s h soils are ot u e 10 ( 

practice s are onduc e 0 he ) n 0 

r em r ks s eem ece ssa f ho v c 

par ially draine o 

crops like rice , h slo e co o o 



pr ob l mo The slope c 

t he ar e a t o ~opo phy . 

Thickne s s 

The thi ckness 0 soil is gO Y 

weather ab i l i ty of t he par e m r 

s ity and durat i on of ac i o 0 

(tempr at ure and r ainfal l) , b he bio i c 

and by the t opogr aphy. 

Eventhough i t m y no be co 

clus ive r emark applyin 0 11 he soi s 

ar ea , ther e exi s ts an i nve r es fu c 0 1 

b e tween s oi l dept h and sl o e an I e 0 

which the pr ofil e s r e s i ua ed (Fi . 12 

be cause wa t e r doe s not e a i 10 co 

the p~re nt mat er i a l 0 surf ce 

thus mi ni mizing chemical weB 

the ex i st i ng hin soi l l ay 

In t e r ms of de t h , the 

ar e s i gni fic ant 0 The if 

100 cm in hickness o h ' s 

he r i f t va l ley r e yo ge 

eau and hence he e as 

t hcring . 

-77-
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When co s i deri er ili y 0 

thickness , the da k 0 

plant r oot ing e speciall 0 05 

go ing be low the op 5 0 '1. This e1 5 

nutrients nd water from 

The variat i on i n t ic ess s 0 so 
the ar ea 1S a r esult of ai ly h'c 

climatic vari t i ons . 

Stonines s and r ockiness 

The vol ume of stones a d oc ou c 0 5 

a r ea of s oil is higher i n e 10wl 

the other two studied major so ' ls . 1i 

land itself , the scoria ri es he 

vi cinity ar e exc eedi gl stony 

This is perhaps bec?, se her e w 

unde r the existing clima ic a 

for weathering (e spec i lly 

ceous rock. I t may hus be 

and r ockine ss ar e domina ly 

chronose quential p r amete 5 T ~ 

graphy is a l so i m or n i 

clim tic differ ences bet1ee h 

rif t floo r" 

d 

i o ic 

o 

0 

oc 



6 . 2 . 2 0 Inher ent Fer tility S a s 

It has been s t ed a i r 

s oils were classif i ed in 0 ca 

status on the bas i s of p c 

organic matte r , avai l ble K a E C 0 

parameters show mor e or l e s s d is 

with the ar ea as discussed her e d6 • 

pH (Soil Reaction) 

The influence of p on ha i l ili 0 

pl ant nutrients has been widely di scu 6 

wo rks (Jenny 1941; Adler 1947 ' Bl C 

C 2 + a , 

The najor excha e l e cations i so'ls 

2+ + + ( , Mg , K , ~ a baS1C ca i o s) and H 

n 

occur adsorbed on the surface s 0 col oi c 

and h~~us particle s. shi t in he 

be tween hydr ogen and the b sic c 

so i l r eaction o Hydrogen , i f 

systen , substitutes 

c ations fron the surf ce s of 

colloids and hunuso Thes e CD i s 

na inly hydr oxide s and bic 

l ~ ached out by per co i 

In t he pr e s n vey 

value s (> 6 ) we r e r eco dod 0 

o 

o s 

so 

o 

o cl 

) . 



On the other hand , a o e ro 
l owe r pH (highe r acidity) fas 

land soils. Out of e i h op soi s 

(prof ile s 1 - 8) , four showe 10 pH ( 5) ,0 

!18di un (5 6) and t wo hig ou 0 h s . 
of ne asureoents in the lowlan , s ix f f.., , d -0 

be high in pH , one low and on iu . 
\..Jnen the pr of i l es as a w ol e El e co 

thirteen out of e i ghtee i ndic d vu cal v 

tion in soil acidi ty (decrease i t ep h) . 

