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Westel-n ban~:· of Cimc j- i ver at wnlch a town IS OJ-ooosed to bE located. was 

carried out. The stUdV alms at eV3luatlno the 5uIla.bIlitv of the area fOf" its 

planned land use lurtanization~ aiter conSloer lna the maIn eXIst ina and 

potential ha.Zdl-ds VJhlCh rna ..... s2V81-ety enda.noEI- or PI-ee lude the v al-IOUS types of 

civil engineering works that may De assoclated wlth the urbanIzatIon. 

The study l-evealefj the pl-esence Ot haz~l-ds. such 3.s . the hIgh :;elsmlcitv 

of the dl-ed , orooable floodi n9 due tc; the -fluc t uatln9 level of the TUI-kana 

lake l v ina 2(J km South, the WIde soreaa occun-ence of Slnk holes and C)-ae/-:';; 

f OJ-med due to hvdrocomoact l on and ololnq of 5011s In t he studv a I-ea. and the 

medium to hIgh comO J-esslblllt 'i 3.nd li~ \-J 3tre0qth r,.3.turE Ot the sOlls unoel-lyinq 

the area WhICh finally oraved the unsuitabilIty of the studv area for its 

prooosed land use (uroanization>. 

The loca l geology of the stuav area conslst5 of clays. slltv cLays~ 

clayev ~ilts. sandy silts and si l tv sands. all of WhICh 3re deposits of the 

f lood olaln of the Orno river and are characterIzed bv thickness varIation both 

vertically and l ateral Iv . 
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Hecm-ding to the laOOi-atOl-Y ana,IYsis j-esults. the coheSIve salls of the 

area (rePI-esented bv the clays. 3iltv c lays and ClaYEY si Its! 

characterized by content of high orgamc mattel- and belong to OH . ~lH. OL 01- I'lL 

groups in the Unified Sail Classificat:on System (USeS). Free swell values 

and clav mIneral comocsltion (bv [ITA) for tel" of the clay samoles shows them 

to have medIum to e:;-::t l-eme E:x:oai1S1Veness and as containing the elav minel-al 

nont ,-on It e. The non coheSive 5011s (reoresented bv the sanov silts ana SlIt"" 

sands} al-e mainly comoosed of ouaTt:=:. felosoar3. mIcas. few Meavv l111nel-als and 

~-OCK fragments. They bei.unq to ~lL or Sf'! qi-OUDS in the uses. 

Based on the fIeld and labOl-atol-V InvEst!Oatlon results . enyineerin9 

geoloqlcai maoDIng at the scale of 1:10,000 was carrIEd out an the basis of 

select l ng tne mapoing units as )-ecommenaed bv the IHE(~. commlssion fOl­

engIneerIng geological maDDIng (19811. 



1. 

Acknowled(Jment ..•.. •. ... •. .•..•• • ••.•.••...•••• . • 
Abst,-act ..... •.. .• • ••.••...•......•.......•...... 
COiltents ..................... .... , ...... , .....•..... 
List of i l1ust,-atlon5 . ••••••••• • •.• . .•...•..•.• .. 

Figures ...•••••••.... .••.. •......... .•. ... 
Plates 
Tab"tes 

Introduction ..... ............. ........ ... .............. 

1 • 1. Db ,1 ec t i ves .•..•......••• . ••.••..•.•..••••... 
1.2. Investigati on Method .••.•..•...•..•.....•..• 
1.3. LOC2.t Ion ............... ..... ...... ................ . 

I 
I I 
IV 

VI 
VIII 
I X 

1 
2 
3 

2. F\egiona.t Geomorof1clogy. Tectonic Setting. Geology and 
SeismicIty of t!1e Lm"lEIJ- Ollie Bo.sln ...................... .. . 

2.1 
2.2 
2.3 

2.4 

PrevIous Geological Works ••••••..•.•••..•..•.•.•• 
Reoionai. GeomOl-pnoloqy and TectoniC Setting ..... . ~ 

'-' 
RegIonal Geoiogy . .................. ... .......... . E, 

2.3.1 Stratigl-aphy ..... ..... ..... ... ............ ........ .:. 
2.3.2 Ma.101- Stl-uctures . . ...................... . . ... . 15 

Seismicity •.••..•....•..••.••...... . . ..• .•..•. 1'3 

3 ThE Geology arid Geomorphologv Ot the Study Area 

3.1 Local Geo!lloi-pholoqy . ....... .... ................... . . . 
Lac a 1 Geo 1 oq'" •..•.••.••••••......•...... .. ....•. 

2E. 
29 

4 . Cl imate. I-Jyd,-= logy and Hydl"Oceo logy 

4.1 
4.2 
4 .3 

Temoer3ture, Preclpitation, EvaporatIon. Run-Off .. . 
Ground Water Occurrence and Qualitv .. ... . .. ..... . 
Historv of Turkana Lake Level Fluctuation ........ . 

34 

~'. Settlement and SubsIdence Problem in the Study A,-ea 

5.1 
~ '" .J .L.. 

Occurr.;!nce of sinkhoies and Cl-2.cks 
Pl-obab le co.uses Ot occurrences of 
sinkholes and craCKs 

5 .2. 1 SEt t lement. r~atui-e, Causes .................. 47 
5.2.2 Subsldence. Nature. Causes ........ ..... .. ... 48 
5.2.S T:-eatment ............. ... .. ...... ..... ...... :11 



t,. Engineecinq Geoloqlcal Chal-actel-1S~lCS of tt-,e sOIls 
of tne StUDY Area 

t, • 1 
E .• 2 

Se l ection of Test Samoles ..... • ..•• . •. . .. . . . . . ... 
Test Proceoures •.......... . .. . ..... .. . .. . . ... . . .. 
Laboratorv Analysis ana Results .. .... ..• .. .. ..... . 

54 
54 
57 

6 . 3 . 1 Ml ner~log l cal and Chemical ComDoslt i on ... . . . 57 

6.3.1.1 Minel-a l oglcal Composition .... . ..... 57 
E,.3.1.2 Cal-bonate COnlE'nt . . .......... .. .. . . 5'3 
6.3.1.3 On;lanic Mat t el- COi1tent............. . 62 

Eo.3.2 Phvslca 1 PI-opert ies 62 

6.3 . 2.1 Soeclflc G!-avit v.... . .... .. .... .. .. . 65 
6.3.2 .2 Grain SIze Analvsis . . .. .......... . . 65 
6.3.2.3 Atteroerg Limits ........... . .... ... 71 
6.3.2.4 FI-ee Swell............... . .......... 75 

Engineerina Geoloaical Classification of the 
Soil5 of the Study Area .. ..... .. ..... . ... . .... . .. . 78 

7 . Engineel-ing Geological ~Iaoping Ot the Stud..- Area 

7.1 
7 .2 

Selection of Mapping Units .. .. ...... . ...• . .... . . .. 
Delineat i on and Enqi neerlno Geclooicai 
Characteristics of the MaDplng UnIts ..... ... • .. ... 

8. Conc l usions and Recommendat ions 

8 . 1 
8 . 2 

ConclUSI ons . . .... .. . . . . . ..... . . ... . . . . .... .. . ... . . 
Recommendat I ons . . . . .. ... . . . . . . .. ...... .. . .. ... .. . . 

=34 

SE. 

r;oef e l- e nces . . . .... . . . .. .. .. ........ . •... . ... . ... .. .. . .• . . 131) 



-vi-

1.1 Access routes to thE st udy area ............ . ... .. . ... ..... . ... . 4 

2.1 S,mplified geo!oC)lcal map of lowe,- Omo basIn ••.•••••••••••.••••• 7 

2.2 The East Afl-ican RI it S'lster.l ••...... . . ••. . .• ••••• "' ••...•..... .. 16 

Eoic2f't ,-al locat ion: oi ea'-t~,quakes WI th maq m tudes 20 

: 5 In ethioOla and Surroundtn9 areas . ............ . ... ........ .. . 

2.4 Predicted intenslt v ma.o of EthioOl a based on a I t) l) "lea:-

re~urTenCE oeriod and on a 1~ annual orobabi li t v that 

the maxi mum va lues wi II be e :" ceeded ...... .... . . ................ 22 

2.5 Generalized rElationship between ne3r surface e~rth ma~erlal 

and ampliflcatLOn of shiiking dunng a seismIc event . . •..••• .....• 23 

3 . 1 Representative l I thological proiIl es ..•..••••• •....• .••..••••.• . •. 33 

4.1 ISOHYTALS of South-Western Et h ioPI;; ..... .... ...... . ... . ...... ...... 36 



-vi-

1.1 Access routes to the stud"/ area ...... ~ ... , ................ , ... . 4 

2.1 Simplified geologIcal mao of lowel- Omo basIn ...•••••.•••.•.••••• 7 

2.2 The Ea.st A~rican RI tt Svstet:1 ••• • •••••• • ••••••.•••• • ••.•••••...•• 16 

Eoice~tra l locations of earthquakes wlth maqnltudes 20 

;5 In ethioOla and Surround t n9 areas ... . ............... .. ...... . 

2.4 Predicted i ntensIty mao at EthioDla ba3ed on a 100 year 

recw-;-enCE DEI-iod and on a 1); annua l orobabi Ii tv th ·at 

the ma:x:imum va lues wi II be e::::cl'2eded •••..• • ••...•• .. •.••..•.••• • 22 

2.5 Genecalized r ELationship between ne3r SUI-tace 83.rth maf.El-lal 

and ampliflCatlOn of sh"Ung dLil-ing a seismIc even t .............. 23 

3. 1 Repres entati ve lIthologIca l oroflles ..••••••.• • . . .••••..•..•••..• • 33 

4.1 ISOHYTALS of South-Western E!hioPla ................... . .. .... ...... 36 



-vii-

4.2 Maximum extents of former lake rurkana an8 phYsIographIc ............ 39 

Recent deOosltlonal enVlronments of the Groa D~ita ...••.••.....•.... 43 

5.1 BloCK dlag~am lllu5tratlnq the mecha~lsm of for~atlon of 

slnkholes and cl-acks in Omora'tl al-ea 46 

5.2 I"lechanlsm Crt collaiJsE ln a sOll .... .............. .. .. ......... ...... . 50 

6.1 The dl~qram of mlnR~al COmOqS l tlQn ......•....•....••....•••.•••.• •• • 58 

6.2 DTA curves of clay samcles from Omorall ;rea .. .... .. ... .. .... ....... 60 

6.5 Grain Size AnalvsIs Curves of the Salls of Omorarl Area .............. 69 

is.q Plot on Trianqltla;- ClassIfication Cr. .• .,-t of the Salls of 

Orool-at] are2 • •.. • .. . . ..•............•...........•....••..•.... . ... . . 72 

6.5 Plot on Cassagranoe : 3 Plastlcltv Chart at t~e Sc!ls of 

Clma al-ea . . . • .................. .......... .. ..... .............• .. ..... 80 

3welllnq lndEX as a fllnct lon C" tTIlCa cord'ent tor coarSE 82 

91-alned mi>::tul-eS . ........................... . r •••••••••• •••••• ••• ••• •• 



-viii-

1. An e ':<:amole of a Sinkhole in umOl-at:l al-ea I ••• II 11 . , 1 •••••• II II 01. II. 

27 

2. An examo ie of a Cracked ground i n OmGra~l area .... . . . ....... .. . .•... 27 

,:j. An examDle o~ a tOllet tllted due to qr~und cOllapse 28 
unde;- It In Cimorati a,ea 



-ix-

2.1 Late Caln201c 5tratlgraohV O! lower Orno Basi n . .. .... . . . ... . ... . 14 

2.2 Nerca lli Nodl f iea Intens l tv Sc ~.le .. .. ..•....... . . ... . .. ....... . 

3.1 Lithologlcal DescrIPtion oi th ~ [aentl~led 

Llthologlcal tVDes •• . • ••••.•. . • •. ...... . ••• . •. •.. . ••.••.. •••• .. 32 

'I . 1 t-1onth !v [JlstriblJtlon of Temoe;-~dLi re at ~:e i em • • • • .• •••••••••• •• •• 35 

4.2 ~Ionthl v Distnbt:t ion of EvaoOl-3tion a.t ~ .. elem ................. .. . 37 

Loess Improv2ment Methods .. • . • •. •• •• • .•.• • . • ..•••.••. ..... . . . ..• 52 

~.1 Peak Temoerat ures of Exothermlc and Endoth~rmlC e~fects o f 

Dif.fEj-entla l H -,eJ-fTlal ?-lnah/s 15 sf t'le 12:;t 2d SelTtoles. ..... .. . • ...... 61 

':'.2 Organlc ~Iat ter Conten t Ot the SClls of Omol-3.t i al-E3 .... .• • .• . . •.. ' 63- 64 

t .. 3 Soecltlc bl-avitv Ot Sells of OmOl-at.: Al-ea .. . ... .... ....... . . .. .... 66 

t .. ':' Gr=,.nulometl-lC ComOos ltlon Ot t.r.e 501 13 Ot IJmc;-at.l ~\- ea •• ·.···· ··.·67-68. 



-ix-

Late Calnzolc StratlgraohV O! Lower arne Basin . .. . .. . ......... . . 14 

2 .2 ~iel- c a l li ~!Gdlfiea IntensIt.y Sc';!,le . ... . . .. ..... • . . ... .. ..... . . . • 24 

3.l Lithological Description of tne Identified 

Lithological tl'DeS .. . • ... ......•.. ... .. . ... . .. ... ..•.... ••....• 32 

'I . j Monthlv Dlstributlon of TemDe~a tLre at ke~em . . .. . .. . . .. ...•. . . . . 35 

4 .2 ~Ionth l v Distnbt:\ ion 0+ Evaool·.tion at ,,,[em .................. .. 37 

Loess Improvement Methods ...•.......... .. ..... .. ... . . . . .. .. . ... . 52 

6 . 1 Pea k Temoera tures of E~othermlC ard Endot~9rmlc e~fects o f 

t .. 2 Organ l c Nat ter Conten t Ot t.he SCl l3 of OmiJl- ~t i an::-~ • • •• •• J • •• • • •• '63- 64 

E . . 3 Soecif .l c Gl-a v i tv Ot Sell::; of DmOl-a t.! A!-ea .. .. . . . .. . ....... . ..... . . 6& 

~.4 Gr3nulometric ComOosltlon of the SOlIs of Qmaratl Area ....... .... . 67-68 



-x-

E, .5 Attel-bel-g Llmlts a,; the Salls at Omoraii Area ...................... 73-74 

t, .6 FI-;::e Swei 1 value Ot Cia ... ". SOll~ Ot Omo rati Ai-ea .....•..... • ......•.. 76 

6.7 lahle of Estimation Ot e:::'oanSlvent?ss Basea on FI-ee 

Swell ',JaiuE ...•.. , • . . . ••••••.•..•••• • .••. ••. . .•• .•••.... ...••.. ..• • 76 

E..8 Unlfied Soi 1 Clas51flcat ion Svstem .. ~ ... . .. . ... . ............ . ...... 79 

E,.~ Engineenng Use Char~ .. .. .. .............. .......... .. ............... 83 



- x i -

Appendix 

1. The l a 'i out o-i the 2(- Obsel- 'JatlOn Pits (F"; al' ,j 2 Doreholes (B'1) 

and DesCl-lption of tnE o;-of] "{es In each ... . •.• .. •. , . . . .. , . . .... . 97 

2. ',-ee Swe I I Test ................. .. ............................... 121 

3 . LioUid Llmlt. One-Falnt One F'enetl-Gmetel- ~Ie+ho(:l ••••••••••••• • •••• 123 

4. Locat]on of long ProfIles and the lanq Profile. along 

A-A, 8- 8. [,-C .. . .. . ... . .. .. ...... . . .. .... ... .. ....... ..... .. . . ... '125 



-1-

I n conjunction wlth the Ethlo-korean IrrIgation ProJect ooeratlnq around 

the stLldv al-ea. the I\latlonal i ll-ban Flannlno Institute WUF-'Ii has beEn 

~ssigned to p l-eoal-e plans tOl- a futUi-e to!,om to be 2stab i iSl"'ed at Omorat i 

on the rlpht bank (or weste~n Sloe) ~f the Orno rJver. 

From engIneerIng qeoloolC3l ~olnt of ~iew. thp fIrs t 5t20 In seLectI ng a 

3ite for a oartlcular tVDE of 13nd USE Lurbanl:atlon. a~rlcu l tur2. etc.) 

is to st udy areas i n a ~ealonal scale, a~d then oromlslng sItes are 

selected and evaluated 4ar theJr nazar~s and oooort~nltles. J n t tie 

second steD the SIte whIch prp3ents the ~ est oooortunltv and the least 

hazal-d .f0l- tIlE o lanned land use JS :;uOJ!?cted 

geological maoolnq. ThIS manDino, descrIbEs t.he ODDoi~tunitles and 

tQ the best use of t he SIte are maoe for its planned Qurpose. 

ThIS tnesls. besides the preoaratlon of tne enoin2erlng aeolooic31 mao 

alms at e'/31uatlnq t he sUitabllitv and presents t~e 

ODoortunities and haza rds EYistlng and Doten t l al) Qf the study area 

for its planned Duroc;e. B~sed on t.hese. pl~ocer recommendat.10'1 at 

neceSSdl- V orec autlons to :J E OC. 3el~ved and suitable con3tructlon methODS 

are suogested. 
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In conjunction WJth the Ethlo-korean IrrlQ3tion PrOjEct ooerat lnq around 

the studY area. i.ne i~atlOnal il l- ban Plannlno Institute (I'~UF'li ha.s beEn 

~s5igned to preoaTe plans fOl- a future tOltlf"l 'to be 2stab 'i iSiled at Omcl-ati 

on the rIght bank (or weste~n slDej ~f tne Omo rIVer. 

From engIneerIng qeoloolC3l POIC:t. of ·~iew \ thp fIrst, 51.20 In selectlnq a 

is to ~tudv areas in a reolonal scale. a~d then orQmls ing ;ltes are 

5elected and evaluated ~ar theJr haZ~rJS and ODQOrt~nltles . 

second 5teo the sIte wh lcn presents the ~e5t ODOol-tunltv ana the least 

hazard for the ol anned land USE is SUDJEcted 10 detai led enpineerln9 

geological manDlng. 

to the best use of the sIte are mace for its planned ourpDse. 

ThlS tnesls. besides the preoar a tlor of tne enoin2erlng oeoloaic31 mao 

a U!15 at s'/3luatlng the 3u ltabl lit v and pre5ents t ~e 

O~Dortunities and haZ3rds l e;'lstlng and Doientlal) sf the study area 

tOl- it.s plar;ned ourpc:se. B3.s:.ed on t.hese-, 

necessarv orecautlGne to ~E ocserved and suitable ~o~5tructlon methODS 

ar e suage: t ed . 

.,.. , 
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The field InvestIgation was malnl '/ b~sed O~ observation of orofiles in 

dug oits. Th e oenSlTV and deoth o i tne OIlS was 8SClded by comorOffilSJnO 

between the lImIted fund aV31laoLe ann the pr3ctlcal detaIL which 

snould be reoresented on the melD corre5Dondl~9 to ] ts fInal Ltsaas. 

~I01-eover, SInce t'1e study area IS flat \ genEI-;l.liv ( 1:-'+ SIODe) and 

chd l-actel-ized bY' lenslno and laleral val-la..tlon of SUbsul-face soi Is 

within short horizontal dIstance. a detaIL WhICh snows the exact extent 

of such variatl~n cannot De attaIned and 15 oenerallv Iffioractlcal 

trying to attaIn such detall on thIS maODIno sca le . 

ConsIderIng tne abOVE conditlons tne numoer of observatlon O]~S was 

chosen to be 2!) wIth an average deo th of inVeStlgatlon of 3 meters. 

di5trlbuted, In a more or less grId pattern~ tnrou9h out the stuav area . 

