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Scdincnts of LAte ~unternRry period nr~ exposed in ~d8nli 

Tulu prcp. They ruprusent Deposition in r f['ult cortrnlled 

basin in thu northurn pprt of thu Mpin Ethjooi 0 n Rift Vnl l ay. 

They forr~ thick successions of copr"'" pnc1. fine grqin"d sedi­

"wnts ,~i'v(;ls, snnds 1 sil t "nd cU "t'""liL ,s ~'l~ "Jh~r.I'a3Lclls 

nnd c'.i-·';Ol"i t s prG vohntitric.p,lly i"1;lort~nt. Thes'" sedinents 

d i splay s3dinunt2ry st r uctures , such PS buddinF, 1eni n?tions, 

cross-beddine;, :1u0cr<'ckc:, nne 10O'd c~sts. T0xturp l ly, these 

["cdifl10nts r-rc: poorly sort .. ;~)d, li()f3iti''F,~;1~v skl,.)\'/,Jd, f"lnd cbr;r'=lc:;; 

t8rizec by -::os:)lc~·rtic-l, .. ;ptolnlrtic curVdS 0 

CO'·p")0sitio.?nl F'tlV·li,~s jnoic-::.t..1 l)u::ics, rl-:--SB shards, 

fret:ments (If v)lcnnic I'ncl{:s, i .... ;ldsp~rs, And qu··rtz to bo the 

f'10Et ".'J,nrtf'nt consj.tl1ents ·)f tbJ r('cks. Hnrnbllenc.G , pyroxonle, 

Apgnetite "nd biotite RTe tha innortnnt hc['vy ~inur6l con­

stituunts. O'ns i dir-:n, brsrlt rnd l'cyoJite doninnto the lithi c 

f r ecti()n. These C'\l1l'ositinJ1 of the stJdL'Lnts is i ndicptiv e 

of ~ v01cBnic prov0n~ncco 

Tho t axturpl c hnr A ct0 r istics 0f tho ~r~vels 0nd the ir 

distinct"ssoci~tion '"ith hu:' ic su::,st'"nc"s o r [U'st r :}pods 

a n d bivRlvu sh~l.ls 2ro jn~icptive of fluvipl rnd b8~ch 

uDvi rornents of dapositinn for tho grnvels, r Bsncct i vuly. 

The structures of di.,to'.'itas ('nc' r'sr.;oci"tud silts ~re con­

sistent with the deposition of thoso scdinunts in R lrcustri nu 
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/I , . Intr')(~uction 

1.1 Iocation and accessibility 

~he area covered by the present study is located about 

170 11m to the south of foddis in the Galla I .akes region of the 

",ain Bthiopian Rift 0 It lies hetween lskes n'r"ay and Langano 

due epst of the tovm of ~d<llni Tulu. 'T'o the north it is borde-

red by the southern shore of lake '(,.Iay 2nd to the sO\Jth by 

Aluto volcanoe, roup;hly covering an areR of about 90 T'm2 

(Fig 0 1). 

It is accessible by the main Addis Ababa-Awassa highway. 

A dirt road between Adami Tulu and Chefe Jila (to the east of 

Adami Tulu) crosses the area. Two other dirt roads one which 

runs to the north brsDching from AdAmi Tulu - Chefe Jila road 

and the other to the south reaching to Lan~8no can be used by 

four wheel drive to explore the area. Traverses could be 

taken from any of these roads by foot. 

The main river that flows in this r egion is the Bulbula 

r i ve r . It sta r ts from Lake Zway i n the north and drains i n to 

Lake Ahyata in the south. pumerous dry seasonal streams that 

start from the volcanic hills flow south west feed i ng t he 1'\u l -

h!Jla river during rainy se8son~ the r eby cutting gorges through 

the soft lacustrine sediments and exposin~ th i ck sections of 

these sediments. 

The topography is flat eycept in the central and south 

eastern parts where volc nic hills form elevated grounds. 

Exposures are found along the slopes or at the foot of the 

hills and along the dry valleys or streams. 

I 
~ 
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1.2 Climate and Vegetption 

The climcote is semiarid \,ith a relatively short rainy 

season durin~ july and Au~ust. The vefetation of the area 

consists mainly of low thornscrub and accacietrees. PArt of 

the area, mainly to the north, and to the south is a fa r mland. 

-1.3 Objectives 

The e ims of the present investigation are : -

1. To study the distrihution of the lacustrine deposits 

in the Adami Tulu area. 

2. To eX8mine the sedime~tology (texture, structure , 

ninerRlogy cillO environment of deposition) of the se 

denosits and to come up with p possible conclusive 

remark on the denosition of the diRtomite in the 

r egion . 

1.4 Previous ,Jorks 

Occurences of lacustrine sediments in the region were 

reported in the ~ener8l studies which are paleoclimatical and 

or geologicAl such as those of Nilson, 1940 ; Mohr, 1966. 

The most im ortent contribution in the history of Galla 

lAkes is the recent work by Grove end Gouide (1971) and Gaze 

(1975) ",ho also provided rAdiometric age dates from these 

sediments. The Ethiopian Institute of Geological S~vey 

(EIGS) of the 11inistry of rlines hes conducted general geolo­

gical investil;Ations in the lakes district prior to 1970 and 

presently the FI"DP for Geother'1nl research hos ClPpped the 

re~ion 8t the sCrle of 1:50,000. Recently the EIGS has been 



• 

studying the diatomite of the ereR ~pinJy focllsing on the 

determin8tion of its qU81ity based on pllysjcel nroperties and 

for few localities the estimation of reserves. Fo systematic 

study has ',een d one in investiF,8 ting- the sed imento logic nature 

of these sediments prior to this study. 

1.5 Methods and flaterials 

A tOT'og:raphic IDa]) of 1:-50,OCe- scne VfFrS used 8S a base , 

with aer i e>l photopTaphs of the Sal!le sC8le 8S f) supnlementary. 

Traverses were taken "long streAm channels and also in -profiles 

not unifor'lly sp8ced . 

The following methods were generally eQployed in the study :-

1.5.1 Field logging 

Fifteen er[iosed section alonf' stream channels pno dry 

gullies "Jere described, sm1Pled end measured usin['; a field 

logging method of Bouma (1962). For each bed, thickness was 

measurod Hnd significant properties such 8S composition , 

grade, sedimentary structur es and colour were recorded. 

1.5.2 Granulometr i c analysis 

Repreeentetive samples from each measured sections were 

8ir dried and then r:rnnulometric anHI~Tsis WeS m,.,de follOldng 

the '~etllods described "roy ",olk (1()68). Grain size parameters 

Hre those of Folk (1968). P8remeters such as meen grain-size, 

sortin~, skewness, kurtosis and standard deviation have been 

determined graphically pnd tho 0 scale introduced by Krumhe in 

(1934) has boen used to simplify the arithemetic involved in 

computing- these parameters. 
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1.5.3 Petrogr;c,phic and HUIVY l'IincTal Analysis 

The difficulty of prep8rin~ thinsections of unc~nsolidated 

pUl'1iceous sediT~ents flnd pyrocL:stic deposits precluded extensive 

UFe of petrographic study. Eo; 'ever , the fine fractions of 

these de-p 0 s--i ts- were-e:lEf'P.l-i-fl€d nD0_e-r thcr-bino-clIl~T microscope 

inorder to hAve [, clue in their comnosition. 

Heavy "l ine::'81 Rnalysis was carried out usine: representa­

tive fjne sand fractions following the procedure described by 

Carver (1q75). The h,_'1vy roinera ls I'!ere separated from these 

fractions using bromoform (sp. gr.2.85). Representat ive 

samples of roth the light and hL'avy minor81s ,·'ere mounted in 

glass slide and then exaoined under the ~icroscone. Counts 

V1ere l'12de of the individual he2vy miner:-ls to deterl'1ine their 

percentage by number. 