The t hick, well- dr ined r ed s so"15 ( 

4 & 5) i nd i c at e uniformly l ow pH bro hou e 

profiles - a pr ope r ty less evide tie 
'- " 

dar k - dark brown - soils. Since c l im e i 

parent material (ignimbri e) and e i o ie e or 

ar e nearly i dentical , he differ e ce i e Dcid " 

of these soils owe s it e iste ce essen i all 0 

topogr aphic vari ations causing poo dr 

dark - dark br own soils and good dr 

othe ru The condi tion i the 1 

leaching of b as ic cations , ceo i 0 

low pH va lues. 

Diffe r ent f actors hay co i ed 0 h 

d i f fere nce i n the level of so"l eac 0 b 

t he upland ar e and he 10 land . 
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The upla area has oli ie 

l uxuriant ve geta i on ( 0 est ) 

t o t he other ; chemical 'I e 

correspondingly mor i n e -e. Bee se of 

graphy , er os i on i s ve y impo 0 

depos ition i n the rift . There co Id 

f icEmt contribution to the e iehme i b i e 

cations of the rift v lley soils vole 

r ocks of Chillalo which co tai mi r 

containing the se e l eme ts . Addi io al co 

also comes from the pyroelas ics of e 

In the survey r ea , gene 1 v eo-

rre l ation between pH d me ual p ei 

is notice abl e : increase i pH of soils s 

to Kulumsa (=1 - 1 from the latter 

(F i g . 13). 

The rising of pH with de 

the downwar d transloca io of 

f r om the top soils. The acid ' 

es as it percolates downw ds 

lS h I d in the inter ction to 

Rainfall and temperature 

for four r epresent tive si es 

and Dugda). For sample si es 0 

0 he i 

i 5 0 '15 

he sic e 

of h 

h 

0. r e 

( sel 

o 

ext r apo l ation has been m de r o e 

nenrest station by makin llow 

'100 

e 

o 
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di ffe r ence s. The e f c o 

to t h at of precip i ta . l on e 

In gener al , in te ms of pH s "11 . 

t he rift soils occupy a e er os io 

p l a teau soil s . 

Or g ni c matt er and t o al 1 

Regard i ng the dist ribut i o 0 so i l 0 c 

mat t e r and ni t r ogen , no clear pic r e 

the l abor atory anal ytic 1 dat • Ther e i s 

vari at i on in the conte of these wo s i c' 

components , correlatabl e wi he so i l yp S . 

Neither i s there any di stinc cha ge r om 

p l a t eau t o the rif • 

Si nce most nitro en i n soi i s r e s 

mainly by or ganic com ounds ( oddi 1910 · S 

Br emner 1950 and other s i n ; Yono ov 1961) 0 

nitrogen gener ally shows inc ease 

or ganic matt er. 

J enny (1941) sated t ha o he c 0 r 

ng cons t ant , soil nit oge 

su pl y . I nspite 0 he hi h 

pl t eau, he exami ne so · ls i 0 

exce l the rift soils i or nic r 0 

nit r ogen. 

r 

c 



-

The be ter condi io of rAS. l' 

vegetnt i o on the i gbl d is 190 

produce l n he soils a e 

mat e r and nitro en. But h·s is 0 fl 

their amoun s i he soils. 

In te r ms 0 to al ni ro en a 

tion of the top soils (abou 75') sho, d 

cont ent . 

5-

0 

ic 

c 

r-

Since both org ic ma r Dnd ro do 0 

show sys t ematic distribu i on over e r~ rl i 

be comes ver y difficult 0 make qunlit ive or 

quanti at ive s t eme ts abou h role e ch soi 

fo rming f actor layed to p 0 uce he 

two . 

Available Phosp orus 

Phosphorus is cl sse s on 0 

nutrients i soils a d ic- derive 

of primary hosphor - be'lrin minerrl 

plan r sidues . 

The amoun 0 P os hor s i h 

sugges s ho. e mi 

om 

as a limiting f:1c or h o hera. 