Thls oattel-n 15 recommendable fOl- 5Ltch fl.:lt tvoe Ot 

landscaoe. 

Each hor12cn tOUnd In ever v Olt \.'/a5 deSCflbed enqlrteerlrO qecloolca llv 

followlng the 9ul~e l~ne of l~EG. !Bulle',n of Ine International 

and Mathewson (1 '381) . 

Sampl es from Each horizon we~e t at .. en for detailed 

claSSIfIcation tests as well a; some chemlcal and ph ·/SIeal oropertv 
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te~ts. The C)a~sl+icatlon of the soils 1S made In accordance to the 

Unified SCII ClasS IfIcation Svstelf to heio assess theIr enqlneering 

geological prooertles. 

Ba3EO on these. engIneerIng geoloqlcal ma.o is 21-ecal-ed 

1: It) .t)t)(, scale ohoto mosaIC has been used tc dellnEar.e thp- boundaries Ot 

5011 un:ts and other characterIstICS. 

are not avaIlable. ~ence tne aerIal D~otoqraDh were also u5ed 3S a base 

1.3. Loca.t ion 

Omoratl i5 locateo In th~ lower Orne baSIn sItuated in 50~th western oart 

- -- ." e. -' "_' _ 

'-'-' 

. 3. ," ,::! ·:_.·J C~+ ) 

I~ .. i, _ :-"::Q 
8 ~ , .... • .... * 

", : ,",? 

J'."" . 
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Fig. 1.1 

TURKANA 

~\J A 
N 

wi 
~I ____________ _ . ______ ~'r _________ . __ ___________________ _ 

Access routes to the study area 
DashG'..d lines are roads, dcttoo lines are commercial air routes 
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2. Regionai Geomorpnology. Tectcnlc Settlno. Ge_oloov and 5elsm_~cit'! 

2.1 Previous Geolooical Wm-ks. 

A substant ia 1 amount 01' 1 i tel-ature has been accumu lated since the 

late 1960 ' s. on the Plio-Pleistocene deoosits of the lower Omo 

river ba.sln in EthioOla and al-ound the Turkana in kenva. related 

to researches on ancient fossil homlnlds oroved to eXIst around 

the al-ea (Coooens eta 1. 197",; Bi shoo . 1978: But zer • 1'370. 1971 

a.b: etc). An e xcellent summary and comoilation of orevious 

publications has been made bv Helnzelin. (1982) in the book 

called " Tr,1I Omo oroup " whIch the follOWIng oeo\09lcal and 

stratiQr~ohlC description 01' formations in the area is mainlv 

based on. 

2.2 B.eolonal Geomm-phglooy and TectonIc Set,tlnc; 

The outstandIng Geomorph:c features of tne regIon are the fault 

block mQuntains and hIghlands which generally trend N-S to NNE-SSW 

(Brown and Nash. 1976). The-se inclLlde the Laour hi lls (South west 

of the lower Omo baSIn ) I the LOrlentom and Lokwanamoru ranges and 

Kacherlangol-r hi lis (bordering the basin on tne north west). and 

the Hamar hIghlands (WhiCh bound the basin ~n the east). These 

hiohland areas sUI-round a topooraohlcallv low area in whIch lal,e 

Turkana lIes and which e"tends north wal-d tl-om the lake nea.r\y 10<) 



': . 

o , .... , doll •• _Pal, .n4 _h" 
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Fig.2 .1 Simplified geological map of lower Omo basin 
(After ,Butzer, 19110.) 
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beds are uncor~elatea wIth th~ ather four. Allot these 

formatIons are tIlted (usuall~ to tne westj and faulted 

He i n z eli n I 1'382) . 

The MurSl formation is convenlEntlv dIVIded Into two 

unIts i't.l3 ..... 1dson et al .. 

secllmentarv and the uooel- one flood basalt. The lower 

sedimentary unit. dIVIded In to three members (Butzer, 

1971 b), lies unconformably en west-tltled rhyolites 

of orooable 1110cene aJe IB.-oom and Nash, 1976;, ~nd is 

composed of about 151)m at clays. SlIts anri sands with 

5UbOI-dlnatE ~uff a:-Id oebbie Deds ([Iavlo;;on et al .. 

These sedimEntS are contormatJlv overlain bV 

flood b.J.salts, 4.2 M.Y IFllch and Miller, 

1976; composed of a I-elat lvelv few. tnln. coiumnBr 

~lows of o2rk 9rav Dasa~t locallv carrvln9 scattered 

Dlaal~clase ohe~cc~vsts and chlorIte filled amvgdules 
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It includes at l-=~st :t<Jffi of b'-oloJn. gray and buH 

clav5. =Jl~s. sands. qi-avels ~ tuffs. ma J- l s and fl-esh 

fIIatel- llmest.::mes ([ldV ldson "t at. 1',83) These 

sedlments aJ-e ti lted genttv to tne west and aJ-e 

overlain with 5n~lLow unconiormlt~ bv the Klb'sh 

Faultino both 

oaJ-allel and oblioue to the nodherlv aXlS of tiltin'l 

na~ offset beddlng bv s eJer",1 mete'-s locai Iv. H,e 

sedImentation record i3 on~ o~ fluctuatinq fluvIal and 

laCL!st j-lne cycles. r2flectlng altel-natln9 chanoes in 

the lEvel of ancestr3:l lake TUr- !;:2.nCl. (Hetnzelin et al .• 

1982) .Its a9E 15 estImated as 50anning the tIme ranae 

from about 3.55 M. Y to 0.~5 H.Y or oerhaos 0.5 M.Y 

These b~ds hai-d"1 v d2SE1- VE tormat iona 1 names. Thev 

~ccur I n two limlted 3reas of EYOOSUre ~t ~he north 

end of the Labur ranoe west of Sanderson's Gu lf. The 

Lorut~ ~aaoo sedime~t5 contain fOSSil wooo. mQlU5CS 

TneoE beds naven " \ been 

correiated With the ofner fQrma~IGnS in the lower Orno 
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1n15 name was sugae;ted Dv Heinzelln (1982) for mIddle to 

Llpoer F'le15tocene 3f:d Hoiocene fOi~ m.;,t. ions in the lmlJE1- Orno 

basin. The follcwlng are fOr ma[lOnS Included In the 9rouD. 

2A. Burne f'Jl-rnatlon 

The BI.tme fOl-matlon occurs In oniv two ou'tcroos. bp.':.Io'leen the 

e::-::posUl-es of thE ShungLlra forma.t Ion and the Pl-esent courSE 

04 the Orno river. It is made un 04 lacustr.ne deoosits 

which dlf+er In tac:es 8ild shellv -fauna (moluscs and 

aStl-acoaSI frorn the deooslts of the Sr.unoura formation. It 

IS bl-acketed In tlme between tlle UDPel- most Shunl;lUl-a 

formation and the lower K~b15h formation ana is tnus most 

I.kelv of middle to UDDer Pleistocene aoe (Heinzel in et al • . 

1'382' . 

28. Ubish fq :- rnation ',upper Plel=tocene to middle Holocene ) 

This fen-mat ion composed of lacustl-lne and deltaic sediments 

of uppe,- Pleistocene to m.ddle Holocene aGe 

d.scordantlv on the Omo oroup (Heinzel.n. 1982) . 

lies 

Near 

klblsr it Over lies th~ Nkalabonq and ~~uTsi fOl-mation. and 



-12-

iarther south It occurs as a tnin veneer of sedIments 

Qvel- 1v"ing the Usno and ShunqUl-a tOl-mations (Butzer and 

ThLll-bel-. 1'36'3). 

At the type section. located at the south-west end of th~ 

Nkalabong ranoe, restlnq with eros ional unconformity on the 

Nkalabonq formatio n . It comDl- 1 ses four members with a 

mea ;;ul-ed thickness of 12()m (But2 el- and Thun:.el-. 1%9; 

Davidson et al. 1983). The lowest unIt (member I) ~ is at 

least 31m thick , it has gravelv sand at the base fo l lowed 

bv alter~ating clay, si It and sand. in pad lami nated and 

,., op I e ma,-i,ed. and contai ning rewor~ed tuffs close to the 

base. Its too IS ma,-ked by a soi I hol"izon. Membe,- II, 22m 

thick. IS composed ol-edomln5.ntl y of massive silts. depos i ted 

on a basal tuff that blanketed the dissected surface of 

memDer I . 11embel- ill , 4f,m thick. l-eCOI-ds tl~O cvcles of 

advance and retreat o~ lake Turkana. seoal-ated bv a 

Pl-ominent subaqueous tuff bed 3m thick. Its sediments are 

clavs, silts and sands wltn thin snell beds associated with 

the s e cond cycle. 

member I I I and IV, 

Anothel- el-osional Intel- val 5Epal-ates 

marked bv a 50 11 horIzon and sUDseauen t 

d i ssection. Memb er IV IS d ivided into two units IVa 

comprIses 13.5m of sand. Slits and clays with a gravely 

base. IVb, 8m of 5ands. silts wi t h minor tuff. 

sub members r"eOfEsen t transqressions of lake 

The t wo 

TUI-kana, 

s eparated bv a regre! s ion to close to present lake l evel 
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iDavidson et al . . 1983). TIJff from member I has been dated 

at 0.13 1"1. f . Qi- mi ddle Flel=tDcene. !1embel- j II is at least 

3() ,~)(lij years old or upDEr Fleistocene. IVa spans fl-om ',500 

to 7',00 . I Vb from 6600 to 825fj veal-S befOl-e present (ButzeJ-! 

1':<7 1 s, bl. 

ec. Errum forma t ion 

A grouc of lacustrine sedim~nts, b~ach features. gravels, 

reddish sediments and a tuff l ying dl5cordantl v on the 

Shungura +QI-mation in the l<e1em 31-ea are de f ined as t he 

Errum for ma tion (Heinzel l n, 1982). It ma y be lateral 

e::denSlan of the kibish fOl-mat. ion althouat-, not vet 

The thIckness of this formation IS less than 

10m a nd it is probablv ~t uooer Pleistocene aoe. 

2D . Lobum beds 01- Na '-ok beds 

These beds Inc lude voun9 and moOe,-n features of the Omo 

delta, contemporarv f lood clains of the Orno river and beach 

of sanae,-son's Gulf and l ake Turkana (But:e,- and Thul-ber. 

1969) . Late cenozoIc stratigraphv of the lower Omo basin is 

ol ven in Table 2.1. 
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Middle 
Ploat=-Locene 

Lower 
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to 

':'pptt 
PllclI:onf 

Lowor 
Plioc.net 

to L.ow.r 
~Ioc.n. 

Late Cainozoic Strat igraphy of Lower Omo Basin 

(After Butzer. 197101 "ith some modification 

. 
(J,otoplc Rock ~pojltlonal 

P~'C:i Unit. En~lrontll~n~ 

Contemporary iJeit.llC, alluvld .lnd littoral ~d.s 

C:-4 3Iol0-Ii;!OO yr :'tlb. rvb DtIUlc, litLlnl 
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(F .. u.1ltna of Shu(l,ura Fro.) 

K/Ar l.81-:).15 SHIr.iCtsRA nl. Alluvial. dult.o.ic, IInoral, 
mill. J'I" ("0(1\0 UeJs '~ lac\l4Irln" i 

.• .llO')m) 
. U1IULf.l"-____ ~ 

0. 
K/At .'1.95 mill. " NKA1J,~C f~L AUuvlal, 11lto.al·1.lctUtrlno 
yr 9 {~4",) .oHan 

<3 

" (faU.!!i0i. 100.;;1.1 or ,en*rll) I 
0 

KIA," t.05~"' . -I ,\(URSI ~Ib. IV Su.:i.lt 

mUI. yr .i'M. ,\tb.s. I-JD Dcdtatc:. IIttot"3i dluvlal ! fU8ml 

. - lDownllfar,plni al'\d downJauJUtll ot Orno Suln aDd 
R,udoll RUt, on'll oJ," rllllCtl mol-Jol' aplsllth.:.5.) 

(Rape.tad VOIC'oln l~ apt.olios with m.1uh'. baSOlU and i 
. ' rhyolite extnutqn:l u~"r pn1:d.Un( e rosional , I.lt'-- I 

bees J.dVlflo~d 60 th_ Bilsement Campi.,.; fol1oW\.~ by I 
cl.ltUn, ul 0 (111 or more planation ,,,rlac: • • ) 
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2.3.2 Malor Structur~~ 

B'-own and Nash ( 1 "7E,j , noted that the East African Rift (Fig . 

2.2) plavs at best a subsid,arv role In tne structural evolution 

of the lower Om '~ basin. They also ,-easoneo that the ongln of the 

basir must lie in time between 12 M.Y ( the vouncest dates on the 

Turkana lavas) and about 4 .5 M.Y (roughly thE age of the basal 

sedIments cf the Mursl formatIon ) wnlch mav be broadl y coincident 

with the Initial stages of formation of the MaIn Ethiooian Rift 

iFIg.c.2) • 

Based on alfferent lithologIcal ana structLIl-al eVIdences 

(Hein.elin. 1982) postulat ed deoositlon in a subsidino basin. 

Altogether about lkm of sediments were accumulated in the lower 

Omo Dasln as It subsided. ThIS filling contInued wIth minor 

tectonic activity (except the subsidence) near the center of the 

basin unti 1 about 80(J,CH)O veal-S al';lo. 

In the Southern pad of the lowe,- Omo basin. the ma,jD\- structLwes 

oarallel the major topographic features. and have an orientatIon 

which is mD\-e or less North-South (B,-own and Nash, 1978). From 

East to West. these are tne fault system formIng the Western 

boundary of the lake s t ephanIe (Chew Bahlr) graben. the major 

faul t boundIng t he Lab Lt!- '-anDe on the East, the faul t s vstem which 

bounds the Lor i enlom and '"ache.-.angon- ranges on the East, and the 

.iaul t ~'Jhich Dound~ the Lok wanaffiOl-u l-anoe on the East. All ~f 



F I 'J.2·2 Tilt EO"-/. ,Hrican RiH "y~tell1 
Til. TUrKana Rift; SWIt. South wt\urll Rift 
TFI,Te:Pi Fault .. 11. 
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these fault s are normal and dl o stee p i y to the East with the 

poss i ble except l on of tne iault ooundinp the 

(Hein:elin, 1982) . 

The Eastern marqln of the basIn is formed by a tilted surface 

developed on metamOl-phic J-ocks. with ma ,10J- movements PJ-obablv 

occurring along the fault,; which bound the LabuJ- ,-anoe and the 

LOl-lentom ranae (Heinzelln . 1932) . The32 f aults al-e an-anged In 

eneche lon fashIon. 

the volcan ic m·~ss of LOl-l e ntorr, ~ which was pl-obablv a ma.1Dl­

volcanic cente;-, a good port ion of .mich is now down faulted and 

covel-Ed tv' voungel- a!1u.,...- ium . and whIch is pl-esumed t:J ha vE tr,inned 

to the Ea"t (Heinzelin and brown. Db',) . ThE fault. along t he 

southeJ-n boundary of tne "halabono QJ-obabl v had tneir ma.1OJ­

off~ets at about this ti~e\ also resultinq in a trapezoldal area 

1n WhICh s·2dimer.ts were de~OSlt2d bv the [imo 2.nd Usno j-jvel-

Wl thout evidence of tecto:"llc d1 3tLwoance tor about 

(Hei r,:e II n, 1 '382i • 

~1. Y 

From about 4.5 M.Y aoo to about 0.8 M.Y aoo, the sediments of the 

t1Ul-s i. Usno . and Shun9ura tal-mat Ions weJ-e deoos i ted in the vast 

deoression formed bv the preceding tectoni c activity . 

far mation5 conSIst of fluvial and l ~custrlne sediments. 

These 

The Mursi formatio n is caooed by a la.a flow (basalt) datEd at 

about 4.2 M.~. 
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In the Iswer Omo basin the onl y VolcanIc feature which Dostdates 

the older Plio-Fle.stocene formations IS the Korgth ranpe on the 

divide between Sandel-son's Gulf and the modern course 0-1 t he Omo 

The lavas of the I' .. orath range a,-e Ddsanites and tepn,-ites 

of UDpe,- Pleistocene aoe. 

Afte,- considering p,-esence Or man.,. tault: (main l v trendInq N-S) 

and fo I os in the Shungu,- a f Co,-ma Ii on. Brown et al.<1'176; 

pOEtulated their re lation with a major fracture suooosed to 

Involve baseme:1t \~ocks of fJreatel- competence than tne Dvel-la.ving 

sediments. This ma .Jor fracture is assumed to lie near the western 

margin of tne flood olain of the Omo river. Tne faults which 

break UP the ShunqUl-a fO I-mat ion al-e v ieweo as svnthetic iaults 

a10rl9 the easte,-n ooundlng fault of a hOl-s l develoDEd ,iust west of 

the present flood plain of the Omo river. Another fault on the 

eastern margin of the flood plaIn. IS also thought to be aresent. 

A dlsolacement of 250m is necessarv on thiS supposed fault ( Brown 

and Nash. 1976). EVIdence for such a fa ult is provided bv the 

la'-ge metamOl-ohic block found along H,e escarpment at the easte,-n 

margin of the usnc formatio~. and OY the fact that a larae area 

of hot springs and gevsel- pools occurs at this boundary as WE'II­

(B',-own and Nash. 1 ',710) . 
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As a brief summary. sometimes between 8 \~I\)~OOO and 1(H).000 years 

the deposits of the Mursi. IJsno! 

fm-mations ",ere defOJ-mec bv faultinG with tr·e c :-eation of a hOI-St 

01- titled block along the axis of the basin (N-S). 

the Shunclll-a fOJ- ma tion .,el-E eroded follOl.,nQ the even,. a.nd later 

depos I ts of the klblsh fDl-matlon wel-e iaid down on the erooed 

tocooraohv af the Shunoul-a format ion and a 150 further no:-th on the 

LIs no and t1Ul-si fm-matDn. These deDOSl\S :00 an, faulted. Thouoh 

not ver y e:x:tensl ve l v . 

2.4 SeIsmic i ty 

Due to its location in the vicinltv of rEcognized seismical l v 

active tEctonic featLlre. name1 ~ the Main Ethlooian Rift svstem 

(fig. 2.2). this area has experienced the effect of severe eBrth 

qUakES throughout its hlstorv. Fig 2 .3 attests to thiS fact. 

ThIS map classifies the eOlcenters by or del- of maonitudes eoual to 

or above the level of Dotentia1 oamaglng force. Gouin (1976), in 

his reDort consIder ed magnItUde 5 (on Reichter ' s scale) as the 

threshold of aamaoe for Ethlooia. ThIS FlOure also shol"s which 

l-eqi ons of EthioDla have e::{oel-ienced the st.rongest eal-thouakes, 

WhICh means it slnt;Jles out tne al-eas wher E the seismic !'-,azal-ds dl-e 

at their hiohest. 

, , 
--i 



AfRICA 

, •. ___ -lL_..) ___ -lcr~j:;: 

~ E N Y A 

-0 • 
• 

---_ .. _-------........ 
lOcArlO'~s or S[ISMIC EV(hlts 

of MAC""', TUOl t So 

• ~tUd~I ______ _i 

SOH A L I A 

--------~-=y--------- ,. 