1.5.4 Other analysis 

svc,i-quanti t1.ti ve deter;- in!Jtion of oTf!'i'nlC mC'tter content 

Has done on 35 sampL,s 'ilhich '·"e re suspected for the presence 

of organic mC'tter. 
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20 Geology 

201 Generpl 

The ID8in Ethionian Rift vAlley is R huf,o grohen which 

is occupied ':>y volc8no tectonic lakes o It is char8cterised by 

norm8l, step faults arranged in en enecholon style with a 

general JI'NE-SSH trend (flohr, 1967) 0 Its floor is marked by a 

pe rs~ &tB-nt---Se-l-'l7--of inte-nse-, fre-s ll f'aul t-in~~fl-i G-h h~s-Qee-n-terl!led 

by nohr 8S 'Jonji Fault ]'elt (Fig o 2) which is suppose d to be 

axial to tl'e rift systeL~ 0 It extend s from the northern shores 

of IJoke Abay8 northeast werds into the 1',f"r Depression and is 

traceahle for 1100 Kns Blons the Et h iopi 2n Rift systemo The 

belt is formed of short norm~l feults of s~all throw which 

is 'Dost frequently UD to the "est and is cher8ctcriz8d by a 

line of SurternBry pAntelleritic (silicic) volceDoes such 8S 

Aluto, Ch8bi, ShellB, F'mt21e, Rossetti Gude etc 0 which heve 

extruded both lavas ADd igni 0hrites (~ohr, 1960, 1967)0 

The G[1112 lskes section of tha main Et~iopipn Rift l i es 

about 150 Fms due south of Aoho end contRins four Iprge lekes, 

8S indicated on (Figo 1). Lak, s leng8no ond Zwey lie egainst 

the 8s.stern l!1C'rgin of tIle r i ft, l.Jhil s t l p, k"s AhyetF1 oDd She.lla 

lie further W0st in the in~ e rior of the rift. 

I,8cI~strine deposits contpining shelly laye r s Here first 

discovered 810ng the 'lull)la riv2r by j\Teuman (1902) from which 

leter T'eci (1940) eX8minc; d a colle ction of mo lluscs GIld noted 

a paleRrctic 8ffinities of the f8un2. 
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r10hr (1 0 62,1966) 81so ruco[rnised two groups of rift 

floor fwdi'.ent S Rr.<:'l suggested thi1t in the late ~lertiary t[]e 

GBlla lrkes basin wes continuous with the AWBSSB Bnd hbaya 

basins to the south Bn~ with the Awash drainage to the north. 

In this nrotorift trough, fine grained water lRid tuffs and 

pu~ ic0 ~eds wore deposited. tccordinv to Mohr the besin 

topogra pby =Lh"ve ilssun1ed almost its present for," hy the 

late Pleistocene nnd the subsequent perio~ of Iprge scale 

flooding identified by Nilson en~ him has been responsible 

for tho 81nost und isturhed lecustrine sod iment s 'me) shore 

lin3s sourround inr' tha Galla lake s. 

The ol~or lacustrine sedinents of the rift floor are 

r81 p tively severely tilted en~ warped by tectonic processes. 

The younge r sediruents 8ra generRlly unconsolid"tod grey gravels 

'"ric11 8TO locpliP(,d in their occurrence pc1rticulFlrly to thick 

~evelop~ents Rlong Holocene bunch levels. 

The j,dami Tulu arC·B is 1'ithin the Gi11l2 1.akl')S b"sin 

;:;::.inly r.ctween the Z1"oy-L<mgC1no hrsin. The r'iato"1ite bearing 

lccustrine sedimevts were leid down in plate Q'1Gtcrnpry 

ancestrel Jake (Grove Rnd Gouide, 1971; Geze, 1975). The 

Lancavo-Zw8Y h~sin was ~evelopud and occuDi,d hy the ancestral 

Galla lake before volcanism com,'enced i1t Aluto volcFnic center 

(nIlTDF, 1°73). /. thick sedi 'Cent,' ry sequonce WflS deposited in 

th(; besin o 'eihere exposed, the fFJdiments are dominRntly fine 

gr<'.ined tuffs, si1nd ston.,- S Pond mmice 2nd rhyol i tic p:rC1vels. 

Co.~rse "U',iC8 '!:reccia a'-'8 int8rbedd,)d with them. 
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Old Duach dun'2s occur 8S ric1r;es on th" "lest of AllltO lind 

were for~,:,d durin,~ the shrink[l[,,8 of the ance strnl G811p lpke s. 

These rid:~es 1rlhich r'lPrk the Halocen." l;oyu l·-;v"ls PTe well 

preF~rvcd ps gTPvel hcach ridres nepr the shorus of lakes 

L"ng2no and ZWC1Y (U~TDP, 1<i73) • 

The lecustrine sddj.monts of the Galla lokes hgve heen 

dl"ted- by Gouide "nd Grove (TC)7T)- in t118ir stuay of p loITto-

cene-Ho'ocene history of the Galla lpkGs. They dptcd gas-

tropod shells by 0-14 method frow diffurent 10vols Above lpke 

sholl" c:.nd ohtain"d nn 8g0 of 9220:!: 1'?0 yrs B.P. and 

5610 ± 100 yrs B.P. !.Tlother ['FoG dptinr: "'hich is more or less 

from the shall lnyers of the study rU6ion alon~ the Bulhula 

and 2bovo eli . .' to."laCeOl1s sedil:1onts n}C1r the, c<ulbulrl river and 

obti'in"d S 360 :!: 210 D .• F. "nd 4960 :!: 140 B.F. for the last 

18cDstrin8 pLriod o ~ased on these d8t~S r,ZZ G su~gested an 

age of 10,000 yrs for the beginning of thr: me. in lpcustrine 

phpsu which c;ome to 8 close ~r~und 5000 yrs ago. 

.' 

It h Gs been proT;cd (by Grove "nd Gouide and by'llobr) , 

th'lt thc br sin of ll'k,;s Shpl,. , Lnng"no, J..bYi'ta ilnd Z1rJaY formed 

a single lRke. Tbe pnplysis of diatoM flora from these l pkes 

helped much in reveRling tb'l continuous nrture of tbese lakes 

during tbe Holocene. Observ8tion of strpndlines end parallel 

shore linus wbich ilre visible botb on t~e field And on pir 

photogl~phs pn( si'tclite im~veries (Grove 2n~ Gouide, 1975) 

were v0ry helpful in dr~win~ these conclusions o 
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2.2 Stratigraphy 2nd Lithology 

The flmriolacllstrine deposits [,eIlcrally cover 18rce 

part of the arca Gnd in most places Frc overlain hy recent 

alluvial deposits especially at the foot of thG hills. The 

central and south opstern part i s dominated hy volcanic hills 

and domes such as Belich8, Sid a 2nd DodichB (Fig. 3). These 

--¥G-l-e;:mic- h-iJ..l-B--l? J;>.G--C-Q.i;~~d-o-:f-r h¥-D-l-i-t-i-C--prod~lC-t 5-,0 b sid.Li -CJaLLDl-_ 

flows and ingiobrites. The northern, contral and southern 

part of the arefl are Dffected by [",ults whose trends vRry 

from NE - BE (see map). 

OIl trw bClsis of the Horks of UI'rDP (1976), Knoth (1981) 

and this study, the stratigraphy of the region comprises 

the folloVling;-

1,11 uvi Ur:l 

porphyritic Obsidian 

Upper Lacustrine S3qucmce 

Pumiceous Pyroclastics 

Basalt Tuff 

Lower Lacustrine Sequence 

Basalt 

Holocene 

Pleistocene 

It follows from the strpti~raphy thAt the lacustrine 

deposits of the region belon€,: into h'o SioCluences. LO'tler 

Lacustrine end Upper LacuGtrinG. Lithologies of both 

sGQuences ~re lorvely dominpt3d by volcnnic material and 

range frOD coarse gravels to fine silts Bnd ashes Bnd ere 

decribed below sepRrtely for both sequcnces o 
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2.2.1 Lithology of Lower Sequence 

The Lower Lacustrine deposits occur in the are~ where 

the different localities are uplifted by faults which ar e 

r eleted mainly to tho \Jest Lengc:no Fault. These pre generally 

ridge forming localities such as Dodicha, Sedcha, between 

Kiki and Belicha and in the slopes of hills facing the 

Lekanshu plains (Fig. 3). None of them pre seen to be found 

Rlong recent velleys Dna arc restJ:'ic.t.D_d--lllDiHly- in the central 

e.nd northern part of the study ore A • l1S f\ result of poor 

expesure the numher of litholo~ies and sections studied are 

limited although attempt has been done to look for thicker 

sections. 