SQID les rom soils ( 

seven ( 78%) 0 loW i 1 a ho 

a s 0 

be c 0-

r 

0 oi 

0 

h 



only f i ve out of ourt6en s pl s ( 

were i n thi s category . 

I n t hi s case , as i h pH he e is 

of increase i n avail ble p os horus r o 

to t he l owland . When available hos 

agai nst mean annual precipitaio 

though not ver y wel l def ined a i 

gives an i dea nbo t the exi s en e 0 

re l at ionshi p between the two (rai 

phosphorus ) . 

all 

Teu sche r (1974) dicated t 8 be 

of phosphorus is c '1.trolled by pH . A 

va l ues , i t i s said t o ,J ccur as 8 1 

ph at e and hence less avail ble to p 

pH be i ng pr evalent in the l owl so'ls 

has a bette r chance of solu il ' y 

h i gher availability . 

Eventhough not co cl s 'v he 

apatite in profil e 5, ' s i dic tive 0 

to so il phosphor s om h 

In gene al , i migh 

forming factor s ontrol 

1 s. 

e s 'd 

ilabl ho 

s oils through the ir in 1 ence 0 so i 

cy 

d 

1 h 

s o 

co 

h o 

c 
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Ex ange ab l e bases (Ca , K 

The light and heavy of h 

f ine sand fr actions (0 . 25 - 0 .0 3 

r epres ent ative s oil s am l es '/ e 8 

t o h ave an idea about the r ove o 

mat erial (Table 5). Thi s was com ar e o 

miner a l ogy of the under lyi g bedrocks ~ I 

1 

e 

s 

t hat i n most c ses , the studi e so ' 18 11 

deve l op8G. f r oT') both in s i u an 

i a ls . 

The miner al ogical constit i o 0 

i s mono t onous . I n t he li ht f r ac i o 

(ma i n l y alkali f eldspar s ) r e 

quartz i s se cond . Unaltered l i hic 

ed 

he so 

fel sp 

v i tri c f rac;mp n.t s ar e subord i n t e . T e eo ct' 

ns a l mos t al ways consis of m ne 

wi th mi nor i l me ni t e i n some pro i es 

few case s with i ns i gni fican 

apat i te an d rut i l e . 

mo t 0 

No l ater a l or ver t i cal v i o 

seen in al l s i xt een s ampl es . The oee 

ahundant quart z in pr o iles 0 er lyin 

sugges t s he pr e sence of m erial 

the i r,nimbrite s nd t is , ec~use 

i n bas a lts . As the as lts 

ed 



able 5 

pr ofile No . 

1 

5 

9 

We ight % of mi nerals i 

(0 .25-0.063 mm) s 

Dept h ( cm) 

0- 70 

70- 110 

155- 240 

0- 20 

20- 50 

50- 90 

0-40 

Below 40 

Ligh 

Feldspar 
Rock f a s - 3C' 

Qua z - 400/ 
Fel spar - 150/ 
Rock r agme s - 15% 
Glass - 25% 

QU z - 35% 
Feldspar - 5% 
Rock r agroe s - 15% 
Gl ss - 71 

Quar z - 25% 
Feldspar - 4W 
Rock f r a e s - 25% 

Quartz - 30% 
Feldspa - 45% 
Rock f en s - 15 
Glass - 5r.' 

- 35% 
r - 5~ 

gmcnt - 6% 

% 

z -

- '5 

- 5% 

it\,;; -

( . ) .~ 

i - 1 

- 5 



II 

III 
I 

I 

. ..... , . 