~.\ C N I T UO[ SCAlf 

Fig · 2·3 Epicentral locations of earthquakes wit h magnitudes~ 5 
in Ethiopia and surrourding ar(7,ao:. , All sites of repor ted 
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In his reGOI-t GOUln also Ga~e seismIc hazardS mao of Eth iopia , 

whIch .hows the distrIbutIon of Gredicted intensitIes ba3ed on a 

100 years j-ecurrence period end or. a 17. annual probabI lit y that 

th2 md.':"lmUm 'v'a lues wIll De e:x:ceeded (F19. 2.4j. computed bv 

HOWEver ~ it 

lS a common OPI nIon that rocky and semi-roc~v unweathered soils 

higher on unconsolidated soils and on major fault belts than on 

solid ,-oc k (see Flq.2.5). Based on thIs opinion. Goui n \l '37':, i 

,-ecommended that the p,-edicted intensIty values on his map (Fig 

2.4) be uoql-aded bv one unlt if1 the case of avel-aqe sOlI 

conditions (not too well consolidated formatIons) a nd by two uni ts 

in the case of wate',- sacUl-ated. 'Sandy or loamy sOIls. Thus 

interpretation of this maD tor tne studY area Yields grade IX or X 

Instead of g,-ade VIII snowr. on hIs map. [I can be easil y looked 

LID on the f1ercal l; MoDified Intensit v Scale d1MIS) (Table 2.2) 

what amount of damaoe is attached to thIs intens lt v grade hence in 

accorDance wIth the T2bl e 2.2 whIch also shows a cor rela tion of 

the ModifIed Mercalli Intensity scale wIt h those prooosed for 

(ll-OLInd accele,-at ion bv Ca. nca n: -S leberg and Richl er. it is 

consl de,-ed that the seIsmIC desiqn fOl- grade "IX" would be the 

maximum oossible for engineerlng DUfPoses since grade !IX" IS 

considered cata5troohlC (Zeevaert, 1983) The ql-ound wouldn't 

SLlDD01-t constJ-uct icn Ifl a sat iStactOl-v wav," even if the 

canst rue! ion cou Id be designed fOl- an ea.-th Quake ;J~ sLich 
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In his reGod GOUIn also C;;-3 've seismIc ha.zal-Os mao Ot Eth iopia, 

WhICh 3hows the di strIbutIon of Gred i cted intensitIes ba5ed on a 

100 vea)-s reCLI\- ]-ence period 2nd or. a 1% annual probabIlity tha t 

the ma,dmum -.. alues will oe e,cceeded (Fio. 2.4). computed bv 

consldei-ina (assuming) solid qrou nd condItion only. HOr,.JE ver ~ i t 

IS a. cammon QP l nlOn that rockv and semi-rockv unweothel-ed soi Is 

are the least a f fected ty earth tremors while hazards are much 

higher on unconsolidated soils and on major fau lt belt s than on 

solid ,-ock (see Flq.2.5). Based on thiS ooinion. Gall i n i1 '37';) 

,-ecommended that the p,-ed i cted in tensl tv values on his m.;p (Fi9 

2.41 be uograded bv one unit i n the c.;se of averaoe sOil 

conditions (no t too we ll consolidated fm-matlons) a nd by two units 

in the case of water sa<L1rated. 5andy 01- loamy so I Is. Thus 

interpre t ation of thIS mao f or the stLld~ area yields 9rade IX or X 

Inst ead of grade VI II snown on hiS map . It can be easily looked 

uo on the f1ercalli f10dlfied :ntensit v Scale d1MIS) (Table 2.2) 

what amount of damaoe is attached to thiS intenSity grade hence in 

accoroance Wit h the T. ble 2.2 whICh also shows a correlation of 

the Modified Mercalli I ntensity scale Wit h t hose proposed for 

it is 

cc~sl dered that the seism IC design for grade "IX" would be the 

may:imum oossible tOl- engineerlng OUl-ooses since gl-ade "X " 15 

considered cata5troohlC (Zeevaert~ 1983). The o;-ound wou ldn 't 

SUODort construction l ~ a sat isiact orv wav~ even if the 

const ructi on coul d be designed for an earth quake ~f such 
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Table 2.2 Mercalli Modi tied Intensity scallZ 

____ .~ __________________ ~-------------------------~~A~cl~~Qa .~m~~M~.M~h~.r~l1 

lnuonalty EtlllC'" yocinj- !oj .bcr69--+_..D1 A;' ,t,[h,lUJ"'''L. 

1 NOI telt ,""cept by a very tew unde' especially favorabla cucunu .. anc.... 5 7 
n Felt only by Q C~w p ..... o .... lot lest, eapecially on uppe' 1100'. of build· 10 13 

m 

IV 

v 

VI 

vn 

vm 

IX 

x 

XI 

xu 

ings. DelicllLelv suspeJlded objectll mav·awing-. 
Fblc quite noticeably indoo,., especially on upper 110018 ot building., 
but many peoplu do not recoguiztt it as an fiWUwquake. Standing molD( 
cats mav l"~k. olighLly. Vibnu.iou. Jilut p~si.ng of truck.. OwaUon 81i&i· 
mated. 
DUling tbe day tell indoor. by wany, oUldoor. by few. AI n1gblliOme 
awakened. Dishes, window», doo,s dwturbad; wall~ maKEt clilcki.u" 
,0Wld. Senaation lib b .... vy \lUck ,uiking b"Uding; .I~nding 1U0CO' 
carli locked noticeablv. 
Fdlt bV nearlv overvone; many awakened. Some diBhd., windows. tt;tc., 
b roktm; ~ few instance. of crllck.od plaster; wun.able ObjlSCt8 oyor· 
l.urulSd. Dwtwbance at ueee, poles and other laIl objectli so,netUl1ea 
noticed. Pendulum cloclul may stop. 
Folt by aU; many f.ightened "ad run outdoo, •• Sowe beavy fumltUle 
moved; a lew ;'l#lances of fallon plastor 0' dllmaued cltimlleys. Dam­
age o;ligbl. 
Ev .. ryboUy fW\8 ou\doo ••. Dawege negliglbllt In building. of good de· 
sign and construction; alight to modefilttt in w .. U-built ordinary struc· 
tures; considentbla in pootlV built O( ,badly dosianed structures; aome 
cl,imneYIi broken. Noticed by parsons wiving motor cari. 
DiWl&.ge slight in npacially designed IiUUctwell; considerable iD. ordi· 
wuy sWlliumtial bu.i!dinUB with p atti&! COUapSdj great in poorly built 
atructurtJs. Panu) wu.J.hi throw'll O\.lt o{lriWlb SU.lCLwua .• 'aU of cbun· 
neys. factory B~. colunuUl. monwnantli. walUl. Huavy fumitUlti QV"'" 
turned. Sund find mud ejectod in ~unu.U amounLM. Cl-...ogas in weU wa" 
1.f;tf. Oibtulbs per~nd driviug UlOlOl cala. 
Damage considerabltt in specially deuignad SUUctW8.a; weU da.~ad 
Irwno .dt.rucLUlOS thrown out of plumb; great in ljubMtanuw buildinga. 
witb partial coliupse. Duildillgs .Itilted olt toundution.o. Ground e,acbd 
conspicuously. UlIdo,gsowu! pipe. b,okon. 
Some woll·bWlt wooden .tructUloa destroyed; mo.1 maaontY and 
I'Kwe struelUle. wi,h Coundations destroyed; g.oWld badly Clacked. 
RaW. benl. Landslid.s conaider.wle /rom !'iver banka and .ceap ,lop." 
Shifted .and and mud. Waco, splasbod (slopped) OV8' benka. 
Few, If any (waeonry), struclUle. remain standing. Bridge. de.troyed. 
B.oed nuwea in g.ound. Und~,ground pipe line. comple,oly .,,' oC 
.. "vice. Earlh slump. and land .lip. In soft g.Ound. Raila i>8m D.eelly. 
OaQUlga total. Wavos seon on ground swtac81. Lina. of siaht and litvel 

. . dwt<orted:()bjecta t hrow~. uV~~<I !'ltO tbe air, .. . __ ...... __ _ 

2S 30 

50 70 

100 ISO 

100- 250 300 

SOD 700 

SOO-1000 1500 

1,000 ~2 00 

2,500 6,750 

5,000 15,000 

10,000 32,000 

8 



Table 2.:Z Mercalli Modi tied Intensity scale 

.. ,· ..... "'tu.n in mm/uc1 --.'----------=-:----------___ ~--AU,tijIliWQll-w.,._JIIIIL!l&.C-
Fm~w~na~I~tv~ ______________________ ~----E_(_fOC __ ~ ________________________________ _;-~C~~~D~c~iuo~i-~$ui&.~b~.r.9__4--EWuu~--

1 
n 

m 

IV 

v 

VI 

vn 

Not tela. PCtlipt by a vscy taw under especially favofablit cilcununancss. 
Felt only by " IdW "",tiOWl at re ... e.p.cially OIl uppor floor. 01 bu~d­

inas. DeUcll.udv 6W1pEWded object. may"swillg-. 
F"lt quite noticelilily indoors. especially on uppor lloors 01 building • • 
but many peopltl do not cecogWzti it AS an oa"bqualu.~. Standing molD' 
catQ "lilV 10..: .. "lightly. Vibration lilut p~SLng of UUCk. Dwation 8sti· 
mated. 
DW'ing tbe day felt indoors by many. outdoor. by lew. AI nlgbt &ome 
8wakened. Dishes. windows, doof8 dunudl4ld; walls makEt cracki·JlU 
iicuod. Sans&l.ion like heavy U'\lck auUung building; sLlinding motol' 
cars locked. noticeably. 
Fdlt by nearly uveryone; many awakened. Some disbd., windows, etc., 
broken; ~ lew in$UU\c8a of CflLckod plaster; WUiLabia ObjbCt8 OV61~ 

\uruEtd. Dl:iturbance 01 ueos, polea and albae \all objoct$ &Ometullaa 
noliced. Pendulwn c10clul may .top. 
Folt by all; many frightened and IUD outdoors. SomM beavy turnJlW'a 
movw; a law inutances 01 fallon plaster or diUDaged Cttiuu18Y •• Dam­
age .Iigbt. 
EVdrybody runs outdoors. Damage negtiglbla In bulldJng. of good da­
liign and conatrucdon; alight 10 modenlttl: in w(fU-buiJl ordinary struc-
tures: con.sid8Twla in poorly built OI ,badly desioned suueturea; lome 
cl,imneYIi broken. Noticed bV persons wiving m otor cara. 
Da.m&.9Q slight in r.paciaUy designed. itnlctw6s; COIlSiderable w ordi­
nary substantial b WJdinus with partial collapad, glOa.t in PlOol1y buill 
structUl&S. Puel wul1.li thcown out ollriWlb :tU"&C,"Wdi. "'aU of chim­
neys, fac"lJY stacks. columna, AnQDwnenl.t. wall». Heavy h..&rnic.W'ti Qvar· 
turned. Su.nd and mud e jeclod ~ sm411 amounUi. CIUing.a in w.U wa­
Utr. OialW'bs: pen.OUai driving IDOlOt cat'". 

IX Damall8 considerable in spocially de.igned SUUc:&ur •• ; weU dealgntd 
Iramo .tructu,os Iluown out 01 plUl'Db; great In .ub.lilIlUill building •• 
witb pertiel collupse. Iluilding •• hilled off foundatinD.:l. Q,oUl'td cracJwd 
conspicuously. Undorlllowld pipes brokon. 

X Soma woU-b~1 wooden .truclW'oS destroyed; molt IIl&5OIIry and 
Irbm" slruclwe. with foundalions d".troyed; ground badlV cracked. 
RaW. bent. Lend.tide. considerable /rom river banka end .teap .Iop ••. 
Shifted .end and mud. Wator spla.bod (slopped) over banko. 

XI Few. If any !maaonry). ,lruclW'es ,amain standing. Bridge. destroyed. 
B,oad t1 .. urea in ground. Undarg,oUl'td pipe line. complt"oly oul of 
6Hl'Vice. EIU'Ih .Iump. aud land .Up. in Bolt IIrOUl'td' Raila benl greatlv. 

XU Damllge total. Wava. seon on ground .W'fae .... Liile. 01 slaht and lovel 
.. _ dwtorted:()bjecta tllIow!l . u,,~asc1 !'ltO the air: . . __ .. '_' __ _ 

5 
10 

50 

100 

100 - 250 

500 

SOO-1000 

1,000 

2.500 

5.000 

10.000 

• 

7 
13 

30 

70 

150 

300 

700 

1500 

~200 

6.750 

15,000 

32,000 
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magnitude. since t~Ere will ~e subsoils that WIll fail because of 

the 5hear for ces Induced in them before reachlnq these hlqh 

acceleratIons. 
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The main (jeomol'pnic featUl'es Ot the stud', area al'e the meanderinq 

channel of Orno river with it~ natural levee~ ooint bar5, scarp 

and a flood out let enannel I locall y called Kolum) in the west of 

Ine studv Area. WIth Its generallv less than I ~ slope. 

is crisscrossed bv many dry river channels some o~ them having 

subdued natlo'al levee whi Ie some a,'e fIlled l"ith si lt v materIal to 

be barely distingUIshable from theIr 5urroundinas. In addition to 

the network of channels. SInkholes w.th diameters of I to 3 meter 

and Jepths l'eachl nq 4 metel' (see F' late I and 31 and cl-aeks of 1<) 

to 100 metel's long and 1 te; 2 metel' deep (see Plate 2) abound in 

the area. Characteristlc only to the sGuthern Dart o i the studY 

area are some oatches of 5mal l round dunes (naving 2 meier 

dlametel' and about 

vE\Je tat lorl. 

meter hElqht) naturally stabilized bv 



, 
i 

Plate <., An example ot a sinkhole In Ornorati area 

r 

Plate - 2 An example of a cracked ground in Omorati area 
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The studY area totally lies in the suo r Beent flood pla.n of the 

Orno j- i ver and the ch.:?.ra.ctel~istlLs of the sOlIs of the al-ea IS 

typical of th.s deoos.tional e~~ironment to at least the deoth of 

Investigation (3m). A3S0ciated WIth flood oIain environment of 

deposi Ilon are found meander belts. naIL,,-a I levee. poi nt bars, 

flood basins (back SWar.lOE) with aathe,-jng stl-eams and numel-OLlS 

ab·3ndoned channe t s. Bcme of these, 5uc:n as meander be t t. S .=.1nd 

natvral levees can oe dIst inguished bv their aeomorphic feature 

and others such as backswamos (although thev are comoletely 

drained nowl are .nferred from characteristics of soils tvp.cal to 

thIS envll-onment . Ev.dently the fluctuation o. the Turkana lake 

level has had a great .nfluence on t~e deoos . tiona l history. 

dIsPositIon and characteristics at the sUbsurface sediments of the 

aJ-ea 1n oartlculal- and lowe)- Orno basin in general. 

AccOl-d.na to Butzel- (B70~ the deoos.ts around the studv area al-e 

de5cl- i bed as a vcunq (Ho i DCene) and model- n fea t Ul-es of the Orno 

delta and contemporary flood olain of the Omo river. Thus, 

althouoh not exposed at Ine surface. presence of the deltaic 

deposits can be in~erred at deeoer levels in the Study Area. 

The f ollowing main lithol09ical tyoes have been d.stinguishej .n 

the studv area. durIng the f.eld investipation based on 

ooservatlon of orof~les In 20 Olts dug to 3 meter de~th. 
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1. Clays of dark b,-m.n to da,-k grayish b,-own WI th ,-ecdish 

mottl:n" and sometimes aark bluIsh tints, hlohly cracked, 

columnar to prlsmatic :\nd50me1:imeS5Ubanqulal- blocky and 

Lisuallv contain semi-decomposed ThesE soi I 

tvoes al-e tVDlcal of a 1m-mer ly bac kswamo envil-onment of a 

flood D laIn . 

II. SIlt·,. Cla.vs and Clayey Silt,,: at th2 surface thIs unit is 

ma in ly found along dry channel; as a channel fill material. 

Based on the field litholooical descriotion, 

subdiVIded in to the followino sub types. 

It has been 

lla. SIlty clays: yellowIsh brown to dark yellowish brawn WIth 

,-eddish ·,e !l ow and black mottlinq. usually aranu1ar to 

columnar structure but samet imes subanqular blocky, 

contaIns some vertic31 I-oot holes and sometlil1eS cnarcoal 

like inclusIons are ore5en~. 

lIb. ~la'lev SlIt: YeLlowlsh brown tc aark vellm"iish 

usually platv ~tructure but sometimes rna )' be subanaular 

blocky. numerous vertIcal root hales are present, and is 

hHlhl, DOl-OLIS. It h3~ many fe3tures slmilar to lOESS like 

Salls and is consIdered tc be collaosino SOIL. 



Ill. SaD!=Iv5iltsanaSil~y5anG", The s'-t;-fa.ce dost.-ibutlon of this 

litholoplcal t voe is lImited to the southern a~d south wester~ 

oarts of the studv area not verv f~r away fro m Ine western bank of 

tne umo I- Ivel-. This umt has also been subdiviced into two 

subtypes baseD on the field desc rl~t ion as fo l lows. 

IlIa. Sand y si lt s_, da l- k vel l owish b,-own, homooenous. locse to 

Sllpht lv cementea. wlth l ot of micas . Juartz and feldsoar5 . 

IIIb. plltv san_cis, da,-k ye llm,ish brmm. Interstl-atdied with 

small scale c ross beds at s'Jme olaces. loose, angulal-. 

well sorted (ooorly or.deo i contalnino lot o f micas. quartz. 

fe ldspars and 5Dm2 Ileavv minel-als. 

The above desci-ibed litholoqic2.1 tyoes (see also Tabt" 3.1) an! found in 

dI fferent stratigraphIc order from olace to olace and are characterized 

by lensing and thickness variation both laterally and In thE vertical 

direct ion (Flij 3.11. Obser vat ion of two peolooic borehole log data near 

the eastern bank of the Orno rive; (drilled by E ~ hiooian Water Wells 

Constl-ucllon Authorit y. EWWCAi l-evE'a ls that the above lithological tYDeS 

may p,-evall to at least 20 mete,- deoth Ie, the s ~udv a,-ea. The la-,out ct 

the 20 obsel-vatlOn pit5 a nd 2 bon"hcles a nd o1-ofiles in each al-e giver­

in Append i)( 1 . 

I 

I 



Taole 1 . 1 Lithologic. l Doserlption of tne Iacntlf l ed 
Llthologie.l type s 

Gener. l lithologl C.l 
ldescriptlon of tne 
:litnological ty pe s 

: ~ncal 
: type 

: OecriptlOn cf the lH INj.)91CAl 

; uP- type" 
" 

:CLAYS: ------~-----------!- ~f".;' .",~ .•. ~ .. ' 
:Oan: crown to dark greyi~h ;. ~ ..... ~~j_. t: , 
:brown witn redd lsn .... ~.~; ... ).~, ..... ~. , .. l 
:mottliog and $ometitnes jJ,rk :'cl- ~.';;r'~ t • • , ; . 

'bl i hit . t ~ .. "-(.,,- . -.. n 
IUS t n S I • I ."z-'r "J 

:h19h1:t cracked. colt.Jrr.nar to .... "' ~-~4t.~.: ·-;·· : 
: pri seat 1c and somet Hfles { ..... ~ ...' I : ?'l~; J'.~ ! 
: subangula.r bloctl.y structure. .• '.;- .· "l ': . 
:Sem1decomposed rootl ets a re ,i J'1i~'!",;;.;;"':._~ ~ 'l. 

:c~n. These "are tfPlcal "; .. ,' 'b~' -,to ".' 
:oi former ly Dack ~wamp aeposits. : I 4 ! _;~_.:. 