The deposits belon~ing to the sequence ere affected by 

f,qults and the effect of these ere seen in mony of the litho­

types 0 They are frActured, sO;Jetir:lcs coop8cted And sJ ightly 

welded 8lthouf,h it is ~lso possible to olcserve reletivey un­

affected deposits. These ,re generally Ashes And some layers 

of diatomite. The structurrl rel~tionshi p of these deposits 

is complicoted due to fnul tings and accorap8n;Tinl': later 

eruptions. C8reful observntion of the deposits especia lly 

associated with the dintonite l ayers of tho sequence he s re­

vealed the identificRtion of Rn qsh layer wh i ch could be used 

as a 1!lC1 r l:.:er bed for corre:lpting the different studi ed sections 

mainly thoBe in the central end in the northern par t of the 

area. For occurrences in the central southern pert of the 

area, tbe bas8ltic tuff of the loc~lity 39 , 40,41,29 end 56 

togethor with a 10 em sand layer '~ich gene r ally seems to lie 

alvays below the tuff layer th~t immediately comes above the 

eli .!' to~itc of tl,,, S0cludlCC is uScid ":0 e 'n~rk"r horizon. 
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Th~se two 2n~ strpti~rpphic observrtion in locality 41 

ilnd 56 \';ere useful in constructing the strFltigrl1phic re18tioI'­

shiD of the exposed pRrts of the sequence. Doscribtien ilnd 

correlation of the different sections ere orc8cnted in Figs 

5 and 6 r~spectively. 

Expcsurec of the sequ0nce in the northern ext rem of the 

area is very small 0 They are found along the slope of Sed echo 

hill on a d-ownthroym s-ido of- a ffmlt- Fnd iThe l'! e-e-su I' e d- 17h i c k 

n 0SS is only ['bout 2r~lt So Th0Y c.::,o g8no:;~t:'\11;i cClvered by pyro-

clestic breccie thl1t covered tho slope sf the hills above 

them. The size of the cobbles i~ the pyroclastic breccia 

exceeds mostly 50Cm ~nd ar0 n;~arly rOlJ?I.dod 0 

In the central southern pprt of the erOD, those deposits 

arB exposed around the tlF re;ins of 1-' volcanic crRter. The" 

measured thickness of the seouence in this locrlity is 7mts. 

They Br8 highly fEml ted especiillly thd di"to1'litc is fractured 

into small blocks. The basaltic tuff covering them must hAVP 

been erupted fro~ the CI'Rter (Knoth, 1981). 

'The l'Jaxil'!um thickn2ss (narc, than 15mts), obse rved for 

the sequenc e is i n the central pArt of the area. It is 

exposed p,loIl t': D larce hill ,,'here at its [oat represents -pro­

b~bly the northern ~Argin of the previous volc~nic crater and 

the stratigraphy fo:!:' the Lo',re r Segmmce is estC\blished here. 

Th" LO\"0r S8CJI.wnce compric ,)c of Ii thol ogies such as silt, 

ash, diptomite, BPDd, pnd psh AIld tuff of vpriBblo thickness. 

Tho Ii tholop;ic do sc riptic'll for the so lithotype s is given 

below. 
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2 .2 • 1 • 1 • Sf' nd s 

These are GillOnc the 1'1inor lithotypes of the sequence and 

repres"nt neprly 9% of the soquilnCe. They vary in colour 

from p;rayish white espoci811y et the botto1'1 to pinkish gray 

R~d exposed at the foot of the Dodicha and Sid a in the contral 

-PBJ:'t--Gf t-he- firea. --'Ph.o sond-s- c-onsTst- crf silts upto LfO% espe­

cially at th,,) bese, end sFmds from the upper pr'rt of the 

sequence is practicfilly froe of silt sized grpins. Tho thick­

ness of SOTIe beds in the sf'nds is in the r 2nge of 10Cll to GOCf!!. 

They Bre commonly unconsolidated and wcpkly bedded. 

Composition 

t<ost of tho consti tuonts are pUL:ice Fmd volcc-nic glass. 

Lithic clasts, feldspars - predn~inAntly pl~gioclase feldspArs 

quartz, chert " ith vrrious shi'des of grc'on, dArk r;reen, brol-Inish 

yellow (vlhich could be: rolpt • .::d to the d(.:greo of oxidRtion 

state of iron pro,sent AS iL1Durities) F,re t)).:: cO'Ilmon co;nponents 

in most sar-ples. Magnetites and hornble nCi es ess,-, ntially form 

tho heRvy minerAl portion in those sends. The volcanic glBSS 

is curved And f12t in tE:xturo, little 8ffe,cted by I-Iopthering 

,md occasionally contein bubblJs. The lithics p8rt consists 

of obsidian, andesite(?) pnd scoreB. Thu pl~gioclase grpins 

aru seen with their distinct cle8v~g0 ~ost of the time, 

al th r ugh the other v',rieties 9r<.l n·'t unconmon. C;orbonpte 

concretions ~nd iron oxidos mostly limonite occur in S01'1e 

spmples (Li2A) 
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2020'102 Silts 

Silts in ~enGrol 8re represented 8t the bottom and in 

the middlo pert of th0 roGctions for the s8CJuonce o They con­

stitute roughly 19~ of the strilt i bn~()hic r:ections of the 

L'Y 'o r Se('u<1nce o The colour of the nilts vf:Ties fror,; grE'yish 

whito to 1 ircht grGY, yellowish grilY 2nd lirrht yellow throu["h­

out tho "Iholo sequence 0 In thicknt-ss inc1ividup l h"ds rfJDge 

from 25c~ to 106 Mto Lateral variation of those silts is not 

evident due to their occurrence in few locelities o 

Thoso silts 18ruoly pre fine to COFrso silto Thoy ere 

tQinly Dedded and Ip'Jim,todo The incJividur'l lWlimlG in eclCh 

bed v~ries betwGen ~ M~ to 1mn in thickness and Rre relatively 

consolideted o Some inclHsiQlls of purnict clssts pre ohserved 

nlon[r the ir bedd inp; nlanes Rnd "he d ifforont DOci s pro s8p8rated 

by ver~' s])1811 irr()gulnr nro,i"ctions of the individupl upper 

IB u inRe which produced depressions in the 10wor or underlying 

18nimw of saI'lO litholoEY (pl'lto 2) 0 This is os'")ocially in 

the gr2yish vpricty of the botto~ sections o 

ThG r'iddL; lryer of silts whioh is nore yellowish whi to 

then the lowor layer is also bedded nnd relRtively consoli­

dated into siltstone. It is clAyey liMonitic, thinly bedded 

with mud crrcks At its top (plrte 3), Rnd ~rHdas vertically 

into the overlying LiBto~iteo 

ThE: silts ,1t the top of the scquencv is yellowish "Ihite 

in colour, thinly bedded Rnd individue.l beds rAnge) fror.J 2 to 

3moo Bedding alternAtes between yello~' And yullowish whitu 

And lir;ht bro ~ nish colours 0 Diccontinuous orp:pnic 112tter 
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lenses also mnrk the beginninF of thin be~c qnd are only 

obs0rved in thi s 12yeT And not f'und in the s ilt s of the 

bottom section. 

CO!Jpos ition 

Tho silts of the Lo','e r Seau,mee gen'c r nlly nre clny8y 

and tile porcentFige of clay vc>riGs f rol'l 15-30%. Investi[,;Btion 

unc~."r the b inocull'r "Jicrosc opo shm1ed thr-t punice, volc~lllic 

glass, pl agioclase f61dsp~ rs, lithics of obsidipn, and hr-snlt, 

li-'onite 2nd Qunrtz constitut," tho T'lnjor '"ine r l"lor-ic.'l. l compo-­

sition of rlost silts in th2t order. Hornbl ende , biotite Rnd 

apatite (?) arc m:!Onl'~ the Minor c()nstituents pr0sent i.'8 heflVY 

mine r als. The volCAnic gll"ss i s flnt, elongntcd pnd i s re­

Iptively fresh. The pUT'l ice cl;;sts are: fibrous and tubul"r 

in structure. 
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TAGLe <L C1r1{JOS i tiona t cr, arac ret" i st i cs of ·th~ Lower- SEquence Depos j ts 

• 
Samp Ie HoCk Fraqr-e~t Heav:i t-1 i ner-a i s 

"{o . LI tho r oc:'Z Pu V • (~, i\, F. P,I=" 0 C'::::; [;1~ R'j Scor F.OX eh Pxn Mg Hb 81 HF 
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04-0 Sa'1d I' e I) r F F R F A C 0.3 

42- A Sa"I') ;. • r c f' R C f< A p 0.06 
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.I-e Di ,Ham] E.' C F F J 0 N.D. 