Table 5 con do 

Profile To 0 

12 

21 

22 

Depth (em) 

0- 25 

35- 60 

0- 30 

30- 60 

60- 100 

0- 25 

25- 50 

50- 90 

Li 

Quar z 36% 
Felds ar - ~I 
Rock r ? en 5 -

Qua tz - 350/ 
Feldspar - 4(YJ1 
Rock fr gme s - 17% 
Quar z - 300"{ 
saeehroi 1 e ure 
Fe l dspar - 60% 
Rock fr agme 30/ 

Quar z - 35% 
Fel dspar - 52% 
Rock f r agmen s - 5% 

Qua z - 400fr 
Felds a - 560/ 

QU r z - 350/ 
early l i mo i e co 

Felds 60; 
Rock f e s - 10% 

( r eddish br o ) 

Qunr z - 500A 
Fe ds - 55% 
Glass - ?f. 

38 
- 5?' 
men 5 - 2% 

1 

i 

~ 

% 



) 

trachytes con a i goo de 1 0 m ( . 
low in he pyro las ics), i s 

in soils und erl i by yrocl 5 ' ic roc is 

tive of addition 1 so rce f om he for r. On 

other hand , mi e Is 'de i ie in 

of the bed ocks ar e also 

i sec i o 

d i 

ove r lying soi ls . This is 

paren rna erial. 

evide ce of i si 

Bec ::tuse the so il s are er' v d rom ixc 

r 

parent m terials , i becomes very diff'c 0 

r ela e th fertility s at s with he rock s . 

When all samplesa examined all nsic c 

ut rnagn silun, how ;:\ di stri 0 n he 

and lo\"la d soils similar 0 h 0 

P osphorus i. e. commo ly highor C 

the rift soils h 1 hose of he pl 

When he op soils Rl one arc co .) 'd r c 

main a ins his r 1 0 shi and 1",s5 cl 

The possible sou ces 0 ;) i h 

m inly ] gi oclas 

common con it s 0 

a BC Y e • Le. 9 i or 
c 

am hi Oh:5 , 

i 0 e or (.. 0 ock i 

1 
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he accumulatio 0 we~ er in prod c s of 

r ocks on he pl~te8u ~d lepchi ~ pl" d 

so ils are im or an sources of he r'l~ ive C C1 

enrichment of the lowland soils. Some profiles 

show a gr eyi sh white , powdery coa in mostly bela 

depths of 20 cm. his could be ue to he ns-

location of Ca ions from he upper p s 0 hI..: 

pr ofiles to be de osi ed may be ~s c31cium car ho c . 

In profile 18, 1 rge , elong. e c"r on 

nodules (upto 20 cm long) were fou d f 

50 cmo These nodules could e of he s~me orig "n 

as the carbonate co tin~s i n other poi es. r 

this CRse , however e r e seem 0 h vo been 

highly concentrated solu ion which w jl 

downwar d thr ough he profile recipi C 

possibly as c lcium carbo Ate . The deposi 0 of 

calcium carbon t e could be o r 

the bedrock which p eve ed f rJh r mo 

may lso be beca s of he ec f1S i .0 c 

The latter is impor n ec us c c c 0 

is sol 1 in he pr ese c~ 0 • I 

abrup ri e i h mo of c ci 

wi h ep h i s 0 se rve:: i h" , ( 

0 ~ss urn i 

soils. Bio i is n 00 0 0 0 

occ s in he sal s , "'chy s 



~epth (em) 

Flq . 15 

20 

40 

60 

E llchanqtoble Co (meQ / 100 lOll I 

10 20 30 40 

..... - ........ 
\ 
I 

Verticol di.'rbu' ion of exchon9to CalcIum in profll, 18 . 



Sani dine i s abundq t in le 

wit glass which i s a mojo co 

clas ics (alkal i fel sp rs s 0 0 

com onen s) , supply 0 ~ssium. 