'-=:-::-:-"--:-,,,--;--:---:---::-:--::-:-- --- .--,,-,:-:-~------.....,..-,~~,~~'"-
:SILTV' CLAy'S and CLAYlY ~ lll S : :5I lI Y CLAYS : .:t: 
:Yel1owisn brown : Vf:. !lc.1Sh bre .. n t;) dark .. :-;~ .. ;.:;; : .. ( 
:to dan: yell owisn brown : \'il"lloWl::.r l btlJwl'l , wlt" y.llow'sh 
: somet. lmes w n n reOlll ~n ye 11 ow ; r.:: d arrll b ·1 ae I( IliOt t 1 , n9. USLJll\ y 
:artrl bhcK mot tllf'9. w1th : 3ranu13r to .:olumflar !otruCtun: 
:columnar , ~ubangu·lal· Ii ; but SOItet1mes; suoarl:.J .Jl..lJ" 
:b loCIri.)t , grarrular G;· phty :h·'oc .... y . <'; Ool!e ve rt:lcni 
: structurs , vertl c 31 r;~ut : ro.-rthol es 1(; pr..: s.ent, H,cY 
: ho les dre prE:: 3er,t alta :..11 so cor,td 1 n ';OIllE- t In ;e~ 

:Sc,mctl ~r.e::: the} com::: ~ n : .::nar,.l Ilk\! lftcluSH)f,3 
:ctu, rcn ~.l lil.e l nt:lus 1on:. , It 
:has m:":11 fe3 t.url~:: 51nl~ iar tn 
:10e$$ like sCl1 ~ and " 
:CDn$ ldrir~d to b~ CQl lap:' lng 
: Sal 1. 

, 
.: 

: ClAYE'!' 5'1 L TS 
:'(ol·IOW1'it. brn,m to danr 
:y~l1uwl~n bn:'.m. Llsually 
:pl:ity !tru..: ture ~,how1 n g 

: f 15Si lity but ~oma t l mo~ 
: suo.5.ng\J'IiJ lj ·i O:lry, nurr,cf"OO$ 
; vert.lc!:i ro,)t ,",o ·les a r e 
:dnd lS hlgr. ·lr porOJs. 

. 
... :'..;' '. 

U. , .\ , , , 

,~~~~~--~~~~~~---- -------:~~~~~--------------~~~~~.~ :SANOY SILTS and SILTY SAI'IO~: :S.'NL'Y T~ 
:!Mrk ye l lowi sh brown : Dark yellowlsn orown , 
: homog~neous t o :ou5, loose tli sll ghtly 
: ;nterstr6tif,0C ~anIC()r.1es : contai rnng jot of q\.lart z i 

:w lth ~al11 scal e c r os s :fa ld5pari ana ml CbS 
! beds , m~1nly caMPo~eJ of III 
:angular and well sorted 
: grai os of quartz, fo ldspa rs I 
: nn cas 3nd sr'"Afle rocK f r ,lgAlp.n t s 
:and heavy minc ra is 

;u.:irk ya1'loJi l sh crown, 
: ti ficd ,*,t n "imail SCI'IEt · crp~~~ 
:neds at some plar:: os. l005.J .~: ,;· 
:can t 3 1ns an ,)ul..a:r we il sort.a·" 
: 9:'"8 HIS c; f 1 a t of QuHrtz. 
:f~ la ~pa rSJ mlca~ ana lema 
:hE:3V )' mlnerah, 

, 
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4 . Climate, HVOl- o loDV and Hvdro9..eoloov: 

The lower Dme basIn. 

trooical climate (B'Jt:e,-. 1970). In the absence Ot any climatlc 

data for Omoratl. an extraoclatron of cl Imatic observatIons made 

in 1975-77 at Kelem al-ea (an area 7km fal- to the west of the 

studvarea. formerly Do ll ce oost but now 3bandoned) giV&5 a mean 

dai lv tempera tLll-e could ree.ch UP to 28o C. The cooleEt month~ are 

Septembel- and Octobe,-. From t he Isohevta l map o f the area (Fig 

4.1). a mean annual Pl-ecrpit3.tlon of less than 3(H) m.m can De 

inferred. Rainfall comes primarily in the form of thunder showers 

at i ntervals between late March and earl v Ju ne, sLlPo l emented bv 

fur ther but unr eliable ra Ins In Jul\- Auqust and October- December 

Incomole te records of mon th l v distributi on of 

eVdooration at Kelem fer the y~ars 1975-1977 (table ~.2 ) also 

shows an eVdPOJ-a tion I- anoe of 189 to 350 m. m. The mean monthl v 

1-un-off of ~h E Omo l-iv21- 'fl-om ttus obse l-v3tion is 18'~(i8.27 mI llion 

mS. The d Isch arge of O~o ri ver starts OaJnlng in June reaches its 

peak in August and starts to subSlde aQaln. The high d,~chal-oe 

months are cOi ncident to t~? raIny seas~ns o f the hl~h 1 3 nd areas 

from whI ch the 00110 ri ver or l o lnates and flaws t~rouon . 



T ~b 1 e 41 Mont~ly Distribution of Temp~ratur! J t Kalem . 04 38' Lat . and 36 OS'Lon 
(Sou ree - Wa t e ,.. Resou rees Deve 1 .J>" "ent Au thor I t y , 'tIRDA) 

• 
1975 1976 1977 Ave ra ge 1975 - 77 

Temperature (oC) , Temperature Temperat 'Jre Temperature , , 
'" , , , , , , , , , 
: Month :Max. ~in . Mean :Max. Min. Mean :Max. :-.i~n. Mean : Max . Min. Mean , , 
:Jan. ,36 .2 23.3 29.8 : 36.2 23.3 29 . 8 

, 
, , , , , , 
: Feb. :37.6 22.9 30.3 :37.6 22 .9 30.3 

, 
, , , , , , 
:Mar. :36 . 0 24.7 30.4 :37.6 24 .5 31. 1 :36 .~ 24.0 30.8 , , , , , 
: Apr . :35 . 9 22.3 30.4 :34.9 23.8 29.4 :35.4 23.1 29.3 , , , , 
:May :35.9 23.7 29.1 :3 ~.4 23. 1 28.8 :3 5.2 23. 4 29 . 3 , , , , , 
:June :33 .5 23.3 31.2 :35.5 21. S 29.8 :35 .4 23.6 29 .5 :36. 5 23.0 29.7 , , , , 
: Ju 1 y :37.7 23 . 3 30 .0 :34 . 2 22 .7 28.5 : 35.5 23.0 29.3 , , , , , , 
:Aug. :36 .3 25.0 30.6 :23.5 29.3 '23.5 ;35 . 7 24 . 3 30.0 , , , , 
: Sept. :35.6 24.4 30.2 : 23.2 29 . 0 : 35 .2 23.8 29.6 , , 
;Oct. ~34.6 22.7 28.~ : 23.9 30 . i) :35.3 23.3 29 .3 

; ~cv. :23.3 21 . ~ ~J5 . 9 23.3 29.6 , , ----, 
:Cec. ;36.9 22. 9 22.9 ::4.6 10.5 

, 
: ·30 . d 23.8 30.3 

, 
, , 
'--- . ----------_. 



T ~ble 4 ·f Mont~ ly Distribution of Temperat ure It K!lem. 04 38' lat. and 36 05'Lon 
(Sou rce - Wa te ~ Resources Deve 1 ;Jp,,,efl t Au tho r I t Y , WROA) 

• 
1975 1976 1977 Average 1975 - 77 , Temperature (oC) , Temperat ure Temperat '..!re Temperature , , ,. , , , , , , , , 

:Month :Max. ~i". Mean :Max. Min . Mean :Max. M~n . Mean : Max. Min. Mean , , 
:Jan. t 36 . 2 23 . 3 29.8 :36.2 23.3 29.8 , , ,. , 
: Feb . :37.6 22.9 30.3 : 37. 6 22.9 30 . 3 

, 
• • • , , , 
: Mar . :36 . 0 24.7 30.4 : 37.6 24.5 31.1 :36 . ~ 24.0 30.8 , , , , , , , 
:Apr. :35.9 22.3 30.4 :34.9 23.3 29.4 :35 . 4 23 . 1 29.3 , , , , 
:May :35.9 23. T 29.1 :3 ~. 4 23. 1 28.8 : 35 . 2 23.4 29 . 3 

, 
, 

• 
, 

: ,June :38.5 23.8 31.2 :35.5 21.5 29.8 ;35.4 23.6 29 . 5 :36.5 23.0 29 . T , , , , 
;Ju 1y • 37. T 23.3 30.0 :34 . 2 22.7 28.5 :35. 5 23.0 29.3 • 
, , , , 
:Aug. 36.3 25.0 30 . 0 :23.5 29.3 28.5 

, 
:35 . 7 2~. 3 30.0 

• , , , ._' 
:Sept. 35.6 24.4 30.2 :23 . 2 29 . 0 • :35.2 23.8 29.6 

, 
:Oct. ,3 4.0 22.7 28.6 :23 . 9 30.0 ; 35.3 23.3 29.3 

:""0'.1. : 23.3 2d.6 :3 ;.9 23.3 29.6 
._--' 

: Cec , ;36.9 22.9 22.9 :24.6 30.6 • :.36.8 23.8 30 .3 , ._--- --------



SUDAN 
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Tabl~: 4.2 Mo~thly Distribution of Evaporation at Kelem (mm) Lat.04. 38 
(Sou rce - W.R.D.A) Lon. 36 05 

, , , , , , • , , , , , , , , , , , 
:Year : Jan. : Feb . : Mar. :May :June :July :Aug. : Sept. :Oct. :Nov. :Oec. 

, , , , , 
1975 , 

:255.52 :232.41 
• , , , , , , , , , , , , , , , , , , , 

1976 , :240.79 :142.12 :214 . 12 :209.30:268. 99 :250; 50 :284.48 : 183.72 :329.95 

, , • , , , , 
1977 : 262.64 :289.05 : 216. 66 :194.06 : 189.23 
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'1.2 G,-ou.nd Water OccLwrence-'!.[.d Qua I i ty. 

Vel-V few studIes a \- ailable, aimed at e>(oloitatlon of ol-ound water 

In OmGrati area, indicata the e~ lstence of st ratIfication of water 

salinitIES. 

of each other (Redo Barna . 1~82). Althcuqh no borehole data i5 

avallable for t he are? west of the Orno river, from the few 

boreholes duo b·, EthIoPIan Water Wells Construction Authorit~ 

:EWWCA) on the eastern sIde It can be Inferred tnat the qround 

wate,- level in thIS a'-ea is deeD 'greate,- than 15 meten and the 

g,-ound wate,- IS most of the time salty (non potable) especially 

F.-om deeper levels. Hmvever one VE5 (VedicB.1 Electrical 50undinol 

data maoe by EWWCA at 3Dpro>'.lmatelv 30 meter east of t~e easte,-n 

bank of Orno river glves an i ndicatIon of fresh water aaulfer at 

5.5 - 15m deoth. Mav be recharoe from Orno fIver could be the 

I-eason fOl- th is . 

4.3 History at l ur k.na LaK,?~,:!,el FluctuatlOn 

At its hlohest lev&l . about 80m above the present leve l (Davidson 

et al., 1983) ancestral lake Turkana wa5 ab le ta overflow throuqh 

a low divlae south west af ~iblSh 5ettlement !o the Nile drainaae 

system (Fig 4 .2 ) . Accordinq to Butzer '1970). aver flow level was 

last reached toward the end of tne time of jeposition of member IV 

of the Klb lsh Formation. about. 325CJ fears aqo. At some stage 

between thi5 time .nd t~e present. the la¥e r e t rEated and then 
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surrou nd i ng areas (After, Davidson, 19B3. Wit \1 Sorne moditication). 
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rose aqaln~ pel~haDS bv as muctl as 4(lm enouah to f load nOl-th ward 

along the east side of the Turkana oepreSSlon In to the Usno olain 

. C" . \, Ie;!. ".2 ' , Lac ustrine Eediments of thls staqe . named the Mur le 

lake staae bv But :el- (l'371aJ. are now exoosed In the banks of 

the Omo r i vel- south of the Usno r i \/el- confluence. 

Different s ource (Tamre Hawando. 1988) indIcated that Turkana la~e 

level in 18:38 was '3 OJ- 10m ~Iioher than the lake level in 1'970 . In 

and was only 2. 5m hlqher than its le~el in 1971). 

1917-1918 (tWO yea r s) the laKE level r~se a limi1ed heiaht but LID 

to 1.361 it dec I-eased and was ".~;m beloL' its level in the j'37ij 

from 1961-1970. it rose UD apaln and reached tne lake level of 

From 18':tS up to 1955 (57 year;;) due to the rEtreat of Turkana lake 

ShOl-e all in all 8l)Okme land tormerlv unctel- t he lake emen;1ed. 

Accordin~ to an interVIew with local peoDle. it was noted that 

plaCE'S hiClh \-IP fi-om ummel!i dowr, to the present Tud:ana lake ",<,.s 

covel-Ed bv a sf"'\allow water around 1960';. :3.na remalned covel-Ed f01-

about '3 months ancl co:nmunicatlon to the iu-ea was lnten-uoted. 

Hence sUDollES to the police Guards ocsted a t Kelem area (now le ft 
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After dlstinquisnlnq. UDDel~ • mldale a~d lower delta plaIns on 

the basIs of recent submeraence (F1g. 4.3 ). 

that, llPDe,- and mldd 'e p lai ns of the 0"'0 de l ta as belno 

repeatedlv 5ubmerged dUl-ina tne nIneteenth centLwv, 

While tne lower delta olaln emsraed only as la:e d3 1~21. (Note 

that the studY area 112S near the borcer line between mIddle and 

lOWE1- delta plain~:. 

Based on dIfferent obser va tions O.f shIfting of Orno l-lVEl- course 

thl-ouah out Its hlstOl- Y ~Da· .... ·id38n et al.. 1983) belie '/E that 

variation In rate 3nd plac~ of tectonIC actiVIty throuah tlme. in 

addition to climatIc iactors has olayed a defInite part in t~e 

chanqing pOSItion of lake Turkana shore line witn in this rift 

basin . 

Today tne studY are3 is at 380m aOGve sea level. whIch is only 

about =1111 3.bOVE laKe Tud:ana:.' EVer chan9ing shor= (375m above S!2a 

level) l yi na only 20km far to the south Ot the studY area. Witn 

thls gradient 25 cm /km lnfact Ver\" llt tle north ward tIlt is 

enouoh t.o bl-Ina 3bol}.t inundatIon of this 3';-2a bv lake TU1- ~: ana. 

Coppens etal, (1976) e5tjmated that an increase of JOm In the laLe 

level !,oJi II e>dend the Dl-esent Turkana as much as 40 km fUl-thel-
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north . Hence tne st uciv area belng onl y ~0 km far f rom the la~e 

shore. it 15 Mlohl) orobable that It may be inundated dt1rinq SUCh 

events of ~iSi~O lake levels. 
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5. Sett lemE!nt and SubSldenc., P,-oolP,lTI In The StUdV Area 

In the lowe,- Omo basin I n qenera! and the study a,-ea in 

pa,-t lCU lar, a wlde so reed occurrence 0': g,-ound cracks of (10-100 

meier long and I-2m deep; and sinkholes and sags with di ...... ters of 

1-3 meters and death reachlno 4 meter has been observed durino the 

field irwestigallor, In the a'-ea (Plate 1 to. 2). The presence of 

these c,-acks ana si"kholes is also eVIdent on 

photographs of the a,-ea. ComoarJ60n of two ali,.-ia! photod,-apt;s 

flown in dlfferent v~ars. that IS one in 1980 and the other in 

1988. shows that some of the cracks are of very recent oriain in 

tt'at they haven't been obse,-ved in the 1'380 aerial photooraph 

"'hi "Ie thei,- presence is indicated on the later one. Occu,-,-ence of 

these oeodvnamlc phenomena ir, the studv a,-ea seems a very common 

one. Infact, the probability of a ground in tne area to crack or 

co I lapse ma', be o,-eate,- than not to crack. as can be observed 

f,-om thell- densi tv and thei,- OCCU,Tence Invariably in all types of 

salls found in the area . The densi t y of OCCLtlTence of these 

c,-acks sInkholes 15 estlmated to be .; to II) oe,- squa,-e ki lomete,.. 

Interv iew with local people Indicates that. esoeciallvafter 

heavy I-ain. c)-acks and sinKholes al-E fm-med and sometImes It even 

caused a damage~ catt Ie due to sudden qrouno collapse under 

thei,- feet, 
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Close obsel-vat ion of slnkholes amJ cracks in the area shows that, 

at tne oottom of the Sinkholes and cracks, a loose, fine sand 

layer is present and usuallv sinkholes have hollows on their side 

which sometimes extenos up to other sinkholes nearb y, 

(could be the effect of piping) such clear observation was made at 

one localit v whel-e Sinkholes of pne 4 metel- deep and t he othel- 3 

metel- deep and aoproxlmat e Iv 3 metel- apad from each other, al-e 

connected b v undel-oround hal l ow opemn9. Another observation IS 

that alonq 50me lnClOlent cl-ac ks on the sUl- face~ there is an 

alignment of shal l ow Si nkhol e OC CUITences . Hence it can oenel-ally 

be said that . 

formed at di f ferent sI t es Idue to collaps Ible natu r e of tne silty 

soi Is bv twdl-ocompactlon ) then uncel-gl-ound PlOlno throLlgh loose 

fIne sand lavers connects sinkho les at different olaces leading 

to cot lapse of gl-ound in between. which fOl-ms the cracks 

( Fi~. 5.1). 

At the sIte of Ethio-korean irrigation project. on the left bank 

of the Omo r iver . when water is allowed to pass throLlgh the 

canals. on si te obsel-vat ion of fOI-mat ion of SInkholes. 

underground Dlolnos and craCKS Within fraction of a minute has 

been reDocted (Tamre Hawanda. 1 '~88). 
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Fi(st stage - FOrmation of sinkholes dLlIl to hydro compact ion of the 
collapssing soils and piping of thl2 loose fine s il ty sand 
layer by down ward and laterally moving water. 

- --.~ 
- ...... -._--

Second stage:- Cottapse of the ground betwe<!n the sinkholes due to 
formation ofhoHo.v(pipes) under it crl2a'eshuge cracks. 

r-:i 
L-:-J 

r=:-=l 
~ -I 

clayey silts. and silty clays (collapsing soils) 

loose, fine ,siindYs'ILta.nd slLtysands 

highly fractured clays. 

Fig. 5.1 Block dia.gram illustrating the mechanism of formation ot sinklOles 
and cri,cks in Omorati area. , ." 
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At ;some places in the area sm .. ll dunEs (circulal-. 1 meter hion 

and havino a diametel- of 2-3 metel-sl, which al-e stabi lized 

naturally bv vegetation are also ore5ent . The 1 r Dl-esence is 

limited to areas covered bv fine ;sandy s.lt and Silty sand soil 

t yoes maDoed 

In oeneral. lowel"lng of the \lround surfacE can be accomolished ov 

settlement or subs.dence '~oward et al •• 1978). Settlement 

results hom comoacllcn of the OI-oc:nd by loads nalul-ally or 

al-tificlall." imposed upon them: subsidenc9 IS collapse of thE 

9round due to develooment of subsurfacE vOIds 01- i-eduction in 

volume of sUbsurface materIals Eitner naturally or artificially. 

ComDl-e5slble SOils of low stl-enoth al-e .. ,cst susceot ibte to 

sett lement dunnG and aftel- the placlno Ot loads upon them. 

such soi Is inclUde oeat and othel- Ol-qanlc matel-ials, clavs, 

3Edlments and 

artificIal fill materlats that were InsuffiCiently comoacted 

when emo I aced. Thus settlement has been most common in 
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deoositional environments that include deltas . flood 

Dlains~ tidal flats. old lake bottoms. and olher areas of 

loose sediments. 