41-F "'j .~-,:)"Ii t ':: .' F 0 N. D. '. 
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4 !- 8 51 It C A C R f R C A C N.D. 
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se-c 5i ' r v P , F ~ 0 A C N. [\ . 

41-F Asn • .' R Q 0 0 0 C I' R N.D. 

'/2 - D :'l.c;n , 
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---------

Note; 
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Cn - Chcr~' l~,/ RtlYc 1 i te R Rare 
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F-Oj(- 1 r;")/1 ~)xi ',10 ~d': - 1· c! h0ClVY ':, i rlC:!'"il! 5 

PXn - P)' r:')x(:r 

" 
/P/"y t; ,,,--. sand 

fr'"i';r~'lon 
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2.2.1.3 Diatomites 

Thc' se lithotypes form 38% of the s C' oUGnce. They comP-lOnly 

occur e long the slope s of the r ecent volcanic dOr:J~s such 2S 

Sida and Sedechll end in the mariCins of Belichn volc;mic 

crnter (Fig 4). They pre mostly yellowish white in colour 

and lnrgely are constituted of silt sized (51-78%) and clay 

sized (20- 40%) m2te rials. Texturally , they are classified 

as ailt in most cases And f'S muddy in few C2s e s (Folk, 1968). 

In most place s they are cover ed by tho tuffs of the seque nce 

and are weakly bedded. 

The thickness of individunl b eds of di ptomite s ranges 

between 80cm and 6mt and the maximum thickne ss is found in 2 

block which h e' s been uplift ed by the \Jes t LEt ngDno Fault Fip; 4. 

They are affe cted by f aulting to a vnriable degree. Those 

:ill; Sedecha, Belicha and Dodich " Et r e GlOre or l e ss e quRlly 

affected being intensively f ault ed, frectured into small 

blocks pnd are re1 8tive ly compact. 

Composition 

These pre extremely fine grained ~nd coarser frnctions 

Etre not Etvailable for obs ervation under binoculpr. However 

from the coarser silt frsctions, qu ~rtz, feldspars fine 

greined glass chert and fossil diatoms were identified to 

constitute most of the diato~ites. The g18BS 8nd feldspars 

are altered to chalky ffieteri a l to a certain extent. Unlike 

the di "tomite s of th o' Uppe r Se quonce , thoy do not contAin 

any shells of gRstropods ;'nd pe l ecypods . 
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The r8sl1.1t of ch"'l~ic..,l ::>mlysis of 28 SF1''lulcs Rfter 

Knoth (1981) is give n in tpble 3. Th3se diatomites are 

ch nr acterized by hj~her Si02 percentBges. The averRge of 

2£.1 samples is 87.5%. j\V3rr>go percent2ge s of Fe 203 and 1112°3 

are 4.14 2nd 2.06 respectivoly. 

2 . 2.1 . 4 hshes and Tuffs 

The ashe s Clnd tuffs of the LOl"lGr Sequence generally re­

present 305{- of the stratigraphic colul1n of the sequence. Tl"i :: 

ashes and two tuffs hAve been identified in the sequence and 

tha ashos nrc d0min~nt over the tuffs (2:1 in proporition). 

1,shos 

Tho 2she s a r e 3~ts Rnd ~ts thick and occur RS inter­

callBt ions betwoen the silts and or silts And diAtomites 

oft on c ausing impurity in both lithotypes. The colour of 

these;e,shes i:o diff 8rent, the thicker being grayish white 'lnd 

the tbinner d,'rk oliv0 gr R;y. The dcrk olive gray colour is 

vary distinctive, for the Rsh which mpde i t poss i ble to be 

used AS B ~Rrker bed for correlRt in~ sect i ons of the sequence. 

The d.rk olive gRry 8sh is id entifi 'd i n the central 

(Dodicha) nnd in the porthorn pRrt of t ho area USUAlly boing 

interbeddod in the diaton i te of the sequence. Its contClct 

both above and below is regul ,'1r with the d iatol'li te. It 

occurs persistently throu~hout tho sections of tho sequence. 

The mr'ximUI!l r e C01"c10d thickness i s 50cl1 but it is mor e often 

much thinner mos tly being 15c~ on the 2verege . It is essen­

tially loos~ fino psh , co~plotely unconsolid~ted, and is 

appRrently woll sorted. 



-27-

The [;eccnd Rsh lay",r is thc three r,~Gter thick graysh 

white ash which is interhedded within ~bo silts at tho bottom 

of tho stratigraphic colu~n for the sequence (Fig 5). It 

is repre:conted in the sections of the contral pprt (Dodicha) 

of the Rrea. 

Tt is w8fl-'fn(; red to yellowish material, se"1ic·)nsolidated, 

d01'Iinantly composed of pU1~ice hpving a m8ximum size of 8mm. 

It shows poor norrrwl grpding 81 though tho genoral clistributj ,,' 

of tho ~rains seoms to bo irregulpr. 

Conposition 

Tho dprk oliv0 gray ash consists of rine pumico Rnd 

obsidian chips, volcanic glass, fow lithlcs 8nd crystals. 

PUClic',i pnd colourloss volcnnic r.;lass cons~i tU0 the lRrgest 

portien. Tho morphology of th0 glass shprds vpry from platy 

to s1ightly curvud sicku-1iku, of ton the p18ty typvs being 

do~inpnt over the 1atter. 

The white grayish ash is conpopud of pumice grains, flat 

e11ongpted, fibrous 1ikc Rnd re1atively frosh rlass, feldspars, 

chert (with yellowish and bro,mish tint) and C18StS of obsi­

dian in tho order of ~ucrupsing nbundance. P1Rgioclase fo1ds­

Sp2TS pre dOGlinpnt OV0r sBnidin0s. The pUl'!ic8 f,rAins are of 

two types one is grflyish 'lihite in colour, tubu1ar ,md is the 

dominant type whi10 th8 other i s yc110wish pnd a bit curved. 
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Tuff 

Two malD tuff horizons occur in th~ scquunco usually 

resting on the dirtomitesD Gtr9tiGrrphically, they arc 

rupre3cnted Dt tpe top p'lrt of th.) scc,uonco. Tho first 

tuff horizcn~s liFht yellow in colour Bnd r.:gulRrly fou~~ in 

elmost ell scctions of th~ Lower Soqucncc. This tuff is 

intonsivcly faulted end 8t pl"ces highly fractured into small 

blocks. 

The second tuff is thu haspltic tuff which is greenish 

black in colour occuring in all the areas where the Lowor 

Segu<Jnco is exposed, rOpr0)S,mts g.)ner"lly the, top pprts of 

the s,)ctions. 

Tho thiclmoss of the tuff is hir,hly 'v2riable from loca­

Ii ty to locallty thickeninr, l'wrkodly froel topogr2phic highs 

into topogrephicRlly lO"lCr plpces Il'ithin short distpnces. 

This is especiplly truo in the central pert at locplitics 

39,40,and 42 vJhclre its thicl~ness d"crc8sGs fran] 3 I'lts to 80cm 

within e distpnc2 of Flbout 100r.Jts. The mpximuPl thickness 

ITl0Psured ~,.t Belich,-, is 5mts. 

This tuff is corrso grrinod rjch in lithic clasts of 

v2ri:o ble sizes. The sizo of the :lithic cl8sts vRries fran 

2cm to 11cm. ~ g2ncral decroase in tho size and abundanco 

of the lithic clasts is obsurved from north to the south 

Bnd cast direction. It is ~enerally Pl8ssivo in the central 

part end clxhibits low ?ngle cross-bedding locally. Continuous 

bedding of t~is doposit is o~scrvcd in the north eastern part, 

Bnd in the eDst~rn part, the heds becone thinn&r and arc. 



d{,"'in?tJc' hy fill" grDined t"xture of inc1ividuF'l gre.ins. In 

thz northurn pF'rt hu~s a r u thickur with the cross-stratifica­

tion diPIJ ing d01;'nhill to thl' south "iUSt. The individual 

bods contFin vpriabl u amounts of clrsts of ignimbrite , bosalt 

Fnd ob.sidian and thu J pttc r two are dominpnt both in size 

The fc~turoc s1:1')wn by this tuff is'lostly sim:!.lar to 

the.t of baso sur~8 deposits - i. e. th~ snaIl scalo cross­

b8dclin&, v'8riebl" thr cimess followinr the topography end the 

thin continuous buds especially in thu north eastern pert 

closoly resembles thpt of base surg" deposit s (Fisher and 

Crowe, 1972) and honce this tuff is interpreted BS a base 

surge deposit. 