The ex e sive occur~ cc of 

may be r e s onsi l e fo e v y hig 

conten of the soils . 

v[hen he e lative a da Cd "i 

climatic r e i o ( l ateou a d i ) 

P. ocl iC6 

o 6 i 

-h 0 

is consi d 

potass i um shows be S'lme dis r ' bu io 

(F i 016) 0 he c uses 0 this rcl n vc 

are a[2;ai l e chi g om e pl soi s nn 

ccumul io in he lowl'm . Alem n is 

(1975 ) me tioned b- the 1 co 0 ,-

land soils i also hi e II 

mi atio 0 potassium h r n 
, di-

ion f r om these sal s co ri u in 0 
, c r 

ex nt, 0 be very i h 0 (lss'um val t: . 
r 'lg cs iuro s do 0 

show dis v i'l ion hro ho h 

Eve n hogh i do c 0 0 

so ils e o 01 C'! m 

'vely h 

coul e o 5 i c o 

o ~s'c cion . 

r -
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at io e cb c ci 

T is i s 0 

expressed i eq/100 

bm . one , ca i on e ch c 

th n 25) . The u ' fo i 

difficul 

with the di f eren oi 

lA.teral no ve iC 'll v in io 

is eviden . 
Cation exch fe c ci h s 

increase wi b i se i s r ce 

of soil (Whi nd ver 1930i 

indicates i ts r ela 0 

t extur ed so i ls o.r e ec d 0 

than l i gb ex u ed 0 s . So s 0 

a lso d c 

cat i o exc nge c y. 

Des i e h ve Y 

and tbe be e sourc 0 

men be k - r k 0 

o not sho 

soils which 1'e e 

he moun 0 or c m r 
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Cat i on exchange capaci y is lso d_p~ d~ t o. 

and varie s wi th soil mi ner logy . The miner~lo 0 

the soils , at le ast i n the fine - very fine s~ d 

fr actions was shown to be uniform , thus co 

to the unifor m distribution of C v lues in he 

soils . 
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6.2 . 3. ricul u nl "I d Ca i 
I 

I I 
sing some 0 0 

.. ~ \ ., . l and c ili y 0 (D 0 1) 

the s udy a ea ma e 0 ly 0 : r'o 

capabili y classes ( i . 17) • 

In h p sent case pe n 0 

used to classi y the a e 1. e o e 

di ssection, surf ce (roc i ess 

stoniness) , Ie ~ ss d ep h 0 50'1 ( b 6) . 

Correspo dence e wee h- el s 5 0 

fertility s a us an hos 0 1 d 

extremely poor and migh b co r 

i. e. high inh r en e i li y s "I U 0 cor po-

nd wi h e bes Y e , 5. 

o port'o 0 he 

ments o be s i e 0 el 0 ly 

around he 0 K lumsn 5 i 0 

hird c ass co 5i 0 

sl i di5see ed so co 

To he o r h el s ' 0 

n e n) r iv 

of h 

s f ec h ' 0 

htn . T is 0 0 

i el de C'l0 hl 



~ , 

;or!::t 

Per::lissible 

value 

symbol in 

each class 

-ricultural 10 

(Eodifie 

1 . Slope (dugrec) 

2 . Di ssect ion 

3. Rockiness &/or 

storuim e ss (%) 

4 . Hetne ss 

5 . Depth ( c m) 

canabili t:,,· cl ificotion of 

er d y,., 1981) 

1 ~ 4}2 6,. 

nil mod. mod. sev. 

10 10 25 50 

n il n il short cons . 

periods per. 
- ' . . , "'- --, .4 ~ .... . _ _ 

~- -~ .-..... -~ 

90 50 90 50 25 50 25 25 25 

mod. S(!v . s~ 

10 50 50 

ni l cons . cons . cons . cons . 

per . pe r. per. p~r . 

- ~ --- 25 50 50 50 90 any a 



" 

segement of he s u y ar a ~n 

and southwes of sela . he sm 11 

the plateau) with e r i soil co 

sloping surfac s coul b 85 d 

Despite the very high e 'li y 0 

the swamps in he rif v 11& oecu Y 

(class VIII) lith r espec o "h e 

agr iculture . Thes (; s coul no 

proper land man eme n pr e ie c 

ined parti al ly 0 com le ~l. 5 e 

h i ghly f ertile soils for diff r e ero ~ , 

rice . 