52t t lement a I so mav reSl' It f,-om compac t ion of 

satUl-ated sediments as additional sediments accumulate abovE' 

tnem and I tina·, cont inue lana afte,- such deposi I ion 

ceases. The included water 1S fa,-ced else whe,-e. and the 

sediment becomes mare tightl v packed. such changes can be 

initiated or naslened if fill 01- hea·",. ;tl-uctures a'-e placed 

on the surface_ 

5.2.2 5ubside"ce, Nature Caqse2 

G,-ound subsi dence n'su 1 t shorn V:J 1 ume chances '''I thout 

benefit of 3 supe,-ooseo load. Its sUl-face e>:oression may be 

similar to that of settlement. SUDsidence can OCCUl- over 

Del~lod5 of seconds OC centUl-ies ~nd can ranqe from 

millimeters to tens of meters. Same of the causes of 

subsidence which ma y have relevance to DLO- stlldy area are:-

a. Withdrawal of ground water: The most wide soread 

cause of e c<tensive subsidence IS the pumping of g,-ound 

water. Such fluid withdrawa l hom clay bea,-ing 

sediment:. and otne,- loose fi~e (],-ained matedals 

leads to volume reductions. Subs i dence a I so resul t s 

I 
I 
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-" 
Fig. 52 Mechanism of collapse in a soil. The IlYZtastable f abric is maintai led 

by water bonds or clay bonds that are broken when the soil is sat '! rated' 

(After Mathewson, 19BI) 
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Fig. 52 Mechanism of collapse in a soil . The me tastable fabric is maintai led 
by water bonds or clay bonds that are broken when the soil is sa\ " rated· 
(After Mathewson, 19BI) 
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e:.-::amo le, can remove fine particles fl-om loose 

sUbsurface oassaoes wh.ch mav be enlaroed to widths of 

metel~=. The roots Ot such c~.vi ties samet imes co llaose 

to vield steeo s.ded depression Isinkholes' or cracks 

at the surface. 

d. Tectonlc SUbSla~..Df...@' 

Earth quakes 01" h.gh 'vibrat lor; caused bv 

machinenes.bv Jost lin(J sedIments tnat 'val"V later ally 

in OOl"Oslt y . rna ',' ca.use uneven ground subsidence. 

Thev a'Lso i moa,"t flUId I",:e qual.tles (1lDuifactioni 

tD water satur a ted Slits Dr sands. 

~, .2 .::: Treatment 

Wher e materials sub ,leet tD vDlume 

cnanoe~collaoSln9 SO 1 1:; ) thrDuah hvdroconsolldation or 

remDval Df fine sedIments b 'I u"der (J'"Dund wate," pioing care 

must be taken to avo.d e"cess wetting by uncont'"D lled 

ru n-o ff or bv leakaoe from we l ls. canals or faulty pioes 

etc. Al ten,at I vel v . the arDund can oe thorough Iv wetted 

and then compacted before s tl-uctw-es are 0 iacacJ UD on it l 

Dr Dthe," eiabo,"ate methods of soil t,"eatment used fOl" 

loesses can be emo loved fo," the co llaoslna sOlIs of the 

studY area (Table 5.1). Tne auestlDn here is whether it is 
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economIcal to aooly SI,lcn treatments for ever v house. 

ditch or other structures that are units of 

citle~ a" towns. It is also known tha t run-off increases 

with Llibanlzatlon mainlv aue to coveri ng of 1~II-oLlnd surface 

bv bui ldinqs and concentl"ated flows fi'om i-oofings which 

cou I d ao,"-avat e t he subs i dence DI-ob I em • Hence ,'un-off from 

house roofs shou ld by no means be left to enter the 

foundatl~n area. 

Subsidence due to WIthdrawal of subsurface fluids can be 

reduced or an-ested bv )-educt lon of pumo 1 nq or rechal-g i ng 

the Q,-ound wi th Imooi-ted wate,-. E~en though this IS not a 

It can De marked as a 

ootential hazara since in the future a trend mav come that 

by the efforts belnq made. even at such very small level of 

urban,zat,on in the area. t o search -jar qroLlnd watel-~ 

thouOh it seems suffIcient suoolv could be met from Omo 

SLlOsidence due to tectonIC movement 15 usual Iv beyond human 
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the classification tests lies In that the size ranQe gIven for the 

three s~il size prade 'clay. slIt. sand) bv BS differs from t hat 

given by ASn"l. Thus. the sI2.nda,-d m-ocedLlI-es avai lable to the 

Wl- i t 21- bei n9 on 1 v those ot BS. while the available sieve size in 

the laboratory are only t hose comDat l ble to the ASTM standard . it 

was neceS3al-V to make th2 followina modifications on the BS 

Drocedures so as to be 2ble to perform the classIfication test s as 

given in the UnIfied Soil Classiflcatlon System. 

1. To calculate the Derc~nt oi fines thE scil soeClmen IS 

oassed throu~h tne 0 .075 mm (No 200) sieve instead of the 85 

of l) .(it3 mm. This i~ because tne llniiied 5011 

ClassifIcatIon Sv~tem IS based on celculatlon of oercent of 

fInes as the fl-aCtlGn oassino tr,E 1).(175 mm sieve. 

2. fOl- the 5edimentatlon analvsis d"h"drometer i too the 

i nstead of t~e 0.063 ffi2 re~ommenoed bv the as. 1377: 1975~ 

Test (7D}. 

Wet sl e vi nD Or sci!3 contalnlnq i ·iiq~, 3mDunt qi f,-action of 

f lnes 15 made accordlnQ to BS 1377: 1975, TEst 7 (A J. with 

the aoave modiflcatioP3. 
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DetermI nation of the Dl~stic ll~it 13 accordIng to BS 

1377: 1975. TEst (3). LicUlj limIt bv cone penetrometer 

method (BS 1377: 1'375 Test 2 (Ai and DV one ooi nt cone 

oenetl-ometel- method «s suogested bv Clayton and Jukes (1'378. 

fIde. Head , 1984), see ADoend •• 2. Organic matter content 

IS by the i gnIt i on l oss reethod as gIven in Carver, (1971) 

based cn 'Tleasw-lng the N210ht IDs5 of o"",en dried soi 1 after 

heatino It In a furnace to about 55()c;). E)".oressed as 

D2rcen taoe of tne oriQl ~al weIcht. Free swell test IS done 

according to Dl-opos1tion b 'l Gibbs and Holtz (1'356 ) fide. 

H~ad (seE AODend L< ~. .:./ , and f,nallv the cartlcular 

ins trument usea for the DIfferential Thermal Ana l ysis (DTA) 

was NET:SCH, ~!TA-ADD",i-a tl\S 4'A EF/l/41bIlL made 1n West 



1"·.3 laqoratorv AnalysIs ana F'esults 

E .. 3.1.1 r~l! ner a lao 1 caL.£.ompos1 t lDn 

a, Non Clay ~Ilner.!ll? 

[Ietel-mina~lon of non clay ~.: ~~~-.:l 1 + YD 2S was done only on 

silt and sand fractions Ot few samples uSIng a bInocular 

ffilcroscooe with 63 tImes m~pnlilcatiQn and the analysis 

snowed that the SOIls of the studv area maInly consist of 

teldsoar, mIcas. rcc~ frapments and some heavy 

mIneralS such as garnet. T"e d13qram in Fig 6.1 shows the 

relatIon between granulatlon and mIneral comoosition of 

loesses lRybic~a ana RataJCzak, flde. Grabowska-

015ze~..,s~ .. a • From tn1s d:agram it can be VIsualized 

that the share of ouartz increases WIth increasing grain 

SiZES and the share of feldspars IS optImum In tne rage of 

qraln ~iZ2 0.01)2 - O.06mm. Comoar I son of t his floure fDl-

loess soils with the 50]ls of tne stL'j ~ area may be 

justifIed SInce =-0115 WhICh have orOOEI-tles simIlar to loess 

are Wldesoread In the studY area. Particularly tne soils 

Ot the lithologlCB.1 t":!Je II (see Chaole,- 3, section 3.2) 
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b. Clay Mlneral~ 

Determination at the t vpes a t clay mInerals has ceen 

attempted by the methoj of Differential Tnermal AnalYsIs 

([ITA) attel- obtalni no [,T>1 CU1-ves fOl- three selected clav 

samoles. Alinouoh i t can not DE exoected '0 accul-ately 

determIne the c lav mlnergl present bv this method alone. 

never the lESS, the inieror e ta ilon of th e curves for the 

th r ee samales after comoannq them w.th standard cun'es 

g I ven .n lIteratur e (Sri'll 19~8 . Mitchell. 1976) and In the 

Manual of the ~Doal-atus used fOl- t ne DTA ana l ys is, 

i~dica ted tne oresenCE of Nontronite In all ihe tested 

'::amo 1e=. . In FiQ t,.2 t he cur ves 81-e gIven adjacent to each 

at hel- f Ol- compal- 1 son. a nd T ~D leE .. 1 91 yes the oeBk :-eact i on 

tempel-atures, fcr each samole. obtained b'/ the DTA . 

t..3.1.2 

Tne ore:;en:.e 01- aDserice 01 calcium c.~I-bonates on 2:11 samples 

was testee bv dropc.nq 10 X Hel on them. If a sOli contains 

caroonate . it normall v 3hows an effer vescence to a drop of 

HCI due to a reaction takino piace between the HCI. and 

carbonate . The strenath of tne effervescence can usuall y be 

an indication to tne abundance of the c!rbonate in the so.1 

(strong e'fervescencE 15 associated with h.gh amount of 

caTDona.tes ) . Thus. e :,<ceDt f Ol- the clay sa.mole No P-20-7 
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Tab1" 6.f " PH",: Ti';,i!)r,\tu(cS of Ex ;< 'othennic <t ,'iJ Endotl ',errni~ 
Re,:ctior,'; ,,1' C>iffllrential Thermal An,tly~,is of t il l> Tested Samples 

------,---
! SCl!llj) 1 ~· r;~p c i I 
:No 0f 
!anc ~ S~'\ff: :J~ '; r!;j 

:l o.:c.t~,')n ' (':In) 

'--------, , 
: P-2 C-7 

: p- ~- 1 , 

: ~:CC-:: C·t; , 

--_._-_. 
, 
: p- , ~ - ; . ' , ~ (':- i :;.(. , 

litho logicdl dascript iu,i 

?e."tk 
:~x0 U\drm-;;,; 

"ff"ct 
.,t (Dc) 

: ~I.:i :.~', brown I 

: f, ,,"h, i ntact, nard, 
~ '1 Ivd~(dtc effervccence 

: 17'; 
.:: ~ i.~ y : 5r:.5 

: 7t,:) 
: i l l HCl 

, 

----_._- _.,---
~ [,...t ,·k grey ish brown , : 1';':' 
~ ! ', ~-Jh'>, .eathered, 9ran .l~ _"tI-, : :;GS 
:1 ,,,'d clay. loth many 91'""" 
~ ,' ,Jl..it:; 

'kr!: IlI'own, moderately 
,.,,, .• t Lcred ~r;,n .. lar to 
~ ,: \j~;Jnii ', a(: hard, clay Wl LL 
:I ' i,,,"~ ,'1110 dark bluish 
~ i .. ,i t.:. 1 -j IIg 

: i 7:' 
I .' r r , ..... 

._---" -----.... _-----------, 

. : Peak ! 
:endothermic: 

e:f f(;ct ' 

~ ~~ 15 
~ 875 

at (De.) 

, , , 
-----, , 
I~ .... t: 
I .. " I .1 
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collected from North Western oart of the study area, at the 

depth of 200-300cm( see location of Olt 20 in Apoendix 1) 

whIch shows a slioht efferve5cence to Hel, all the rest 

samoles do not do so, Indicating 3bsence 04 carbonates in 

them. 

6.3.1.3 Qrgan1c Matter Content I 

I 
Tne oroanlc matter content bv the lonitlon \055 method was 

detel-mlneo fOl- a nLtmOer o' selected samples. The l-esu Its 

are shown In Table ~.2. Tne h19hest 19n1tlon loss value was 

oOtalned for the Iltholoolcal tvpe I soils and it is from 

5.8 to 8.01.. tne maXImum value being 8.0.~ For 

litholoqlcal t ype II sOils the ranqe is 'rom 3.4 to 6.6% 

Usu 3: 11 v • soj 1= 2" " 

consIdered as OI-qanlc sOIls. Therefore the soils in the 

study area can be considered as oroanic 50i l s. 

6.3.2 Physlca 1 Pl-op2rt ies 

FOl- the distLll-Oea SOil s<>",pi,es collected hom the field. 

determination of tne fol l owlna onvsical orooerties was 

cai-riec out on '5el2cted reoresentatlve samoles. 



Table 6.2 Organic Hatter Conten~ of the 
Soils of Omorati Area 

Sample Depth • , • • , , 
No , of :Organ.ie 'Litholog-:Lltholog-: , 

• and :sampling matter " ieal , leal , , 
: loeat ion (em) in :I; type 'sub-type 
• 
• 
:P-6-4 :240-250 1.6 , , 
:P-7-2 : 100-130 uN.D , 
• 
: P-8-1 : 0-50 8.0 I , 

• 
• • 
:P-12-1 : 0-40 N.D 

: P-14-1 : 0-65 7.7 

:P-15-1 : 0-108 5.S 
• 
• 
: P-4-1 :0-25 5.3 , , 
P-4-2 : 25-110 N.D 

P-7"4 :205-220 4.8 

P-9-1 :0-18 6.0 II II , , 
:P-11-2 :30-80 6.6 

: P-13-1 :0-60 6.4 
,------, --, 
: P-3-5 :89-139 3.4 II , , 
: P-3-7 :169-191 N.D , , , , 
: P-5-2 :42-107 4 : 1 , 

,-
: P-S-4 : 128-300 6.3 II b , , 
,------, , 
: P-12-2 ": 40-62 4.6 , , , , , • , 
:P-12-7 : 300-305 4,0 • , 
• , , 

I , -~ , 
:1804-230 ; " i:' ~ : P-16-2 , 

. ~~~ ,,' 4i~ 



Contd. 

Sample I Depth I I 
I I I 

I No I of . : Organ,';·i e Litholog-' Litholog-! I I , and : sampling matter ·iea 1 leal , 
: loeat ion (em) in :I: type sub-type , , 
I I 

! P-19-1 :0-8 5. 1 , 
I 

: P-20-1 : 0-20 6.6 
, -' 

:P-5-1 : 0-42 N.D I , , , , 
: P-6- 1 :0-45 N.D III a , , I 

: P- 18-3 :67-76 N.D 
-, 

P-3-8 : 191~206 N.D 
, 

P-11-1 :0-30 N.D , 
I 

P-12-5 : 152-202 2.8 III III b 

Example 
'" P-6-4: Fourth layer down from the surface of the ground 

Pit Number 6 
** N.D = Not dete nn i ned 

._ 1' .. 

• 
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6.3.2.1 Soeclfic Gravity 

Specific gi-~Vltv ... alue5 for l-eOI-ese'1tatlve samples from 

lithologIcal tvoes II and III are oresented in Table &.3. 

The range of valLles IS 2 . 42 to 2.71 ·'or a\ I the sample, and 

samole fl- om IltholoGlcal tYoe III shows the highest. value 

whi 12 the 101.est va·,ue IS to'- samples from lltholo(lical tyoe 

II. The lower value of soeciflc grav ltv for these samoles 

2. 42-2.52 ) could pcobabl \' oe account2d to thell- high organIc 

matter content (see Table 6.21. 

6.3 .2.2 t2.raln SIze Analvsis 

Gi-aln Slze af,al v5!S 1-e5ul~s for all tire s5.mples tested IS 

shOl~n in Tab ie .:.. ~ and pe,-centaqes 

of tne th ree Slze fractIons ( clav. silt and sand l for the 

Salls of the stud y area are as follows: 

Lithological Type I \C·lavs' 

Based on SlmOle f ie ld a nd laboratory identi'ication 

or ocedUl-es sLlch as dr y stl-enoth and t OLlClhnes5. The soi Is 

of the li t hological tvoe I has been estImated to contaIn: 



Table 6.3 Specific Gravity of Soils of Omoret i Area 

0 Depth 0 
0 0 
0 of 0 0 0 
0 0 0 0 

!Sample sampl i ng :Specfic :Lithological: 
:No. 0 (em) :gravity :type 0 
0 0 
0 0 

!p-a-1 : 0-25 2.52 1 
: P-8-4 : 128-300 2 . 42 II 
: P-15-2 : 108-130 2.44 11 
:P-12-5 : 152-202 2 . 71 111 



T3bie 6.4 Gr~nulomet r ic Composition of the Soils of umor'ati Area 

, 

-----------_.- ._._ ------_._---------------_._--- ------------

, 
:Oapth :Silt :Sand 

:Classification 
:accordinq to 
:Tr-inngular 
:Classification • : 

:Sample 
::10 
:and of 

sarr.ol inq 

:Clay 
: <0.02 
:m.m 

:0.002-0.06 :0.06-2.0 :Chhrt : Litholo9ical : L i ~ hologi 
: lo·:ation :m.m :m.m : (by PRA) : Type : su i - type , 
: -;:>---6-'---4--- c

2
-
4
-
0
"--:-2-:5"'O'-- I .--.-"-- : --.----- I ---.----.---. I -.--.---.---: --------, -. ----

1 ___ • ____ _ 

:;>-7-2 10C-300 

: ?-8- 1 : O - ·~O 
, _ _____ . ___ I '_"" ____ '_ r 

:P.·l~-l :O - .!O : , , 
: _ __ ._. ____ ,_ . ________ .1 

: ;)" 14 - 1 : O- iEl : 80-90% 10-20% I 
I , __ ." _ , ___ . _____ , . ___ . _. __ ••• _ • • I 

: P- 15- 1 :0- 108 : , , , 
,-------, ------,_ : 
: r='·1::.-1 ~o -· ;80 t 

:--:-:-::-- .. _--, 
:P -20- 7 :~OO-300 , , 
,------_._ . --_._--_: -- .- ------, ._-_._---, - "_._----, --------- ---_._-----, -
:1)- ..1 -1 : G-~S I 46 I 

_._-______ 1 _ _ __ , _ _ ___ 1 ___ .-. _ __ .••• _ I 

',=''''-2 ' ~5- 11 0 ·36 I 

. -- --.-.-~, --_ ... _._._ .. -._' -_. 
! .:; .7 _ " . ~ 49 

• ___ •. _._ I •. ' __ ' _ _ . ___ • ___ ' 

- 10-4 1 .~:- JOO 36 

.. _. -'---'---' 
'r='- 11-L 46 

· ------, -------. - .--.-. 
13 ·- 1 1 .. _ 

, --_ ...... _-_._- , 
l t~ l- 1 9 1 

· ___ . , _ __ ._ , ___ . __ , ____ __ l _~ __ . 

6··2 :4S-170 40 

· ' 7 - 1 

54 : Cl ,; y 

----._- , -- ~ ---- .-.--.---- , 
64 :Silt Clay 

..' ---
51 :Clay , 

--- ---.. _ ' ---. --- --.- '--'--_ ! 
64 :Silt Clay • 

-- --~ .. _._-_. -! ---_ .. -- _._--_._--_! 
54 , 

•.• ! 

46 
-, , 

61 
, 

60 

80 

: C 1 d,l , 

_._1._ .•. ______ ...•. ___ . _ _ 

: Cl ~y II 

: Si l~y Slay 

:Siltv Clay 
_._ -----
: Si ltv Cl ay Loam: 

... . , .. ...... _. _ .. _. __ ..•. _-----:- '--------- ,-.. 

II a 



:Sample 
No :Clay :Sil t : Sand 

: and 
: locat ion 

; Depth 
;of 
:sampling 

: <0 .02 
:m.m 

; 0 .002-0 . 06 ; 0.06-2.0 
;ru .m :m.m 

: Cl assification 
: accord i ng to 
;Triangular 
;C lassification 
:Cha rt 
;( lI y PRA) 

: Lithologica 1 
:Type 

-, -------.- \ ---_._, -------, 
~?-7-5 :220-280 64 36 : :C'l.1y 
• ______ , ____ ._ •• J . __ •••• ___ • , • ______ ____ , _ __ • ___ .' ____ • __ • _____ • 

: 128-300 41 59 ; : Silty Clay 
, _____ , _______ • _____ ._ ___ .. ___ • __ . ___ ._._._. _ l ___________ , 

:P-S-4 45 1j5 : :Silty CliiY 
II 

, , . , ______ , _______ . . _____ .. ____ , ____ .. __ ' --.----_··_--·-·_·0 \ ____ . __ ._. ___ ! 