Co,:nosi tion 

C,bserv2tion under nic roscope nho"ud I!larkdd differences 

in thu composition of these tuffs. Tho light yellow tuff is 

l argely constituted of pUI1ice pnd volcanic glass. It is 

t exturFlly distinctive, consisting nf yellow Rnd vosiculpr, 

or grey ~~nd non-vesiculr:r 1)U:':'lic0" Lithic clRsts 3rt:: sparse 

pnd fcldopar thanocrysts nrc uncoumon both as froe crystals 

am1. in pUT.licos. Tho volcc'nic p;lClss includ ,-;s bubhle forns 

top; ;ther I,ith cuspnte sh.~rds. (Pir"son, 1915). 

TheJ h.~sC'ltie tuff is 2 erystAl tuff C011posed l2rgely 

of rim' to cediu;:J grrined crystf'ls of pl'.'gioclflse and 

01ivine. The olivir0 is iddin~sitized 2nd is 8ubordinate 

to plpgioclrse (labradoritu) cryst21s. Lithic frp~monts of 

basic volcpnics with phenocrysts of n12Fioclases and olivine 

are pres,ont in si'lall "mount. 'i'hc mp,trix consists of crypto­

crv~t:-'lli'!:l C':-y~t210 of pl Fi~)c18s~ _~nr e;l::ss shc::'.rds 0 



- 30-

20202. Lithology of Upp"r S"quoncc) 

Thl: Upper l"cnstrinc d8Posits in !T"meral for"l 620/ of tho 

whole strAtigTRphic succession for the, study Cirea o They occur 

~a inly in thu western , southern, centrpl An~ eastern corner 

of the study areao The thickness of the sequence varias fro~ 

loss than 4T'Jts in the central part to 8bout 16nts in !,be losa 

'''adi (Fig 2) 0 Eventhoup.;h pll lithotypes are not S8en to be 

reyT~sentecr in single sections, the "lajor lithotypes ar e re-

9res8nted in most of the studied sections o 

The soC)uancc) is exposed ffir.inly in dry valleys and Hlong 

the seasonal streams feedinp.; Bulbula rivero This nakes them 

eesy for studing and hence rlBny s8ctions 1-lere studied fron 

this sequ0nce 0 Most stun ic'd sections Etre found in the southern 

2nd in the southwestern part and are poorly represonted in 

the eastern parto Tho thickn0sses of thG sections a r e very 

s~all in this part of the) area owing to the absence of rivers 

or str eams thnt c oul~ cut or fo r o gorges d8ep e nough to expose 

tbe depos i tso Fi~so 7 Gnd 8 r epr 0sdnt the describt i ons of 

selected sections nnd correlation of d iffa r ont sections 

r espect i vel;yo 

Correlation betwGon sections was relrtively easy as com­

pared to thnt of the L01tler Secl1wnce, since th8 deposits are 

unaffected by r ecent fFulting o The correlRti on between the 

different se ctions vIC'S aided by (1) tho occurence of shelly 

gr avels that f r equently COIlO b81,,\·! ' the diatonite mainly i n 

the upper 9Rrt , (2) colour Rnd chRrRcter of puoice pebbles 

in ceratian gravels, (3) systo~Rtic observation of the: ' .. 
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stratigraphic positions of certain layers laterally, and 

(4) the occurence of paleosols (or organic layers). From 

the difforent correlRted soctions it i s possible to con­

clude that the exposed sequ~nce in totality exceeds 28 nts 

of flavio-lacustrine and interbedded pyroclastic deposits. 

The Upper Lacustrine Sequence conprises unconsolidated 

t" m:mi-cn nsolidated grlwals, sRnds , silts, ashes p.nd dia­

tomites. Those lithotypes show different lithological 

ch'~racters. Quick vF'riation of chF'r2cters such e s colour, 

texture, sedinentary structure (bedding), and sorting is _­

frequently observed in the fi~ld both laterally and verti­

cally. Tho nain lateral variation is observed in gravels 

c\Dd diatomites vlhich grade into sands or silts find diatoPla­

ceous ash respectively. 

Generally these sed i nents show sedi~entary structures 

such as nassi ve bedding, Imnim1tion, gr8d ing (both nor!'1al 

and revorse) Pet large nnd 108d cP.sts, r.md cracks and cross­

stratifications to a lesser extent. The graded b~dding and 

cross- stratification are observed in the cORrse r varieties. 

The relationship between th~ underlying and overlying 

sediments is regul,r, i.e. contact is horizontal. The 

contRct between the C08rser lithotypes Guch:as grp.vels p.nd 

sands and also between sp.nds and silts is sor:Jetir.lUs grada­

tional. InfRct most of the beddings in the coarser f rac­

tions are ini ti".t '2 d dUG to change in colour and size of 

Y!18teriRls o 
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Most of the sediments of sequence, similar to those 

of the Lower Seouence deposits nre nonindurpted to seroi­

indurated except in rare cas<)s ",here some of grpvcls show 

rclntively stronger consolidntion. 

2 . 2.2 .1 Gravels 

These lithotypes IRrf>:e ly occupy th" strrltigr ephic 

column of the Upper Sequence constituting mainly about 48% 

of it. They occur at almost I'll localities studi ed both as 

minor interbeds and as important layers belo.! Bnr above 

diatoMites (Fig. 7). Although the~T occur in alnost all sec­

tions of thc~tudied area including the eastern part , the 

IC'rger nUTClb8r of gravel layers dOT1inantly occur in the south 

and southwestern part. 

They vRry in c,)lour frol'1 the More COIIll!!On gr8y to brownish 

grrlY, yellowish, IT,reenish yellow fllld yello,vish brown . The 

thickneL3 of these " ravels i.1!! highly vrtriable r8nging from 

6cm for the minor interbeds to 2mts for individual beds in 

outcrop. Late ral variation of thicknesses within beds is 

not regular . H01;Tever, there is a generRI trend for indi vi­

dU81 gravel layers to increase in thickness to the southwest 

direction. They 8rc in gener!'l unconsolidrlted to poorly 

consolidated nnd few gr8vel IRyers ere rel?tively consolidated. 

The gravels gen,crA.lly displRY horizom'tal lx~ddinr: and 

are usunlly th i ck bedded . In most of the ceses bedding 

seeDS to be initiAted ~ ithe r by change in the colour or siz~ 

of pur.iceous mnt8ripls. The contDct of flost grfl,VfJI IC'yers 

with other litbotYPJs, inparticulqr ~'ith di~tnnites is 
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T.';BLE 4: [Iescription ct Grain 3ize D1sTr i butions of Gravels (Up. S • ) 

S i'lrfip Ie Th i ck - (',1can % % % % Textu rnl 
~~o . Li thology ness ! ColoLr 5! ze I/J Gravel 3()nd 51 it Cia)' r'JQIT1cnc fa-rule 

I ._----
03- C Grave I 0.75 Yei lowlsh gncoy 1. 7 35.1\ 5 ::·0.78 25.08 3.77 Si ity grovel 

03- D Gravel 0.4 Gray - I .5 86 . 92 5.04 6.86 0.34 Gravel 

05- ') Grave I 2.0 Gray 1.66 32.53 39.9 1 24.16 Silty sandy gravs I 

15-8 
I 

Grave I 0.3 Gr'cy -2 SO.8 14.82 3.09 I. II Grave I 

15-8
2 

Gravel 0.45 Gray 0.23 36.36 44.6 14.7 5i Ity sandy 9r'avol 

15- C Gravel 0.4 Grec·n i sh ye I 10\'1 0.43 42.85 39.00 13.75 0.35 Di to 

15-D Grave I 0 . 5 _ Gray -2.3 90. I I 7.83 I. 89 Grav.:·1 

16- A Grave I 0.25 Gray - I . (Xi ~7.eb ~~17.94 3.04 0.15 ~"'lr:iJy S! avc' I 

16- ( Grave I 0.73 Cray -0.3 55.47 41.63 1.68 o,an0), qraVEJ I 

16- 1 Gravel O. I Yet owirh 9r~y -'1. U 30.{')Ll ~·8.84 0.7 1 '11 i"o 

17 - ~ 
02 

Gravel 0 . 06 Yel l ow!';!> Qr-ily 1.9 43.21 12.75 37.37 2.41 ~)i ! tv 0r,:n/[,1 

17-1\ 04 Grovel 0.3 Ydllowlsli oray -0.23 '07.97 4 .78 21.51 1.08 ~~ard.,.. qrr"lve t 