To he l as cl 5 0 
e 

f ault sea s o b & rock 

ili ' 

e 

- 0 -

o 

o 

o 



7. CO JCLU '10 

A give soil 
1 . lity 1 poss sses he es 

ID.:ters 0 fertility i com 

una t C1 inable i c . 

Tbe sum of 0 b 0 hee 

lity in r egards to 

good inh r en fer s 

hi hly produc ive 

(slope , tex ure 

when one 0 mo e 0 

everthel s 

inherent fe ili 

oc 

of w ich was ~se 0 

nd or anic me). 

l;SS 

e 

Available d C 

almos l'/RYs i 

G 0(1 e r num 0 

or i i 

r h 0 r c 0 o 

f CO . 

ceo 

di 

pol 

c ( 

o o 



· I. 

.i. :.1 

i " , 

In a generalized manner, he i 

inherent fert ility s t atus ha he 

The most i mportant processes hie 

differe nc e are mai nly r emoval d a di 

r ent rocks on t he pl at eau l i be r a es a 

ar e r emoved f rom thi s r egion d a ed 

locat ion i s al s o another process whie 

vari ation obse rved in t he profi les . 

The f a ctor/s which dominan ly de er i d 

in the inhe rent f ertility status in he ~ 

directly attribut ed to the f ac oris y ie 

proc esse s . 

Time i s import ant for the soi l fo e soc 0 

materials t o f orm soils , bu the 1e 

cert ain soil forms depends on he Ie 

mat erial, biolo gi~al act i vity in he soi 

gr nphy . The sactor of time c n 1so 

gradation provided t hat i t i s f a 

The author i s of t he opinio 

d te r mined by the other soil 

indepe ndent soil forming f ae or 

o 1 1ue ee (0 a medium , with no entit 

fertility i n the pr esent case) o 

which the other f actors ope a e . 

forming factor af f ectin 



\ ," 

The fact t hat there are onl 

sedentary soils makes it diffic 
i si 

status wi th t h8 rock type . This 

developed on hil l s i des and crest 

It is clear that the sources 0 

nts are the differnet rocks in h 

tion between the mineralogy of each 

rock beneath i t ( this situation i s 

o 

e 0 

t 

a ca . 

so H; 

xp e fro 0 

on in situ parent material) indicates e om 

more of t he fac tors, climate , topogr ap 

These thr ee are so intimately ssoc a 

very difficult t o s eparate the role each one 

processes of r emoval, addition and t sloea 

we r e responsible for the over all varia 

fertility status of the soils. 

The topography on the plateau, wi s 

above sea l e ve l eff ected high r ainf 11 

temper atur e o The hi gh r ainfall in tur 

tion of numerous plant speci s. Wea 

ned by abund ant r ainfall and or 

dec ay . The r emoval of weather ed 

by to~o~raphy and by the abund n 

and rive r s o 

A good deal of the material c 0 

added to the soils in t he 10V/land (bee 

d 1 

o o 



topographic surf ace at low el ev o ) , 5 

me nt here in t he added constituen s . he 

i t soils, poore 1."' in t he lo st nutrie 

The vert ic a l variation in the e 

elluviat ion f rom the top soils . The v r i io 

parameters used to eval uat e t he land ca ili 

existe nc e ma i nly: to topogr aphy , time and clirn 

The s lope condit i on i s an el eme n 0 

influences the degr ee of disection ( a$' 

and soil depth o The r ainfall aga in cant 

s s rmd the rate of soil f ormation. Th s 

ndance of rocks and stones on the r ift soil s is 

t he r elatively short period of weathering of 

Fr om the pr e ceeding di scussion, i c 

topogr aphy and climat e were the most i mpo 

i nfluencing t he inher ent f ertility status 0 

Ase l a ar ea 0 The biology (mainly veget io) i 

on these two, i s se cond in i mp ortance . 