: 108-180 40 : 00 : :S llty Ci ay 

-'---_. ---- -- - -- -- .. " __ , _____ I ____ •. _",, __ • __ ..•. _. _________ I 

: 1 JO- 140 3~ : til ; : SilL'{ Clay 
_ _ •• _. __ • __ • ___ •• ________ r ____________ , 

~7 03 : 
----_.- .... _-_ .... _-_ ..... _.' _'_._ .. _._._., _ •..... __ . . ______ .1._. ____ ___ ____ , 

: 1-' 16-' 2 : o- ~~ 43 ij7 : 

: O--:~ O 4i: : : C'!dY 
--,----_ ... -----_ .... -- --

:~·~O- , :4~- 107 
--------" ... _ .. _._-- -.... _- : .. . -. _---------, 

53 47 : , 
__ • ___ •• : _. _______ • __ ______ 1 

'0--15 13 G9 ~ 18 : Sl lt'l lo"m 
.. _ ..•.. _, _._-_ .. _----- , 

::' - , 0-- 1 09 : 18 : Si 1 ty LOiim , 
•. _____ " • __ • _ ___ •• ______ t 

Contd . 

l tho logic. 
. s !b-type 

:------

II b 

15 37 :LLldln ----,- ~-:----
II b or ... --- ,~ .. -----.-----. --_., 

(,... 1 1 t .1 ~ I 

'" 40 : Lo.'un II or III III a 
.-:-::-. --_ ....... _-

: ,'-18" 3 : 191-:~ Ob 14 37 : LO.lln 
; , 

- - , - - - ----------. - ---.,,- ! III ,-- - _.---_.--------- .-. 
J • ' . ..., 
. I - .,)- .... : 0- CiO 1 1 83 : Sdnd III a 

. ~ 1- 1 11 £9 : Saoch' LOam 
_. ~ •• _: • .• _ •• ____ ' _____ ____ 1 III b 
78 : sancl >{ Loom 

---"--"._- '- .. _---, -------
• PRt. Publi,: Rr.ad Adminstral.ion. US 

• 



Di;un.ter (mm) 
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Fig. (;.3 Grain Size Analysis Curves of the Soils ot Omorati Area . 
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5i I \ [ I) \0 20): 

Sand 

Lltholoolcal rVDe II ( Silt. v Clays and Clavey silts) 

IIa) Slltv Cia\!= : I b) Clayey Silts 

ClaY' ;6% to Sq'!. Clay 13 to 64% 

SIlt <14 to 61 ., Silt 36 to 80 t;" 

" " 

Sand neoliqlble Sand 1) to 18 " '. 

LitholO<iical TVDe HI (Sandy Silts a'1d Silty Sandsi 

I ira) Sa'1dv S t L t 5 II!b) SI I t y Sands 

Clav 14 t o ] ~, ~ Clav 5 to 11 Yo 

S, I t 44 t o 
4 '" 

Yo Si I t 11 to 20 ~.; 

Sand 37 to 4 ( I}; Sand 37 to O~· ./ 
uu " 

Tne sha~e of curves In F l ~ ~.8 5h~w that the soi l s of th~ 

litholooical tVDe III are Doorlv graded. From this data it 

15 alsc evident that u nli~e the litho l oplcal tvoe III soils. 

the dlstlnct.ion whlc" has been made on the \itholoqic tYoe 

II In tD the S'_tot'yoes Ila ( slltv clavi and lIb (clavey 

silt) baseD on the fiela descrlo!ion alone. is not 

confjrmed bv the laboratory gral~ SIze analvsls. which ]n 

thIS ca;e shows that a 5011 Identlfied as Silty clav in the 
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fIeld may become a clav silt and \'ICe versa, baSEd on the 

labor~torv grain SIze analysIs. Th15 is to be e"peded 

because of the difien~nt lev61 .. of aCCU1-acV im'olved between 

th~s~ t~ methods. 

The 0 lot on US. Pub lic Road Administl-aticrrr'.. Tri..angular 

Cla~sifjcation ~.i fa. ~h~ t9_~Qd •• mples is shown 1n F1g. 

6.4. In this chart samples from lithcrLoo1cai tvoe II fall 

m"inLv 111 the ri?<;Jl0n tor s1 ]f,,' ~la.,. .... rut some In a I-egion 

tGl- clavs and sal1!!'rle<; irCJll litl'tOloOlC .. l 1Yt>e III mainLv in 

.... e reClon!< of \=m, sandY loam or 5and. SlItv loam 

'vanet ies .rr.. Q,LS<l fOUA<> ""',et> COLI<d bQl.a~ "~tnel- to the 

lithological tYoe II or III. 

Atterberg L1m.ts 

ThE' n.sults ef the Attel-berq I1mi t te:ts <In? shown in Table 

6.5. The values can be classif1ed 1n 3 grouos. The first 

ene with the highest values of lioU1 d limit from 60 to 78X 

and olast1c1tv index 18 to 35 is fer litheleglcal tvoe I 

seils. The second aroup wlth llOUId lImit from 35 to 58X 

3nd pLastic1ty index 7 to 22~ is for lithoLoqlcal type II, 

The third arOUD from litholoa1cal tvoe III 50ils 15 with 

eut any elastic1ty, hence nen plastic. All va lues 

determined ~er all samples ef tne three 11thological t ypes 



PERCENT ~ILT 

.. 
Fig. 64 Plot on Triangular Clasitication Chart ot the Soils of 

Omorati area. 

• 
( US, Public Road Administration, Triangular Clasification Chart J 

" .. 



• 

of Omorati Area Tao - ~ 6. 5 Att ~ f-~~r ~ L imi~~ o~ 

Soi;s o~ (Source 

S: .. r.:: le 
:'~ 'J 

~c:::J ttl 
,yi 

:Liaui d 
:l imi t 

"rid : E~::r..: 1 inq I ( lLl 

-:he Soil s 
;I.R,D,A) 

:P l astic 
: 1 im i t 

(PLl 

:P lastic i tv: :' l 
: i ndex : C 1 a~ .,> i ff-: Litho logica 1: L . tho logica 1 

(PI) : i eet ion : Type : Su:.-type 
I o,~ ._\ ~~ i on I ( '~· 'l · ; ( in % 1 ( in :i;) (in %) :~l0.3.C.S: 

I ___ __ . _____ I _ _ ____ . . _ 
-.- -' _. 

- . _ I 

: r-i- ~ : ? ~ ·)-2;O 75 41 34 ,jH 
, 

, _ ... _---- .. -- , 
: P-7-? , 100-1'lO 78 ' 45 0' "., 001 

, . . _. 
: P-~-l 40 24 , OH 

~.-.. ----- , -----
:0-40 I P - ' ? -1 

" . - . 68 I 44 ' 19 ' OH , 
--------_ ... 

: P-14-1 60 ' 42 ' 18 ' GH I 

... --- ----- ----- ----
70 44 , 26: OH 

;---- _._- - •.. _------_._, ---- ---
:P-113-1 ;O-lAO 68 44 , 24 OH 

._-----, 
: P-17-6 :210-360 , 

77 46 ' 31 OH 
• , ,- - --_._. 
: P-20-7 : 200-300 

, 
71 36 " , 35 OH , • , , 

: P-4-1 :0-25 56 • 36 20 OH 

: P-4-2 25- 110 52 34 , 18 OH , , ._----_. _. 
:P-7-4 205-220 56 , 

36 20 OH 
-, 

: P- 10-4 155-300 UN,D 34 
, IIa , , 

: P-11 -2 ,30-80 53 36 
, , 16 OH 

:P-13-1 '0-60 54 ND 2 1 OH , , , ' 

:P-3-7 169-1 91 49 , 
37 15 : ' OL( ML) 

, 
:P-6-2 45-1 80 58 , 

33 ' 21 OH , , , 
: P-7-1 0-100 N.D II , , 34 ' 
• • , 
: P-7-5 :220-280 57 37 22 OH(MH) 

,--



T':'0e 6. S At t L' " '~ I~ rIJ 
So i ; ':: o~ 

Lirni-r.,?-Qf 

(Source 

S~ . .r:s le G~::;trl : l iaui d 
N') I .J'; :limit 
u,j :,2 ,r~linq' (LL) 

lo':d: ion I ( , :,.,) '; (in %) 

I H. _ __ ._. _ ____ I __ '_H __ . , • - , . -
: i)-c- "t : :? .. L)-! ;/l) 75 
' _ ... H . .... ___ 

:P-7-2 ' 100-1'10 78 
---- --.--

:P-~-1 : I)-~;j t34 

-- , 
'n- 12-1 :0-40 , 

6~ , ' , 

~he Soils 
I'I.R.O.A) 

:Plast ic 
:limit 

(PL) 
( in :Ii) 

-' 
.:11 

, 45 

, 4,) 

, 
44 

of Omorati Areil 

:Plasticitv: t : 

: index :Class iff-:Lithological:L : thological 
(PI) :i cHion :Type :Su::l-type 

(in %) :~lu.3.C.S: 

. , - , .. - , 
34 

, ,:11 , 
._ , , 

33 0'; 
,-, 24 , OH 

H ' _ ' __ ' ___ , , 19 , OH , , 
. _ .. _----- , -

: P-14-1 ~O -f,~ 60 
, 

42 18 0H I 

.. ---- ,-
: P-1 ~-1 ~ (1- 1 ( if"\ 70 , 

44 26 
, OH , , 

,------- ______ . ___ I ____ . _ _ _ , 

P-1 ~-1 ;O-lRO 6& , 44 24 OH , , 
-, ,------, 

P-17-6 :210-360 , 
77 46 , 31 OH 

,----_._: 
P-20-7 : 200-300 71 36 " 35 OH , 

P-4-1 :0-25 56 36 , 20 OH , , , , 
:P-4-2 :25-110 52 

, 34 18 OH , , ,--
:P-7-4 : 205-220 56 

, 
36 20 

, OH , , -, 
: P-10-4 ' 155-300 UN. D 34 IIa , , 
: P-11-2 :30-80 53 36 

, 
16 

, OH 

: P-13-1 :0-60 54 NO 21 OH , , 
:P-3-7 :169-191 49 

, 
37 15 : ' OL(ML) , , 

:P-6-2 :45-180 58 33 21 OH 
, , 
: P-7-1 :0-100 N.O , 

34 II 
, , , • , 

:P-7-5 :2 20-280 , 57 37 22 OH(MH) , , 
,-------, 



Contd . 

, Sample 
No 

Depth 
of 

:llqu i d 'P lastic 
1 im it 

(Pl) 
(in :t) 

:P l asticlt y: I I : 

: lim lt 
iLL) 

(i n %) 

:index :Classiff-:Lithological:Litho ' Dg ical : 
and : ~ ampl ing (PI) ication :Type :Sub t . oe : 

: loca t ion' (cr,,) (in X) .(U.S.C.S: 

-----,------ --- ---
P-7-6 280-300 50 32 I 18 OH(MH) , 

: P-B-4 1 ~8 -'300 53 J5 OH 

40-6 2 47 , 32 13 • OL Ilb 
,------ -----, -_._--- , ---- -
:.P- 14-2 55-145 50 ' 52 17 • OH(MH) 

:P-15-2 
----_. --_._-_. --,----:--

34 ' 15 : OL(ML) 
----,_._--- ----

:P-15-3 33 ' 

:P- 16- 2 34 • 16 • OL 

:P-19-1 O-il 41 N.D 11 • OL 

:P- 20-1 I u-20 50 33 18 OH 

---- ----,-----
: P-~-2 42-07 46 : 32 14 OL(ML) 

---,--- ------, II or III :!Ib C~ III ~ : 
P- 10- 1 0- 15 . 35 28 7 OL(Ml) , 

, 
---,------

P-5-1 0-42 N.P OL(ML) , 
-----_._----

P-6- 1 0- 45 N.P N.P OL(ML) 
-_._--, -----_. -------, - ---- • ._----, lIe a 
P-18- 3 :67 - 7i; N.P N.P • OL(ML) • 

III 
: P-3-8 SM 

._-,---_._--_ .. _---
:P-l1- 1 : 0- 30 SM II I b 
, ______ • ______ , - ______ 1 

: P-12-5 : 150-;:02 I 51'j . , ---- ---_._----, ---- ----, 

• U.S . C. S = Unlfied Soil Cl asffica t iull Systam ( see table 8.8) 
.. N.D = not d.,termi n",d • ••• N.r = non pl as ti c 
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,",ould plot below A-line on the Cassaorande's plasticity 

One clear ooservatlon that can be made from thIs 

data is that in tMe litholoolcal t yoe II, the Atterberg 

highe,- si It limit ·"a lues for tne samples containing 

fract lons. are as hlgn as for those contalnino higher clay 

Two D}-obable )-easons carr be st?ted to e"x:plain 

this ohenomenon. 

Qne reason may be tnat the SIlt fraction of the Silt 

dominated soils could be oredomlnant Iv ,-epn"sented by the 

vent fine si It fraction near the bOUndary to the clav size 

fraCtIOns (0.002 mm~. The second '-eason could be that the 

clay tra.ction of the eta\' Slze dominatea sOlIs may be 

pl-edominantl\/ reDl-eser.ted bv f)-actlons near this al-bitl-al-V 

bounda,-y between c lavs and 511 t s. 

6.3 . 2.4 

a slmole test which was oroposed bv Globs 

af"ld Ho od: 095E,) ,flde.Head (1'~84:' is defined as tne increase 

of the soi Is vOl ume from a loose d)-v powdel- form when it is 

Doured into water e~Dressed as the oercentaoe of the 

m- 1 q 1 na l y"O t urne • Table 6.6 shows free swel I values for 

selected clav samoles. According the above cIted authors 

sOlIs wllh free swe1.1 values less than 5!)~ are not likely to 



Table 6.6 Free Swell Value of Clay 
Soils of Omarati Area 

Sample 
No. 
and 
location 

Depth 
of 

sanlp 1 i ng 

: Free swe 11 : , 
:value in :Lithological: 

:t : type , 
..,------' -:---:-:,.,.--- ---:::-- ----
P-6-4 : 240-250 50 
P-7-2 : HID-DO 40 
P-8-1 :0-50 60 

,P-15-1 :0"':180 50 
:P-20-7 :200-300 110 

Table 6.7 Table of Estimatio(, of 
Expansiveness Based on Free Swell 
value (After, Math~wson, 1981) 

: Free swel l 
:value (%) 

, , 
: Expans i veness: 

, ,...--:-:---:-::­
:Less than 50 :low 
:50-75 :Medium 
:75-100 :High 
:Greater than :Extreme 
: 100 

. ,. 

I 
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assoClated wlth clays WhlCh couid swe ll consldel-acly wnen 

wettea. !?soecially undel- liant loadlna. 11aking use of Table 

6.7 v-JhlCh classlfies salls to thelr degree of e~<oansiveness 

based on thelr free swell value; the c l ay samp les F'-8- i , 

P-lb-l and F-21)-7 have medIum to e>d.,-eme e };:oansi veness. 

TJ....,::.s hIgh 8.:<oansiveness could Oe due to the OI-esenCE of 

nontranite detected in them by the DTA iSee. 58ction 

6.3.1.1) • WhlCh oe lonas to the clay minel-ais of the 

Smectite grauo known for thel' hlqnlv e~Dansiye lattice. 
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50i 1 classi.tlcations lS the olaclng of a soi 1 into a g l· OUP of soi 1s, 

all Of which e>'~'lDit simllar bena'/ior ( Lamoe and Whltman. 1',69). The 

correlatIon of behavlo~s wIth a a~ouo jn a soil clas~ification system IS 

usua 1 t y an emo 1 r ieal one deve IODEQ through cansidel-ab le exoer lence. 

Most soil classitlcatlO'1S emo't:JY very ::ilmo "lE Index- tvoe tests to obtaIn 

the characterIstICS of the sell needed to GLace it in a glven groUD. 

Tne most commonly used characterIstICS a~e oarticle SIze and 

p lastlcit '{ . In 1~52 tMe Bure;u of Reclamation and the CorDs of 

Englneer;; In US aevel G::Jeo a ~njfled SOLI Cla:;31flCo.tlon SV5tem \US(5) 

lntenoEd for use in a t 1 enqlneel·lna oroolems involving sci 1s. Th is 

cla~Slflcatlon IS oresented In Table 6.8. and to WhlCh classes tne 

501is of the 5tudv are3 may beionq 1E indIcated below: 

F19. b.~, snm.s plot on Cassam-ancie's F'lastlcitv Cha,-t of all the 5011 

samples tested ln ~he lapo.-a torv . Acco'-dlnql v at I tt>e '/alues fall below 

A- 11ne ~n the Plastlcit ,' Chart. Hence most of the soils of the area 

belong to OH (organIc clays Ot medium t o hlc:h plasticity) .or MH 

\inol-ganic silts. micaceous flnE sand~' or 511tv soil$ } . OL toroanlC 

:;ilts and organj.c SlI t '{ cla ..... s Ot tow oiasticltV) or ML \Inorqanlc silts 

and vel-V fine sands. siltv. or c13yev . fIne sands wlth slight 

olasticltV). The coar:;er qralned f~~ctions are maInly classiiied as SM 

( si ltv sa/'jas~ OOD:-:\: l;:n-aoed si It. sand fTll> : tul~es) 



Tabl~·,.8 Unified Soil Classification System (After Wagner 1957) 

Maio< dMslons. 
Gr_ Typical name •. labotaICNY dauMicldion aileria. 
symbols. -. . -

CU .. ..!!m Co Well-gradod gravels. HHf !f "iii" GW 
g(ave~&and mixtures. 4Sc..andlsecS3. DIO f iIi"~ CC= "0] Q", :r CII ::;. 9. 5' .-

~". ~ ~ ~,,!.5. 

~~" "'~ Poorly graded gravels, -- .. gl 
~ii" GP NN~ ... Nco .... 1injJ all gradaIion raquir..,.,.. '''' GW. 1 ! gravel·sand mixtures. .... ·,1 g 

• if~~ ~r~~t .-
~ "lID i~ L~ aM 

Silly 9,awls, R~·"~~ AlIOfborg limit. below 

'" 9f8't'8f-sand-&ill mixlut8$. ~i\ll~~ "A" fine '" fp <4. Above -A-an. and 
I'. ~ ~ ~ll} ~. ~ Q. 

4 S ",s7 ... bold" ... 
~ R'~ B' • ~ !g.3 i caK requiring ute 01 

U 
o!. ~. ID ~ -H Clayey gravois, 

Z Joa 
Altorbotg fimita ... duof .ymboIs. 

a' GC graveHand-day mbdur.-s. 

l' ~ 
"A" line and 7 sip. 

a' 

n' ~ II 
.~ 

'u, 
!I 

~o SW W.'f.graded aando, 6sc..ondlSecs3. 

U e'" gfaveUV sands. ~ s! Q ~ ~ 
II!. ii" e. 

~ !11~ i~ Poorly gr.oded sanda, I 
p 

~ h~ SP 
graveUV sands. ~~ Nco moeIinjJ all gradaIion roquirornonls 'or sw, .. i~ !!:. . •• 

~ . "0 1 .-
1 !"I~ f[ Il f . 

SM Siky sands, 

f 
Altorbotg IimiIo below . - aand--sib rnOOures • "A" fine", Ip". _"A"wand 

11 it ;;i; 4 • Ip s 7 are botco_ 
o!. g' , ~' 

C8II8S requiring us. of 
iii' .!.OI:!: Clayey sands, AU.fbef'g Wnits above duoIsynmois. H SC san<k:iay mixtures. "A" fine and 7S fp. 

a 
--

Incwganic sitts, very line sand$, ~-

i-fI! ML rock ,&cor. siLly 01 dayey line sands, n 
clayey aiks with dght plasIk::iI:y. Plasticity _. (%). II z;:r .: 

f [i C; I!I l!l t !S E iI 
Inorganic clays of low 10 medium 0 • 

CL 0 :; t 
[ [0 p!ast;o'y, gravelly days, sandy clays, 

I -s; sllty clay&, lean clays. ;; -
il: ~~ 

it 

~ 
~ ~. 