17-0 
I 

Gra ve I 7.0 y(-jl l o~·.'i sh -0.5 il7 . GI 1.19 9.4 0.59 Gravel 

17-6 
2 

Grave I 1.75 Ye I 10\"J; sl"'; - 7.03 63. EI4 32.44 2.73 0 . 30 Sandy 9r;Jv~-\ I 

1':.)_'"' . v Grave I 2.5 Gray -1.2 70.79 19.22 8.6 :0 0 .07 Si !"ty s;mdy ~!ravGI 

52-A 
I 

Gravel 0 . 15 L i gtd grdy 0.86 5 1. 07 16.57 29.83 0,24 Si Ity gr-iJvcl 

< 3- 11 
I 

GriJve I 1.15 Gray - 1.5") 65- 96 2).54 3 . 58 0. 10 51 ify s:'mdv grnvel 

5-1-8 Grave! 1.6 Yoi !owish Gray - 0.75 80.86 2.97 12 .88 Gro'/C I 



distinct, but within the differont r:r'tvols pnd sand beds it 

is ~ost the time grpd~tional. poor gr~dption of size is c' 

cODmon in ffiost beds. ;,pilrt fro;)] horiz,ontal bedding and [';rlO -

d£'tion in s i ze 1080. CflStS nro presc:nt locally in some [';ravels 

th~t i~r.odipt~ly overly fine grpined sedimunts. The relief 

of tho lo~d casts ranges from 5CB to 10cn. 

The fl;rRvel in locRlity 17 (Pl'lto 5) i s differont in cha-

r RctCH'S both in c OlJIlosi tion-. structu= -B ne! te~t-ure-than most 

beds of these lithotypos. It is ehprClcturizod by I prge scale 

planar cross-bedding which dies out as lenses in tho diatomi-

tes associt~d with it. Its eolour is brownish yellow. Grains 

are oxtr8Tll;v rrlUndcd, pnd th8 l1iniuum size of pebbles here 

is fine gr~nulG, Clne sandy or silty rr,i'trix is either few or 

not present. It ShOHS c()npl8te nornal pnd inverse grpdation 

of sizes rcgularlly with in beds. 

The gravels of the top section of the seguonec, espec i-

ally the interbeds in the di8torite aro rich in sholls of 

fresh water gastropods rnd bivalve at their top. The shells 

cODmonly fort~ the ul~por 5- 12c!11 of tho gravel layers. The 

shelly gravels like tho othors ere pU'licHOUS with the grain 

s i zes of the individunl pebbles varying from 2ml'l to 2cm, 

often the proporiti0n of the nptrix being lower . They ~re 

SOr.JOtbI0S inversely grp.ded (Iocr-Ii ty 51). The purr.ice pebbles 

are subr0und:)d to rounded in rl8St l"'yers. The sholls are 

thin loscly ettl"ched to the pUl'lice pobtles ~1Dd fTc; c,..,c;plotoly 

to cl01TIinato in r ,ost hori?,ons. '.rhre" sjJ"ci s of G:.'stropods \ 
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c 

d 

PIRte 6 Shales of qastrorlo,ls and bivalve 

Gastropoa~ - A Gyra~ulus apertus 

Bivalv~ 

b Meldnoides tuberculata 

- c Bulinus africanus 

d Corbicula consobrina 
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~oPs0brina. No profcrnti"l oriont"tion of t~oso shells is 

ocnosition::>f fT"V",ls r-nd sbulls. "'he f"ct th"t the I :'s -

i s nttrillutod to tho lirhtor donsity rnd softness of tho 

p un-ice pcbb-l'e-s • 

n ,)st SGcti 'lns. . " l'osf'ibL] (; vnl'1tion to this Ct,uld be 

-f" 
.1. )_rh..:~r 

(,?"Russo, 1986,rh,;rson."1 c0nnu;-;). 

CO!:l})osi tion 

Tho ;-;~jority of tho ~r"v~ls with on o excoption ~rG ~ore 

or less si~'ilf':r In CO"'D0si.tion. 1""",ic" t-TC' i ns 'lostly forr.~ 

tha l"rG~st portion , clr-sts of '-' hsidirn "nd brsnlt rre tho 

, 

cl~stA r~r'ches u~to 5Ci~o GIFss shr'rds, f~lds~·nrs-s'~nidinc 
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blonde in order of incrRP.sing icmortancC' L'rfaly prn50nt R5 

heRVY ,,!inerl'll frclCtions. Cert?in gr'w"l l r,yc; rs contpin few 

diRton t ~ sts Bnd fr ognents of plants. 

The grnve l hed in locality 12 (17B-.,) shows di-frc-r-e-nt 

association of constitue nts fron others. It consists of 

punice,crystf'ls pnd lithics. The lithic cOl~'Ponunts include 

v',lcRnic rocks such PS ohsidil'lD, "'''ssive b asa lt, vesicu18r 

basalt And nRssive oxidizuri basAlts, soil ita mAter i Als 

(altered volcRnic rocks of decitic to p ndes itic composition). 

Che rt, i sol::tod cryst8ls of qUFU'tz , biotibo, tourlTwline, 

hornblende end some lepidc)crosi te s forr:l the ninerC'l propo-

ri tion of t his [,Tavel . The c 0r'p l ex COT'lpos i tion end the high 

degree of r oundness of the grRins evan in b ?sp lts imply a 

derivation fro~ p nixed d ist8nt source. 



Sands conprif'.es 5% of the lithotypes of the str['tigraphic 

colurm of thG Upper SequGncG. They "re 'Present in Rlrost 811 

sections of the f'equence and occupy the bottom section of the 

col u]'m 1',1 thouf,h few inte rbcds ."1.'0 pros(mt in the ::liddle and 

upper parts of the colunn. They usually overlie or inter­

bedded in the fine grained sediments such 8S silts or diRto­

m~ ";e-s (sec-Fig. -? ) • 

Tho sl'nds v['ry in colour fron Ivhitish grily to grew and 

yellowish ond pre texturally Clilssificd GS slif,htly grilvelly 

:nedium sp.nd, grFvelly silty sand, Rnd gr"velly silnd. The 

gr,vol fr,ction of the s:1nds is ~lOstly donim:tGd by pumice 

r;rp.ins ilnd few litbics. The thicl--ness of individw'l beds' 

range from 5CD to a mnxinum of 55cm. Vpriation in thickness 

is i"!pcrsistent both vcrt ic 211~! e.nd IFltGrally. HO\'J()ver, in 

some scmel interpods the thiclmess is regular. Genvrally the 

sonds ETG poorly indur~ted ['nd horizontally beddGd. 

The spnd hads in tho 8Rstorn p8rt of th~ aroa (locality 

19) ['re slightly different in chpracter than other beds. 

They are light grey in colour, Rnd app8.rontly hotter sorted , 

both of them bein~ fine SAnd with very little or no clay 

sized me.teri2.1s. They pre relF1ti vely consolic['.ted and co"rSGr 

sand gr~ins are locally concerntr~ted ~s lenses within the 

beds. Traces of poorly r epresented sDAll sCBle oscillatory 

ripples are present on the sllrface of thGse sand locally. 

Thes2 feptures-the clcRnness of the s~nds (ruvcaled in the 

absence of clay sized moteri~ls), the locnl c'ncentr~tion of 
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cOi.'rsG~:. send gr?ins , pnd 01 though poorly defined, the osci ­

llatory ripples m2.y indicRte th" nction of wpvcs during the 

deposition of tho s'mds implying thpt they "re formed in the 

be2ch part of the It'ke. The beE'ch chor'lcter of these sands 

i s also shown in sect i on 4. 

CO~lposi tion 

The ~linbrRl()gical COT'lposi tion of these sp.nds does not 

sho\~ much differ8Dc" bet>rcGn th" incJ.i vidu81 srmple s. The 

iTJport.:mt constituents include pULJice, nnd lithic fragoents. 

Gl!'\ss and Crystals 8ro second in importhnce. Th", clE'sts con­

sist of b8splt, ccoreR, rhyolite. Obsidipn and Pumice. 