When the over all f ertility (chemical a 

t ake n into consider at i on, topogr aphy, c i c 

most impor tant i n controllin the v o 

) 



Loeation : - SS~ of As 1 I o 0 

Elev a ti on and e lima 25 0 coo o e 

Landfo r m . .. . .. ........... fl 

Par ent rn a er ial ......... a 

Dr a inage . . . ............. imp r e 1 n 

Soi l moi s ture .... ....... o - 70 cm ry 

Vege t a t ion or l a d us s or ee , 

0 - 70 em Blae 0 YR 2/1 

dry , el y 10 

1 s ic 00 

cyl'n 1 ' 0 

m y 

70 - 11 0 em V k r ( 0 Y r 

( 10 Y /2) e1 y c 

110 - 55 em k ( 0 YR / ) ( 0 

cl y , 

155 2 0 / (7 , 
- em 

/ r y c 



Pr of ile 2 

Loca t ion •.•• • .••.•.••. Che bi, SE Ase S , 

El ev t i on & c limate ••••• 2300 

Land fo r m •.•••••..•.•••• hillside 

Sl op e ........... . ....• modera t ely s e 

Par en t ma t eri a l scor i aceous basa 

Dr a i nage . •••••••••••••• perfect 

Soil moi s t ur e dry t hroughout 

Vege t a tion or l and use • surrounding 

o - 50 cm dk rd br (5 YR / ) 

(5 YR 3/ 3 ) dr y , s y e a 0 

stony, shallow 

'. 

50 - 70 cm dk rd br (2 . 5 Y 2/ ) o 8 

red (2 . 5 YR 3/ 2) rY t 

Pr ofi l e 3 

Loc a t ion ............. Chebi hill , SAse 

. I :" Eleva t ion & clima te 2330m , cool , m~ '8 

. ',' 
Landform ............. hillside 

Slope .............. ~ . moder ely s 

Pa r en t ma te ria l scor i 5 b 8 1 

Dr ai na ge ...••.••••.•. er f ec 

Soil mois tur e .. ...... dr y hr o 

Vege t a tion or l and us e ~ . surr oun c 
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.. . .. . . . .. . . .. .. .. 
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6" .. . .. . .. 
...... . ..... 

'r , 
\ . . 

... .. .... 

. . . . . . . 

. .. . . . . 

o - 20 cm 
>.': 

Profil e 4 

Location 

El evat ion & cl i ma t e • ..•. 

Landform 

Slope 

Pa r en t ma t eria l 

Dr a inag e 

Soil mo istur e 

Ve ge t a t ion or land us e . • 

0 ·- 30 em 

Be low 30 cm 

.f ..... ' . 

dk rd r (2 . 5 YR 2/) 01 r 

3/ 2) ry o r 

5 8 e as ro i 2 . 

S AS5e a , os h I ro 

290m ; mois , coo 

ro l' 

g 

Igni br e 

well drs' d 

dry rou hou 

Euc aly , Ju i r , or a8 

dk br (2 . 5 YR 2/ ) ois 

(5 YR / 6) Y' c l Y i r a ick 

s ligh l y h 0 00 

i nlm ri r 

n o m of11 h k i r o 0 

a cc umul ion 

k r r (2 . 5 y oia r 

R / ) r y c Y 

s m r r o ro 



"'- .~ "" ( ", '" . - \ ," \ , ; :?", Pr ofile 5 
r" ~" .. "" " ' .J" . :~ 

Lo c ation .............. " 2}'2 km S of Assel , a o 
) ": " .~" .. .... 