OL Oraani9.pil1a, "'garlic slky clays I!I It, lj. 
~ 01 lOw plasticity. \ ~ J 
~:!1 8 . , 12 ~~ 1\ 

..... . 
Inot~ sillS. micaceous Of diBlOo f~ .. n f MH maceou& line sandy 0( sifty sot., Ii: ~ \ 

5:~ elaStic sjt"f 3'l'l 
\. i~ • P' ,'" $g 

~~ CH 'notganic clays 01 high plasticity, [\.. £ ~ 
~~ 

fal days. 
Cl - ~ ~" 

~ go 

~ • 
~~ - ~ ~. 2l .\ t 
~ OH 

Organic clays 01 medium 10 high 
e plasticity. 0l0'lflK. &ilts. 
~ 8 \. N' 
o!. 

8 ",0", 

~~~ PI P6al. highty Olgaruc soils. 
~~-< 0 -

80tdsrlinB dsIssiIications. used '0( soil. possessing charact&ri8lica of 1'MO gtoupa, aro deaignlled by oombinaIioM Gf or~ aymboIL 
For inslance: GW-GC maans wen-graded gtovel-satd mfllClure with clay binder. 
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Silt i5 inherently unstable . cartlcularly when mOIsture is increased. 

with a tendenc}' to becomE quick when satura1ed. It IS rel~t]vel v 

impervious. dlfficul~ to comoa~t. easll v erodible and subject to oioing 

and boilIng. As a result of IMe piatv morohDI~9v of mIcas: sand and 

silts containlna onl v a few pe~cent mIca ma y e '~hlbit both hlQh 

comOl-essibilit v and lal-oe sI-H?'llino dUl-lng un l o3dlil·J 

Fig 6.t. 

O~ganlc matter present even in moderate ~mollnts 

as may be seen In 

i ncr e3.ses the 

compressibl ljtv o.nd reduces t Me staDll i tv of t~e fIne prained 

components . It may deC3 j caUSlna voids Qr by chemic3i aiteration change 

the prooertles of a soil. Hence or~anlc 5011s are not desirable for 

eng 1 neet- i ng u;:es. Since most of the Sa l ls in the studY area are 

consIsted of hlOh Eilt fractI on containIng micas and acorec lable amount 

of organic matter (Table 6 .21. tMey may not bE desirable for 

In Table 6.9 a general indIcation of the permeabliity. strenqt h ana 

compressibilltv of the various soil 9rouos along w]th ~n Indicatlon of 

the re lative de5i~abilitv of each Qrouo in earth dams. canal se:tians. 

toundatio n3 and j-unwa'.;s is Ol ven. From this table 1t can De seen that 

the SO l Is of tne stud\ area wnlcn ~ostlJ belcnq to OH. MH, ML~ 

511 9rouos In thE Un l t:i.sd SO] 1 C'la=slficatlon SYstem (USeS; are 

unsuitable for most civil enqineerinq wor~5. 
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Fig· 6.6 
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Swe!ling index as a function of mica content for coarse 
grainQ:d mixtures . (After Terzaghi, 1931; fide , Mitcheli.1976) 



Table- '6:9 Engineering Use Choirt (A Iter Wagner 1957) .. 

TTP:cJ.1 Names 
of 50ii G~cup~ 

Grc:Jp 
Symb:lls Permul:-i lity 

when 
ComraC'[ed 

Imr,,~u.nl Propcrlie-s 

She:lri " $ 
Stre:1 .o;.ch 

wr.cn 
Compa.::ed 

""J 
Sa~'.lra~::d 

C..;,mpre!si. , Work a.. 
t-i fi:)" ! ~ iht)'::l~ 
wh C':-; i a. C..>n. 

C .;rnputed. , Strl.lcticn 
~1'I.1 P Mattr i:ll 

Slitun.t~d 1 

Rc l :It :~c DCSlt3bd it}" for V.l.r10UI L:ses 

Rolltd E~nr. DJ.Ir.$ C:s.n..:; S<!c~lolns i F"u r:.~J.t;ons Ro..l.c"",,· ,ly~ 

, I I, Fiil:;=r:-
H Cl rr.Q· !. ! C"m' ! I ' ____ _ 
enecu, ; I Eros.lon l acted ; Scer::!.':!!! . Se1!;,,::!.ge , Frost Sur-lm.a.n.k. ' Core She!! i RCll\t. ~.J.rth ; 1m- ! no. Im- : He.ve Frost tra In 
ment 

Well·gra.~~d :!:r;).'~!~. gr:l.H : -$:4~, .j 

mi .,\I I.: ~\. little o r no tin e$ 
Pootl) .graded gTa\e!~. r.r;).\~l" 

sane mt \lUre~ , l in lt 0r no ~nes 
Sjh~ gTil,'.tls. p"Nly gr3jed 

gr.l1c!· iind-il:t :ni,\!ure; 

; &nee ! l " ; poru.nt : po".m l , HQYe I~ e .. 
j I Inlni I 1 I nco I Pouibk 

----------____________ 1 __ . _ _ · __ I ___ ' ___ I __ i ___ POSS,"., 

C!.tycy gra,ds. poorly grJ.jej 
gr;). \ ( J ·sa:ld·': i o.:~ r:'Il,\::.;res 

Well-graded sands. ir;,l.\cll~ S .. r.d5. 
linle or no roOtS 

P"olly r.J.d~d s.1:-'h. 8!':·.\c!l)' 
sa.nc:!s, !iu!c cr .'11,) lintS 

Silty sands. pOC'!!)' g:J.ded 'J.::d· 
SIlt :ni ... l~rc .. 

Clayey sa.;Jds, pcor:~ gr:;.df'd <:lcd· 
cla\ m i:'l.t\.:res 

InQri~nic silu ~nd \el')" !ine ' ~::~i . 
rock lIou:, SI !!\' or ,:Ia,e,' 5ne 
un.:!s .... ·uh sli.~t ;:.'lolS!iI;'il)' 

Inc>rb3~lc clil)'S o i 1-.);1, to mc..! j ~m 
plasu..: :ty. rra~cll) days, )an.:1)' 
clJ.)s. 5111) cl.lys. ,e3J\ clap 

OrgJ.!'!tc silu and org:.nic )ilt·.:IJ.)s 
of 10v. ;tl:U1tell)' 

InN,snic silts, !!'>kJeeouli CtT di3,. 
tom~.:eous fime fWl'\dy or $,ity 
soils, dasll": SIlts 

Inorganic elsys of high pb.sti.::ry. 
rat dJ.vs 

Ori!ar.:c ·cI:s.ys of !'ned:um to ~. ig h 
"laf'ic.itJ 

Peal :.nd Cther h , ~ !l!y Ofhl!n lc }o.! i 

GIV 

GP 

(;.'0./ 

GC 

SH" 

SP 

s .\( 

SC 

.I.fL 

CL 

OL 

.\fH 

CH 

OH 
PI 

perviClU5 

I ver)" puvi"l.!s 
se:::lp~rvl~us 

1'~ Impc"~iOU\ 
, Impcn'IOU$ 

pervi"",,,a 

~ 

pervious 

semiper"\ IOU$ 

to imptr"\ ious 

imper'\ ious 

semiperv-ious 
to im?uv,ouS 

impervjeous 

scmip(r'\i";'U$ 
10 1mpeniolJ.s 

semipef'ious 
to impef' ious 

impel"\'ious 

irnf'trviOU$ 

c),,;:el!t:lt 

800 d 

good 

iood !O 
fa.lt" 

exce!ler:t 

,ood 

good 
lood to 

f~ i r 

fair 

fair 

poor 

fa ir to 
p~or 

poor 

pOOor 

. i I 
, c .. C"¢ ~ lcnt ~ I , , , 
, I , . 

negIlC' i!:'! e 

negl iiibl~ ,..,cd · 2: I 3 

ncgli, : ~I~ sued :.a 4 ol I' • 

\cry 1,J"oI.' £,o..;,d ) 2 6 

: . J 1 i 
uc ';!knt ; [ if ! 6 I 
It · rr;;.vcl:\· ! 

neil ¥ t!:' le 

, 
"er'1 low j 

I 
I 

.(:lir 

I i 4' I ' I 
I I if i If , 

. ! !TJ'.Idiy : gu\ell) t ! 

I:,,:w 

'ow 

m~~ i \;:n 

rr.eJ;'.Jm 

mrj ium 

high 

high 

h;'h 

I , 

I 

b I t 

i""d 

f.l !t" 

good to 
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poo r 
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! .8 ! 5. I 
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geological mapolno IS based. '1ot on 

lit nostrat iqraphic unlt5 in conventional Q2oloalcal maDDing. but 

on the reC09 ~ itlon of homooeneou5 lithological units that In any 

one area rna \; have a range Ot geoloqlcal aoes {Bul le tin of IAEG \ 

No. 24. P.25!, 19811. 1he oegr ee of homogeneit y I~ relal2d to the 

scale of the map "'no an internationally acknowledqed5et of 

t",xonomic uni ts (UNES[O!I~EG, 1976: floe Bulletin of IAEG, Ne. 24. 

1981) based on litho loqv has been establlshea. The llt holoolcal 

engineerIng gealoaical uni t s and thelr oeflnit lon as g Iven i n th15 

Bullet in is as follows. 

The engineering aeo\ogi cal t voe has tMe hlOnE.t degree of 

ohVSlcal homogenei ty. I t should be uniform in litholoqlcal 

character and oh vslca l s tate. These units can be 

by 5tati5ti;:ai l'" derived values from 

Individual determinations of ohvsical and mechanical 

orooel-ties and are genel-allv shown onl y Of1 laTge 5cale maDS 

(laroer than 1:5000) 
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2. \d.tholoalc31 tyoe lUI 

A lIthological t~pe is homogenous throuohout i n comoositlon. 

t exture and structure~ but usually 15 not uniform In 

phVSlcal 3tate. Reliable values of average mechanical 

prooerties cannot be gIven for tne entlre unit; usually only 

a general idea of englneerlno Ql-ooe.-ties. with a range of 

va lues can ce oresented . TheSE Llni ts are shof.oln on 

la rge-scale. and posslble. on medium scale 

maos(1:5000-1:10.000) . 

A lltho\opical complex comprises a set of oenetlcallv 

related lithologIcal t '!P 9~ develooed 

oaleogeograohical and geotecto~lc conditions. 

speci fic 

within a 

li tnological comolex the soatial arrangement of lithologica l 

tvoea IS uniform and distinctive fo r that comoley, but a 

lithologIca l comDle)~ i s not necessarllv uniform In eIther 

lithological character or phYsical state . In conseauence. 

it is not oossib le to define the phvslcal and mechanical 

orooertles of tne who~e lltholoolcal comolex, but onlv to 

gIve data on the Individual litholoqical types comprisl~g 

the como lex and to Indicate tne Qeneral behavio~s of the 
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who te I i the lDg lea 1 COffiO IF:<. The litholoqlcal comole,., is 

used as a maoolr'9 Llni t on medIum scale and some small-scale 

The lithologIcal slIite ccmor ises many litholoQlcal ,:omolexes 

that deveiooed under aeGerallv simIlar ~aleogeo9raohlcal and 

tectonIC conditions. It has certa,n common lithologIcal 

the sUlte and serve to dlstinoUlsri it from other suites. 

lithologIcal BUlte can be defined. ThIs units are used onlv 

on small scale maps. 

7 . 2 Q~l.ineation and Enolfleerlno GeGIOOlca.L Cr,aracterlstl r S--.2...+. 

Based on the aOGve definItion oi the taxonomIc units. tne surface 

1:10.000 has been C3rrled oet on the baSIS of Identlfving the main 

camp le;.:"e5 II maDDIng unlts. bv 

infol-mation acouii-ed by field observation and samollng followed bv 

svstematlc laboratory tests such;3.s Inde~< DrOOEI-tiEs and qraln 

51:::e .3nalYSls. ~lthouqn . the anal isis oi laboratory test results 
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COGflrmed tne three lithologica1 dlstlnction of chapter 3. sectIon 

3.2. in enqlneerin~ geoloQlcal terms. but it did not providE any 

l-esu l t that may enaole to mal::e +:..! )-thei- cleal- sub-divIsIons which 

may be ussd to characterIze the lllitnoioOlcal tvoes in to 

sub-tvOES. Accordinglv~ it was found Dos51ble to identify three 

l'lltholoqicai units" for the maDDing ouroose all oi them which 

COIncide with the three lithological tyoes of Chaote~ 5. These 

lithologIcal uni ts and theic er;qlneerinQ geologIcal 

characteristics are as follow5: 

LItho l.Q9j_~al UnIt A 

dark brown to dark grayish brown, wlth reddish mottling 

and some times oal-k OlUlSh tints, h19h1v cracked, columnar, to 

prismatic or sometimes subanou13f blocky structure. Usua 11 V 

contaIn semi-jecom8osed rootlets. Thev are hard, modeJ-atel\' 

weathe,-ed to hlghiy weathe,-ed. The li~UId limIt fOI- thIS type 

r3ng9s from 60-78X. oiastIc l Imit 40-44% and olasticity index is 

generally from 18-35~, whIle the orqanlC matter ranges from 

5 .8-8 .O~ • • All thE laborat or y tested samoles fall ~elow A-line on 

Cassaq,-ande'S Plasticity Chad and ace classified as OH (hIgh 

olastlcitv orQanIc clays) accordlnp 

Classification System (USeS). 

to Uni"ied Soi 1 
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sometImes with l-edd15h '/eliow 8.nd aal- k mot tlu'9 . it rna\' usual l y 

have granular t o columnar. sUbanqu lar biocky sometimes olaty 

s t nlctu.-.,. 

roothol es whicn in most cases are similar to loess like sal ls In 

their oropertv including collaoslno. The I,ould limit ranoes frpm 

35-561 .• plastic l imIt 28- 37% and olasticity inde):: 7-21Y.. Ol-qanic 

matter is 3 .8-6.6X. All samples fall below A-line on tne 

Cassaqrande ' s F' lasti cit v C~, art and aloe classified as OH, MH or OL 

( low plasticity prgaGic silts or clays). Mlner aloglcallv theY are 

composed of let o~ anaular grains of. Quartz feldsoars and mica 

p lates. 

SandY Slits and Slltv Sands:- malnlv dark yel lowish brown color, 

may be homooenoLls 01- interst\-atlfled wl,,:h s ma ll scale C1-055 beds 

3t sc~e olaces.loosE. fine grained angular sands. all pass ing 

(No. t.O Sleve . i.e . 0.30 mmj . DOOl- I y 91-aced. t hev contain l ot at 

mlc as lmalnlv mUSCOVl te). Thev are classif ied as ML ( ino;-oanic 

si lt s and very flne sands , sl l ty or clayey fine sands with sliaht 

elasticit y) to 8M (Si l tv sands . oaor tv graded sand. Silt 

Determlnatlon of tne sand . SIlt. clay X +or this 

litholog lcal unit qlves sandY. ::: silt % ::: iI - 50 and c lav X 
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5-1E.X ~ 

angular grains of Quartz. feldsoars. mIca olates. some heavy 

minerals and rock fragments. 

De I ineat ion of the aooro;<"imate boundaries be",een the three 

maooing units was done from an aerial ohotooraohic mosaic of the 

al-ea with the same scale as the maoDing scale (1 :10,(100) ~ malnl v 

b~sed on the,r relative tonal differences. In addition to the 

above ma.i or maoo I ng Un! t s. two ot her SUb01-d i na l e maDo i ng Un! t s of 

a n undifferentiated Iit hoiooical units A and &: and I.tholooical 

unIts 8 and C. are Incluaeo because of the dlificult y oi Dulting 

the boundarIES between them at thIS maOOlno scale. 

Cross and lono p,-otlles alono selected lines With their location 

are gIven in Aopendix-4. to snow a generalized oicture of the 

distribution of and relationshio between the various lithologIcal 

units identified In tne study area. These profiles make it clear 

that the various lIthologIcal unIts are characterIzed bv lensing 

and tnickness variatloP both In the vertical and horIzontal 

dll-ect ion. 
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8. Con~ Ius lons and Recomm.endat Ions 

8.1 Concluslons 

The lowe,- Omo basin .. nose fo ,-mation is believed to be ~'s one at the 

b;-anchlno ,-ift svstem (ILlI-kana Rift) of the East Af,-,c:an hift IS 

unoel-laln bv a ','erv thIck (aboUt 1 km) of deltaIc, 

flUVIal sedIments, w.th some horIzons of tuff 2nd basaltic flows, which 

wel-e deoositelj in a suosldlnq basln starting apclI-o ::nmately 4.5 ~l.Y aqa. 

The dea,,;;its of tl1e lm,er ulna basin a '-e ail faulted and fJ-actured 

extenslvelv and ;;ome In m.n01- e;ltent. The fiUl:tuation of the laf:" leve l 

of the ancestral lake Turkana. whose fluctuatIon is known to exi.t st.ll 

to the present time, has had a great influence on the character and 

distribution of the subsurfaCE sed .ments Df tMe whole bas.n. The stu.dv 

area totally lies in the subrecent flood ola.n of the Omo river, the 

deposits 0+ I"lhlCh are composed of clav3. SIlty clavs. clave\' Silts, 

sandy silts ar.d s.lty sands. Al, a,-e characterized bv lensino, 

thickness varlation both hDrlzontal ly and verticallv. and are found In 

different stratigrapn.c order irDm place to alaee. 

soread occun-ence of =In!:'hotes and cl-aci::s In th15 area Whl::h IS 

believed to be due to hydrocoITIPachon Ot collaos.no SOIls and p io ing 

through fIne 511tv laye-E . 
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Due to its location in the viC lnlt v of recoani~ed sEismICall y active 

tectonic feature (the Maln EthloClan Rift ) nas exoerlenced the effect of 

severe earth auakes throuqhout its histarv (Goui n. 1~ 7b). The Seismic 

intenslt\' ~rade of the area correSDo~ct~ to -'IX·' or "X'I on the MMJS. 

The resul ts of the labarator"v' anal ysl:3 pel-tormed on selected 

,-epresentatlve distUl-bed samo·les show t~at the c·:av 50i ·I S of the al-ea 

contai n nontronlte. The Free swell \/aiues: fOI- these clav samoles 1S 6\} 

to 110 WhICh corresponds to medium to high exoanSiveness. The domlnant 

non clay minerals in the coarser grained soils ( Sandy silts and silt y 

sand::) are aual-tz. feldsoars. micas . scme heav\' minerals and l-ock 

fragments. All the testeo sampies contain aOOl-enab le amount of orqanlc 

matter (2.6-8X) and ca l-bonatE':; al- e absEiit 2)~Ceot In one samole. 

Speciflc gravitv ranges from 2.42-2.71. the hiohest value being for 

samole from the si ltv -sand5. T~E ora:n size analv51s results snow that 

throU9h the O.3mm s,eve. The olat on t~e T~ian9ular Cla£siflcatlon 

Cha.d (uS. Public Roao Aamin15tratlon) oi the testeC samoles show them 

as fallIng In the re9i ons of clay. slltv clav. ~lltv ioam , sandy loam 

and sand. And the plot on the Ca55agr ande · s otasticlty Chart based an 