The pUGlice grE1 ins are 81tered pnd sOInctimes lil".onitized 

and constitute the highest proportion. The common crystals 

erc, chert, qu,rtz, spnidine and plep:ioclaBe Hith encrus t ed 

pyox(;n (:nlgite) . Glnss shrrds 8ro abundant in the very f ine 

fr,,-ctions [md arc th i n Rnd fi brrlUS like in shape. Hornblende , 

augite , biotite and orgnet i te are the frequent heavy mineral 

grains in all the spnd sAQples. The sRnd interbeds in diRto­

"lities arc diC'tnmaceous. 
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2.2.2.3 ' ts 

~lW silts of the UI?pior Sequence occupy 14% of the column, 

Fllld e,re third in obundenre next to gr avols Pend dif'tomi tes. 

Th8Y 0re gray, grayish ltIhi te, r;rocmish p:rey and derk ;;ray in 

col our. The thickness of those silts vary from 10cm to a 

!JexiLlur:J of 1.7mts. :,bout 70% of tho silts fl r e dominantly 

r::Jodium silt si:oed And the rest 30% are e ithe r cOF'rse'sil t or 

fine silt. 

r 10r e 'Chan 60'!{ of the silts a r e di8tonaceous. The diato-

maceous silts commo nly occur in the mi dd l e Bnd bottom of the 

section for the sequence. IJhenever they a r e diatomRceous 

they often Bre associated with the coarser grained sediments 

and gen e r ally rest on sandy gr ave ls. 

The silts are poor to scmi-consolidated in mo st of the 

sections pnd pre thinly bedded. I,aminPetion is the most common 

sedioentary structur e displpyed by them. The individual 

l amin8e vp.ry from layers to l Fl ye rs and in:'s ome the La;ninetions 

aro less thp.n 10m. wnile in othe rs they even r epch upto 4mm. 

in thickness. In s')n:e of the silts organic p']!Jtter lRyers, 

especially at their top ar e obse rved. The thickness of these 

layers is very very thin Pend in one sample (53B, plpte 7) 

three If'ye rs, a }WIlli thick and sapp.r pted fran the above two 

by 1%cm and two layers 1mm thick each Fllld sepRrated from 

ea ch oth er by 1mm s ilt l Pem ina Pere observed to occur persis.,; 

tently within the spmple. However, from the r esults of the 

sel~iquanti tPet i ve organic mp.tte r anp,lys :ilS given in section 3 

most silts are found to contpin very little amount of orgpnic 

matter BS conpnred to the gravels. 

I 
I 
f 
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Plata. 7. "'hin 1 .>,y91'tl of organic Jlatter it) ell ta. 
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Composition 

Co~positionBlly, the silts Rre for8od of feldspa rs, ~IBss 

Shn.rds , Chdrts of VRrii1ble cl'lur, qucrtz, pUIJlice grains, and 

few lithics of volcfJnic rocks. Essentially th-e-s-a censtituents 

ar.e ",f; i ''lih:: r w-i th the constituents of other lithotypes. 

Obsidian, scor08 Rnd tuff are the lithic cOP1ponents of the 

sil ts. PUl1ice gra ins ere usually subrounded to rounded. 

The glass chRrFlcteristically forns 70- 80?( of the cOMponents. 

Hornblende, tourmal ine (?) and augite are the frequent 

heevy minerals in r.lOSt silts and aup:ite is the dOnJinpnt type 

a~ong them. Calcareous concretions , small am0unts of iron 

oxi des (linoni te) and zeloites are present in some of the 

sHDples . 

SOue of the diatomaceous silts contain shells of gas ­

tropods a nd romp ins of plants . it reml'rkable feature of the 

silts of the bottom section (Fig. 8) is th2t they contain 

she ll s of ostrscods. :;:;;spec i ally , sarlples 16F, Hand 52- 1'2 

are ext r el1ely rich in fresh wFlter ostrp.cod shell of ~he 

SRne type of species. The pr&sencG of few species of fresh 

water ostracods in oligotroDhic associat i on i s suggestive 

of n vury restricted fmd seloct i ve or closud environnent of 

legoonal type (F . Russo, Perona I Cornmun). 



-I 

TABLE. Desr:ri pt;o1 of Grain Size Di"tributions of 5i Its and Dlatomi1-es (Up.S.) 

.~-----

Ssarnp I e Th i cr.- Mean Toxtura I 
_rio"-__ ~_Lth01~ ___ ness Colour 5i ze0 Gravel Sand 51 It Clay Noraenc I atur~ 

- ._-----

! "/ .. \ 5 i I > 0 . 5 J'e !owisr White 3.58 • 49.31 49.85 0.65 Sandy silt 

16-11 S i It 0.07 dh te s. I 32 . 4 63.28 2 . 36 Saody silt 

IC-J Si It 1.18 Gr f " i sh <I!1 it., 4 •. 5=": 30.04 58.8! 9.71 Di 10 

I I-A. D i a1-omaceou5 s i 11 0 . 2 Crf Y 5 . 46 ') -. 89.67 3.93 5i It , .. ,) 
00 

I i'-A DiaTomaceous 5i It G.I GT 5 ~ 5.24 87.72 2.54 ~" I j ')1 

17-f'o3 Di atomaceous 5 i ! t 0 . 12 D2 k gray 4 . 83 12 ~" 9S 72.85 4.95 Gr-avelly 5i It 

17-A Di atornaceous si I t 1.72 c;rV isn white 5.96 85.64 14.36 5 i 11 
I 

~ 2-A_) S ii-I 0.25 Gr ... en i sf'. gr-ay ,1. 9 26.04 57 . 76 11.95 Sandy ::1 It 

53-B
I 

Diatomaceous si It 0.2 Yell 10>1 i 5h j,.7 17 . 33 82 . 6 Si It 

07-A Dia+omite 1.22 Y.~l l ov .. isr white 6 . 43 83.45 16 . 55 oil t 

08-0 Shelly dl atomi te 1.22 Di 'tto 6 . 76 74.69 25.31 51 It 

20-A Diatom i te 0.5 i~Tte (. fl6 65.92 34.08 r"ud 

52-A Diatomite 0.85 G ay i 5~1 wh i te 6 . 13 88.63 I 1.37 S i 11 

52-8 Diatomite 0.5 G~ay 6.46 84.36 15. 64 S i It 

52-C Diatomite 1. 5 yJ II OI'ish white 6.43 87.00 13.00 5 i It 

52-[, i)iatomite 4 . 8 yJ II O,lIsh white 5.38 il l .55 18.45 5 i Ie 

53-8
3 

Diatomite 6.16 Grayish I'hite 6 .1 5 83.60 15.4 S iii 
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2.2.2.4 DietorJites 

The' dir tomi tes of the lTpPGr S"quence Frc one of tho 

~pjor lithoty~es thp.t occupy the l~r~est section of the 

strFtigraphic colunn of the sequence. They rrnge in colour 

frc;'1 light p;r::ty to yellowish white 2nd chal"ky white. Sections 

of dirtonites occur in the central and southwestern pert. 

They ere fine grained, poorly c ansDlid.gt € d -fJnd e"YtrB1'lly 

fr i able. The thickness of the individual dirtomite layers 

varies from 50cm (locelity 19) to OV0r 10nts (locality 54). 

Thickest sections are found in the southwestern pert of the 

area in the narc deeper suctions of the: p;ullies feeding 

Bulbula river. The diatomites in the northeastern part of 

the area do not exceed 1mt and represent the upper portion 

of the sections. The sjmplest occuronce of these diat0mites 

is shown in plates 8 ond 9. Noticb hure the colour chRnge 

of the diatomites in both locnlitics. 

Observption of these dintomitcs in the fiald h.?ve 

shown that with few uYceptions thcy occur directly above the 

gravel lAyers. T~ o ma in dictonite 12yars or horizons are 

identified fron their str~ti~rRphic relrtionships. The top 

layer is represented in localities 07 and 09 end has a 

thickness of 2mts. The second leyer is about 10DtS thick 

[lnd is exposed usuRlly even in sripller sections both in the 

central and southern part of the area (localities 53 2nd 54). 

Th~so two lpyors [Ire not thet much different in their litho­

logic details. However, the top layers contain atlcRst two 

grpvel interbecs with shells of gRstropOQs Rnd bivalves. 