El ev a tion & c lima te . ~ .. cool moist , 2600 

Landform ............... unduli: tin 

Slope ........... ~ .....• Gently sloping 

Par ent mate rial • ; • ! ! ••• appar ently derive e u 

Dr ainage ••..• 1 •• ; •••••• well dr in ~ 

Soil moisture •..•. ; .••. dty throughout 

Vege t ation or l and use .• Podocar pus , J u i r , o c 

o - 20 cm dk rd br (5 YR 2/2) moi a k 

(7.5 YR 3/ 2) dry , 10 m, 

fri abl e , sligh tly h r 

red mottles , unifo m hro ho 

iron oxides acc m 

20 - 50 cm 
dk rd br (2.5 YR /2 ) y 

YR 4/8) dry , cl y , 
o h r 

- ', 

fe at ures like a ov 

50 - 90 cm 
dk rd (2 .5 YR / ) oie y 

YR 5/ 8) dr y , cl y , 

br ite , u i f or ro ho 

"_" I " •• " 

Profile 6 

Loc a tion 
SE Asse B , D 

El evat ion & cl imate "!' 
220m; coo , o s 



,- \ ,I ,,' 

Profile 5 

Loc a tion ..... ......... 2~ km S of As s el a i 0 

El eva tion & climate cool mois , 2600 

Land form ........ .... ... un l r C 

Slope .. .... .... ... ..... Gen ly slopin 

appare ntly r ' y i 8i u r o i r1 
Parent ma t e r ial 

Dr a inage . , ... 1 • ••• • • ••• l' '' i e 

Soil moisture ..... ,. .... dry througho 

Vegetat i on or l and use . . Podoc a r 5 , J r , o eu 

o - 20 em dk rd br (5 YR 2/2 ) mois k 

(7 .5 YR / 2) y , 10 m P ic 'J 

f :ri a le , sligh ly h r 

r e mo les , rou ho 

iron oxi 

20 - 50 em dk rd br (2 . 5 YR / 2) r (2 , 5 

YR / 8) r y c y ri a. ie o h r 

fe a res like hoy 



Land f or m a lmos 1 

ulope a lmos 
- '- -~. ~ 

Paren t ma t e rial a ar e 1 d i v r o b ..... 

Dr a i nage i m erfec 

Soil mois tur e condition o - 30 cm ry 

. . ~ 
Vege t a tion or l and us e shor 

'I. 

o - 30 cm V k r ( 10 Y o s r 

, , 
' ~ o YR / 2) r y ; cl y r 

bl ocky , v r 1 

v r y ha r , s l ick ei 8 r 

.',,: f air l y s o Y 
"'- I, 

30 - 90 V k gr br ( 0 Y >/2) mo r 

( 10 YR 3/3) y , c br1 r 

m n t s , medi m roo s 

" Profile 7 

Loca ti on . .... .. , .... . 10 0 As 1 

Ele va tion clim e .·· 2195m 

Landfo r m . . .... ... ... . pr s10 

Slo e ......... . . . .. . . . 
. . '1 1 , .. 

Par n m e rial . . ·· · · 
y i 

Dr aina e . .... . . . ... . . 0 0 

oi mois u e in ro 1 0 -

r 88 c v g 10 0 1 nd us 

, " 

. .. ,' .. . ... ' . . 
- 0 .. ... .. 



", o - 60 

,-{' ~ "' V - ""i ~~ , ' 

Be low 60 em 

Profil e 8 

Loc ation ....... ....... 
Ele va tion & climate 

Landform .... .......... 
- . - ,~ Slope ......... ........ 

' L: Par en t mate ri a l ....... 
Dr a i nage ..... ........ . 
Soil mois t ur e ......... 
Vegetation or l and use .• 

o - 20 
A . " ~ . . • • • 

...... '. : ,. 

. .... .- 1"" ,-' ," ; -' ' T ;~ .:~.; 

"" . --: •• 1 

, ;. 
" 

~ " "" 

~' " ; , : ' ',' .:, . 

V dk gr br (1 0 Y / 2 ) o 6 k 

(10 YR 4/2) dry, clay , 

sticky, very plastic , 

cracks 60 cm deep slick n8i 

pores , f i ne r oo 8 , 

dk V dk gr br (1 0 YR 3/2) moi8 
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