the Atterberg I,m,!s show; them all 10 fali below the A-Ilne. and thev 

are cla~sifled malnlv as OH. MH, OL . ML or 8M in the Unifled Soil 

Classiflcatian Svstem. 



- 92-

Enc;pneerinq geologlcal maDDlng at the scale Ot 1 :10.f)(h) was can-ied out. 

The baSIC ta::{CnOmlC unit chaserl tor the maOPln9 OUl-pose IS the 

"Li tho loq iea I Tvoe (L Tl " . 

Identi fied. whIch are: 

Aecordinqly three litnoloolcal units are 

Lithological unit A: 

Litho l ogical unit B: 

Litholooical unit C: 

Siltv Cla~E and Clavey Siits 

Sa ndy SlIts ano SiltV' Sands 

The EngIneering geolo91cal studY can-ied ou t Iii umm-at i al-ea whose main 

purpose is to eva iuate and mao the 2.rea fOl- the curcose of Ul-ba.nlzat ion 

has ,-evealed tnE fol101'"ng haza,-dous ccndlllons. wIth out IoJhose 

cons l del-~ t ions rna"". not be possIb le any undel-tak:inq at Civi 1 enqineel-inq 

WOl- k 1 n the al-pa. 

1. Although not vet well established some qeoloGical ev i dences 

Indic3te tne oresence of major f2Ult on tne we5te~n m~roin of tMe 

flood plain of the Omo ri vei- I.'lhich lies some klLametel- awaY fcom 

the western boundacv of the studY area. the 

DOSSlbilitv of a future d.50lacement along this fault which cou l d 

be accomoanled WIth earth oua~es of apDreclable maonitude may be 

d1~a5tcous. as it lS known that seyer~l destruction of cities in 

the world had been associated with major iaul t jisolacements along 

near bv faults. 
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2~ The dl"'ea 1185 in one of the most seismlcally active zone at 

EthIopIa. Stud,' of FioUl-e 2.4 (/1ap of seIsmic Intensitv ) and 

aoplying the l-ecommendat ion b 'i Gouin il':'76) • to upq,-ade the 

, 
con-esQond i ng lntensitv ,11- ad e on thIs m·~D • In the caSE of not too 

we II consolidated and satw-ated sCll conaitions~ gI ves an 

intenSIt y gl-ade of ' If' and ' X' for the stLldy a)-ea. It 15 

considered that the SEIsmIC design for g'-ade JIX / would be tI-IE 

Therefol-e. the ground 

would ~ot SUODort cons truction in a 5atl~+actQrv W3 V . e ven if the 

constnlction could be desionee fOI- an earth ouake at such 

magnItude. Slnce there will be subsoils that will 4all because of 

the shear forces induced In them. 

3. Study of the history of Turkana lake le~el fluctuation indicates 

tnat this a'-ea ,= orone 10 flooding ov the TUI-kana lake w~,ose ever 

changing shore ties anI,. 21) km south of the "judv a,-ea. It has 

been Estlmated that an IncreaSE of 10 m In the 1urkana lake level 

can e xtend this lake as much as 40 km further north (CcDoens. 

197';;, ) • With the 9radlent 2f aoproxlmatel~ 25 cm / km between the 

Turkana lake shore line (375 IT! a.5.l.) ana the studv area (380 m 

a.s.l.). the ir"lundatlon of tr!ls al-ea bv thE lake , in the future. 

is hlQ h lv grobaole, 



~. P,-esence of act ive qeodvnamlc phenomena. such as. wldesoread 

occur renee of 51 nkho 1 25 a.no CI- de ~:: s . ~\lhose ocelli-renee IS rna i n 1 y 

attributed to PiPing and presence of collapsing soils.' is bv it 

self a red sIgn. wal-n ... ng aaalnst any civi 1 englneel-lnq use of the 

area, with out careful consideratIon of thIs phenomena. 

5. In general. the studv area IS characterIzed bv dI ffIcult subsoil 

cOMi t ionso". i~1 tn the exi:,t ence of the abovE hazardous 

*1 Soi!s that are susceptible to large dec,-eases in bulk volume '1he~ they 

become sa~IJl-"'ted are te,-med collaoslng soi 1= (Mitchell, 1"06). Collapse 

may be tl-iggel-ed bv water alone 01- b'l satuTatinq and loadlnq actinq 

togethe,- . 

*2 According to Zeevaert (1983) I diffIcult subsoil condition may be defined 

as those encoLintel-ed In 5011 sedIments of medi;..\m to VEI-Y hlOh 

comoressibll i tv and medium to verv 101; strength e',d "ndlrto to great 

deoth, and in those IIJhel-e tne hvaraullc conditions O't av an imom-tant 

role~ as well as when the soil deOoslts al-e found in al-eas subjected to 

stl-ong r;lI-ound motlons induced bv eal-th ouaj.;:e";. 
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conditions in the study area, in addition to the highly compressible and 

low strength soils characterIStIC to the area it can be definitelv 

concluded that the study area IS characterized bv difficult subsoil 

conditIon. Thus ~ oresence of dIfficult 5ubsoil conditlon in an area may 

incur e::dl-a costs for remediai ma.iol-~ on ever V kInd of clvi 1 engIneerIng 

in the al-ea vJhich may be uneconomical in many cases, Ol- It Iliav 

even pl-ecluoe constl-u.ction 0+ othel-s. such as heavy bui Idings . 

. Hence. considel-lng tne pl-esence of the atOl-emen~ioned hazdl-ds; tt'"}2 al-ea 

is totally unsuItable for urbanization. Thus It should either be 

avoided or the tYDe of land use l3uch as aaricultural. tOLiI-ism or 

resld"ntia\) should be regulated whia, keeos the number of occupancy pe,-

acre to a minimum In keeo ing with the degree of hazard. However , which 

eVE)- is the land Llse 1:vDe~ the tollowinq orecautlonal·Y meaSLn-es should 

De oOse,-ved. 

8.2 f:ecommendat ions 

1. The susceotibllitv of some o~ the sCIls of the area to collacse 

settleme~t should be elUCidated by scientifIc criteria available. 

One such crlts[ia of Gibbs and Sara ( 1962 ) is a probability of 

collapse graoh through which the collaose potentIal of soils can 

be assessed plottino them based on their natural drv density 

verses liouid Ilm Its . Accordingly crooer stabilizatlon methods 

SLICh as comoaction after we tting to the oot imum mOlsture content 
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or otheT elaborate methods of salls stabi ll:atlon useo +or loesses 

listed in Table 5.1 can be emoloved betoP2 olacing any structLtl-e 

Dr. them. 

2. Concentrated run-of' f rom cui ldln() roofs 0'" other sources snould 

not bv any means be allowed to er.te,- the toundat lon a,"ea on the 

coilaosible soils. 

3. Even WIth t he provlsion of enouqn structural safety for the 

buildinos With more t nan I-storev are not 

recommended conslaerin~ the hlqh dEoree Ot seIsmIC hazard ("I).II or 

I1X U on the t1.t1 .1 .S) Involved in the area. 

4. Deslqns Ot bui-LdlnQ'5 and othel- const r uctions should taj.;-e In to 

account the e ::-::ceSSlV2 comOl-essiblllt v of the soi ls !.\oJhicr: mainly 

belon() to OH. MH. OL, ML, 0;- SM groLlDs in the USeS ) Llnde;-lYln() the 



- The lav out of the 20 obsel- ',ation pi ts (P) and 2 bOl-eno\es (BH ) 

- Description of the Drcfile~ In each oit a~d borehole 
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CLAYEY SILT, j)a.n< ~elloWiSI, brown, Fresh, Soft, rnte.rStfc,t:f,'ed, " 
w.'th ·inie.rCo. IQ..i-;ofl <!If looSe I f,'fle Sa'TId,; S:I~,' 

. 
CLAY I Da.rl( bfOLU'h, '3I"~h+l~ WeA.thae.l, fja.rd , Co lu:mM.r, ,fra.ss 
r&HS Q.'nd Sem;de.~1TJpose.J ve..1e+<ti-.'o-n Prese'hi· 

CLAVEYSILT, YellowiShbrOUJl1, FreSh, r:.;rm- $i:;ff, PIClty 

5,LTV CLAY, Ye.llowiSh broum, Sli~htl~ we.a.t+1UeJ, Ha.rd, 
Ah9ulctr bloc.1l Y I 

CLAV~Y SII-T, ye.!loLUi$hk>r'lIum, FreSh, E='irm-Si:iff. Platy. 

~ CLf'r'lE'{ SILT I DOorI' yellowiSh bloW", I=r(.Sh, C;oft, ~on'lo~-entous . 
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c..Lh VE I{ S ,La / Ye.lloW i ~" brow)1-, $/i~h+l~ weAtht.r~ I »a..rcJ I 

1+1'1 IJ III a.. blo ~y I I pon u.s w.'-( .. h l'1u. rne.rous vert. CAl (Ott h"~ . 
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SILTY S~tJlf; Da:rkyellowish b.-own, FreSh, loose. Fi71e. • Qu.etrtz, 
-k-14S'a.rs Q"nd m'CA<5 u-t: the domi'l"lo:nt In'-"e.rals. -

~IL.T'/ (LI'rY, Li9ht bJ1)W11 , Mod·W)€.Q.there.d, f-I'rlY\-HQ.rd, GrtHalelf, 
w 1'+., ~ rQ.s.~ rlPoU o.:nd lit. rt:-,'C4 I root hele.5, , 

S,LTY SA-NJ). DAtl< bJoul'n, ~,.eSh.lo.Se.~SIo"h+lyCt.mt)\t(.', -I-Omll~tIletxl~ 
wl,.h (l.w..a.rt) 1~lclspa.rs (\.1\.~ hll'CA.S ~cnnt')\Q.t ,,')\~, 

SI lTV CLftY, 8row", Wlod, we.~:t.h~ I Ho..rJ, G-ro.'hu./tr- (o/L.lrI'I1ar. 
W ,'th "ed.tl~h and f/OLC/C. tnOi1./"l\~ ' 

S I1-T'I SAN}, vane: yellowiSh IIr9v.''I'l I r=reS~ I Loose , H"mo~t.r ecvs. 
. (l.~lo..rtl' kilts ,CV-$ 0..1'\4 tyll(.A..S .lIP"., ;'hCli ,''\'1'1' 
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G-ro..ss t'90H o.re. pre. Se.llt. · 
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CLAY, .Da.rK~rey;shbrovJl1, rL~hl'l\.lJeQ.there.J. Ha..rcL, Gra:nu. <t.r, 
G-r-o..ss hoH o.re. pre. se.llt.· 

L LAY! Y SILT, Da.rK yell ow; Sh brown, S I; ~j,.- M.d. wedhe n~d, 
St;ff· Ha.rd., C.f)luna.r- Su.ha.YI~u.Jn.r bJoet.!!, fvr~5 U},'t-h 
h ll. m e..ro us v · rOQt hole S i I 

SILTY SAN)), Da.rK yellowiSh brow", Fre5h - C;II'~h. we.a.t.here.d, 
loo se I Some. w~o..:t f: S<;:\t 1'l'I the. middLe. (uQ.'1e.'1-S,'tt ). 

CL~y, j)Qrj( brOu)h, fta.r-d, c.olu'lrl'hctr-Gra:nu.lo..r 
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CLAY, lla.r-K brouJn ,u):th bJO-U. Q'l'ld bitliS!' motf:li'l'l9 , m( a - h'~h~ 
we.a. t he red , H a;-o) Co III 7011 (\r- Crt-a. 'hU ta.r- . 

CLf'..'(fY C;ILT, 'Da.rK ye.llowiSh bt"OwYl, SU~l:dl'1 we.a..the.rt .. d FSSilt'.., 
Ftrrn· ~·t.'H, PoroV5 Wlt-h11!.t11\erOUS y. rootnotes, (Q(.I.O.Ii-j ,-feldsfO,rr. 
Gl.r\.J 11\; (0...5 d em " na.. +e . 
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, CLAY , DQrl( broUJ"h, Extremely we..o..there.d, GrQ"hllia.r · 

• ! 

C L,AYE V lOll;-T , ye II OW i Sh brOUJ11 , S I;~h . weQt htre..d. Ho.rd . pl e t.y, 
w,th re.dci,sfl rnottl.n~ , POIOU ~ UJlth nLlmerOLL'> V' I-oot h , les . 

V. FiS5LLre.s "-' 7 (ft'\ . o.po...r-c . 

CLAYEY SILT, ye.llow,'Sh brOt.Uh , Si"~h . we.o.-tne.re.J, Ha.rd, An~:.lla.r­
bloCI'Y I Redcl:sh Qnd ~¢o.o: (Y1ott 1I ll./, pOiWS .wi ' V· rset ho ;~ S, 
$,'m:lo..r +0 O,boye exce.pt +flo.:t. f,'SSu.re..S a.re "V ~.,.1o(1YI apo.ri· 

C LA V I DQI~ b row'l1, HQrd , CI!>Iu. in7lQr - G- ro.l1Lt Ia.r · 

CLAy E Y S I L T, __ _ 

CUW, Do.rKbt"ouJ'h, m6d , -I+"~hly we.a.t.here.o,Hard ,SU.bQfl~LL(rhloCKY, 
w,'th J;,lu lSh ii'l1t a.i p!a.c.e~ . 

CLAYfY S I LT , YeIIOl.l!;o;hk>row"h, SIi~h .-mod·we.a.Hered, H-C rd , 
Intel c..t . 
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CLAY I Dane yellowiSh brown I hi~hly We.a.the.re.d, t+a.cd., ~lL.ba.'r')~uJa.r­
blDC:~y - Crro..1!tllo.,rl 

SIL 11 SAN]), .Dane ye.llowiSh IiIrOw'h, freSh, Loo Sf, Fine, Ho"f)ege~O()s . 

CLAY, __ . 

SI L T'{ SANll,- - ~ 

CLAYEY SILT, Dan: yellowiSh brow'l1, MtJd ·-Hi9h1y Weo.there c' I 

St;ff-II-a.rd I A'h9u.Ia.ri1/oc.~y, Porous Wit-Ii V· lPotholeS 
'e.dcI:Sh a.:hd dar¥- mottli))~ . 

CLAYf.Y SILT, ])a.rt yellowiSh broU>'l1,FreSh,Soft. FiS5ureJ. (.-,ocm.QfIl'"­

C LAY I 1>QrJ<:: brOW)) w;th b)u.i~h a:nci. r~d:$fd.;'>1U., HQr-d, (oitlln)'la.r ­
(;. r a:rll.ll Cl r . 
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C.LAVEY SIL.T, lla.rt< yellow,':>h browll, >"reSI" SoH.HotTID~C:l\eovs 

(LII¥ I :DUff(. brouJ'h, Mod.era.tely- ~i'jhIY wecd,hereJ I Ha.rc! ,(;ra11 1 la.r 

CUrV£;II SILT, Da.rK ~eIlOUJi$h broult!, Moderq,tely uJea.{herc:J, Firm, 
&ra.llu Ia..r 

SILTY SAND, l)(trK yellowi'Oh browl'l, FreSh, ~;n,e, ':/'I'le, Al' 9u/Qr, 
~lLa.rt'2., fe.laSpa.r Cl.Ild yn"(CLS pr~se'nt, 

~~ 
!Uu :u,. CLfHE-Y SILT, ])a..rK yellowiSh brovJ", S"~htly UJ~Cl.therecL, ~rm. 
.... .u. ~iSc;.ile 
iUu. 
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S I L T Y C LAY j Ye 110 W,I $ h brow", Sl:~h- Mod ~eQthereJ, Hilrd I 

with redd:Sh moct "'Y1~. 
PI.ty , 

_ 'C LAY, DQrK b r OW11 , fla.r-d I PI"; 5mQt-:c - G ra.l1LLIQ(-. 
'----< 

CLAVEY SILT I j)QI·"yeJlow;sh broW?! J Mod · Wetttl1e.ted, Firm -St {f. 
I'nfitc.t I redcJ:Sh Q:nd cl.a.r,,: rYlettl""n~ I poroU.S LII,'t·1, V. rOt>1 hole; . 

u 

~ C LAVE Y S I L T I __ _ 

u 
u 

Uu 

C LA Y I .DQr1< How'l1, FreSh, Ha.rd . Shows modercttt ef{t.rVCf."c( f:.6 HCI 
l",d I(Q~: "n~ Pre..~e"hce of C.Cl.rbo1'1ctt~· 

I 
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~endh: - 2 

F,-ee swell is deflned as the 1ncrease Ot the so115 '/o lume f,-om a loose d,-v 

ociglnal voiume . Its purpose 15 to indicate the poss1ble exoansive 

characterist1cs of a clay. whetner 1n its natural state. in SItu or as a fill 

afte,- bei ng comoacted. 

Soi 15 wJth free swell ·/a lues less than 50% a,-e not likel v to show expansive 

Values af 100 ~; or mo!-e dl-e associated ~'IIlth clays WhICh could 

swell considerablv wnen "etted esoeciallY under light loadI ng . 

FYeoarat ion of Samo Ie 

About 50 gram ot sample is oven dl-led. and oassed trrouQh a 0 . 425 mm 

sieve. 

Place the dried SOli looselv in dry 25 mi. c y linder UP to the 10 ml 

mad:. 

The powe,- shouldn .. t be compacted or shaken down. 
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1. Place 50 mI. of dlstllied water in a 50 ml glass measuring 

cyllnael- • 

2. POLII- the dry sail Dowoel- slowly, anO steadilY in to the ,.,atel- • 

. 3. Allow the main Dart of the solid Darlicles to come to I-est; this 

will take from a few minute; to half an nour. Tne finest 

oar ticles mav l-emaln in susoension for much longe1- but these can 

be ignOl-ed. 

4. Read off and record the volume of settled so l ids s (V J in mI. 

"Free Swell" is defined a s the change In volume of the dry sOil 

e~~Dressed as a oEl-centage of its oru;Jlnal YOtdme. It 15 calculated f l-om 

the eauation. 

if the orlgl nai drv loose 

va lume was ll' m l . 

The ,-esult. is reDorled to the ~earest whole numDel- . 



- 123-

fippend i ~~ - .:J 

Liquid limIt. One - Point Cone F'e~etrometer ~Ie thod 

(Clayton and Jukes, 19781 I fide. Head (1984' 

This method was suogested bv clavton and .iukes ' l'n8) as a Dossible less 

elaborate routine method of assessl ~g the liqUId lImit of a 50il than the four 

Doint cone penet l-omete;- test described in the s\anda,-d BS 1377:1'375 Test 2 

(AI . it is based on a statistical anal\'sls cf theil- e'(Denmental data and on 

simIlar wo rk carrIed aut bv soi l mechanics lim ited. The princIPles IS 

ana logous to the one Dolnt CassagrandE test. The aopal-atus and all the 

pl-ocedures are identical as in the star,dard. e ><ceo t that a smallel- QuantIty 

(about 1009) of soils is r equired a~d oenetratlon and moisture content 

measurements are made only once. lnstead of four times. The moisture content 

of the soil should be adJusted so th3t the cone penetration of between 15mm. 

and 25 mm is obtained. 

The moisture content obtained at the respect i ve core penetration. is 

e)(pressed to the nea,-es~ 0.1% and is then muillplied bv a factor obtaIned hom 

Table-l to obtain-the liauid li mi t of the 5011. The facto r to be used for a 

given penetration deoends UP on whet he r the soil 1S of low, medium or hiqh 

plasticit v . 
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The measured mois ture content indicates to which grouo the soil bel ongs 

as indicated at the bottom of Table-I. Tne factor to be used is read off from 

the aopropnate column oooosi t e the measlIl-ed penetrallon. The 1 iouid I imi t 

(LU calcu l ated in th is wav is l-eoOl-ted to tne neal-est whole numbel-. and the 

method is repOl-ted as the suggested one-ppint cone penetJ-ometer test. The 

oel-centage passing the 0.425 mm sieve, and ",hethel- natlll-a1 01- ail--dl-ied sai 1 

was used. are a I so ,-eoa'- t ed . 



- The locatIon of long 2nd c~oss orofiles 

- Long and cross D,-of; les a lana A-A. B - B. C - C 
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