Plate 8 Dit,tornites of the llpper S'equence (white)' 
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Plate 9 Diatomit"s of the Upper Sequence (grayish whiter 

• 
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The c1ietomites 'lt the top of tho s"ction pre m8ssivo 2nd 

boddine; is interrupt,~d h!henever gr8vel or Ash 2r e inte rbedd ed 

in botween. Th~ bottom ssctions of diatorites arc thickly 

bedded Bnd internRlly IDnin8ted. The la"inrtion olternrtes 

between gr2yish "hi tEo pnel yellowish wh ite layers. The greyish 

lar'lin8G ere probe,bly cilused by esh. The ind i vidual Ip"1inae 

very between 1cm end 10c~. /lthough there is this variation 

in the thickness of the lar:1inae, their thickness, n mlleyOX is 

r ,'gu18r being 4c[;] on the Rverpge. The bedding plenes bounding 

the diato~ites are sh1'rp contpcts r'~Rrdless of what lies 

above pnd helow them. 

Unlike th0 di2to"l i tes of the Lo.Her 80quence, these di-

ato~ites ~ro unaffected by fauJtinr rnd hence Qrc loose Bnd 

not frf'ctured. S.,-", of the di,"1to'1itus contf;in occnsionally 

organic matter and si~ilAr types of shells thpt occur in the 

griJVel inturbeds bet\'Jcer. then. 

CO"!1position 

Th o composition-of those diato~itos are not different 

fro]"] the el i &tomi tos of the Lowe r Sequonces. They ere ex­

tremly rich in fossil diRto'1s. Other constituents comnonly 

found in tho othor lithotypes are present to 2 smaller extent. 

These include purJice c18sts, glilss shards, silt sizod lithic 

fragcents, chert, feW iron oxides Rnd zoolites. 

Chenic8l analysis of 12 SRQ91ss (tAble 8) fron thdse 

di1'tocites indic2tes a lOWEr pvora~e 5i02 percent3ge (B3.~%). 

This vpluL is low when cOl'p~red to thpt af Lower Sequence 

(tnble 3) pnel i s cmnpcnsptc,d by ~ cO;:JpnrCltive incr8D.se in 
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fABle 6: Chem i r.al Analysi s of Diato ll'lit ps o f Upp er" 

Sequence (a f nr Knoth , 198 1 ) 

Sam p le 1i20 at 
No . Si 0

2 
AI

2
0

3 
Fe

2
0Z WO ~"igO ~ J a20 K

2
0 M 0 Ti 02 Ignition I lODe n 

76 . 5 7 . 8 3 . 7 1. 4 0 . 9 2.4 1. 7 0 .1 0 .7 4.8 5.11 

2 85 . 0 4 . 7 2 . 4 Q.6 D.' I . J 0 .6 O. I 0 . 3 4. 8 5.4 

3 B4. 8 3 . 8 2. 2 1. 3 0 . 4 1 . 6 0 .5 0 .1 0 . 3 5. I '5.7 

4 83 . 8 1..8 2 . 6 1. 0 0 . 4 1.3 0 .6 0 .1 0 . 4 5. I 5.7 

5 83. 0 5.7 2.6 0 . 6 0 . 4 1. 4 1. 0 0.1 0. 4 4.9 6.5 

c 85 . Q ••• /.5 0 . 5 0 . 3 1. 6 0 . 6 0 . 1 0 . 3 4 . 7 5.6 

7 65 . ' 4 < 2 . 3 0 .4 0 .4 1. 5 0 .6 O. I 0 .3 4.7 5.4 

e 55 . 5 4 A. 2 . 3 0.3 0 . ' 1.4 0.8 O. i 0 . 3 4 . 5 6.0 

9 83. I :.0 7 . 0 0.4 0.5 I . ( 1.1 0 . 1 0 .5 4.4 5.0 

10 82 . 5 '='.6 ?7 0 , 6 O . . ~ 1. 9 1.2 0 . 1 0 .4 4.7 4.5 

II dO . 5 6 . 3 :' . . 3 ! . 1 1.1 0 . 9 1. 0 0 . 1 0 .4 5.3 5 . 2 

12 85. 2 2 . 2 1.3 3 . 2 0.3 O. 7 0 . 5 0 .1 0 . 3 6 . 2 5 .4 
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'lV8 r "'ge vRlucs of 1~1203 (409~i) fend Fe203 ( 2 05%) whic h may 

be pttributed to the incre Ase of ash impurity in the dietomites 

of th i s sequence 0 

20202.5 1.shes 

The esh of the Upper Sequence generally are among the 

minor lithotypes in the stratigr aphic sect i ons. They occur 

in localities 13 and 52 most of them be ing in the southwestern 

1lsrt'- of- thc- study 8rea and in loca lity 51 in tho central p8rt 0 

The thickness of the s e ashes varies fr om less t hen 10cm to A 

maxiDt~ of 70CE o Often they occur ns th in inte rbeds in gr 8vels 

and dip,tornites o The colnur rAnges frolCl gr eenish gray to white 

grfW 0 

Although they occupy only limited se~nent of the strati­

gr aphic colunn of the sequence the ir e.bundance, h01r18ver, is 

fre quent 0 This is r eflected in the ir frequ0nt inte rbedding 

within tho gr8vcls or dirtooites o In p" rticular, in the 

di atonites, they often cause tho greater degree of impurities 

Elnd chflllge its lithology to grade into diAtomaceous ash or 

ashy di8tonli tes 0 Al thrJUf,;h not s een by nost ash lRyers, poor 

normal gradat i on and bedd ing is observed in S08e ashes (050 

and 181,) 0 

Most of the c 0nstituent mate rial s a re fine to coarse ash 

except in few cases which r ec> ch upt o I f-p ill size o In one 

s R;J"le (03-B) the size of pU"lice c18sts even r ee ches upto 

6cmo The gr een f,ray vari et i es consist of pumice clasts of 

variabl e size, obsidian ch i ps rnd lithics of rhyolit e , basalt 

( ondesit c ?) and scoraa o The b~splt size rG~a ins to be 
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s~aller (1 - 1.5c~) th~n punic~ grpins . The mprked property 

observ(;d in these kindof nshes is thpt ~iithin the spme type 

of lithic clpsts , tho s i ze distribution seems to be simil ar. 

Most of the lithi:c frpgnents including the pumices also a r e 

pngular. 

Composition 

The ash sRmpl es , when eXFlm ined under the L1icroscope are 

s imilRr in niner?logy and textur e. They FIre in general C01:1-

posed of chert, feldspRrs , plass Rnd lithic frpgments. The 

feldapRrs include both spnidine FInd plngioclpse. GIFlss 

shFlrds pr e mostly nngular, flat, sickle-like and occasionally 

Y shflped particles. The,se pr .... associ ' ted with crystals of 

s ond.dine ~md b i o·ti te in sume of the c· sh Inye r s. The lithic 

fragClents come from DPsBlt , rhyolite, obsidiHn FInd pumice in 

the order of their abundance i n ~ost nsh sB1:1plas. Most lithic 

frnf:,'1'!1ent s pre liCloni tizud. 

The pll~!ice frag;;-Flnts arc: white to e;ray tubalar, vesicu­

l ated, thin and eJ l onf,nt0d 'lost of the tinJe. Sometimes glass 

with snaIl scattered plagioclFlse, hornblende (pyroxene ?) pr e 

seen in <'lSSOC iRtion within fel" pumice grRins. :,mong the heavy 

minerals present in these pshes , pyroxen (augite), m~net it e , 

hornblende fmd biotit e, 'Ir e cO'linant in c1ecreas inr; orde r of 

importance. 
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2 . 2.3 Summery of Lithol ogi"s 

The L01Jer Soquence R.nd upper SeClu . .' nce were clenrly iden­

tifiable in the field b:' their occurrence. Lower Sequence 

deposits are rlainly exposecl in uplifted blocks pnd a r e 

generally disturhed while the Upper Sequence depos its occur 

in the flat RreRS of the region without heing Affected tec~ 

tonic211y. 

The litholngic <iCEcrip:t-ions for- buth sequences showed 

that sinilarity exists in the gross chRracters of the litho­

types. Thickness of sediments increases westwards Rnd north­

e8stw2 rds. Sedi~ents pre renerally friable and unconsolidAted. 

Bedding is the I'"!ost COlelDOn s dd imentGry structure displRyed 

by those sediments Rnd seems to be initiRted pnrticulprly in 

the CORrse grained gravelS hy :) slight ch2.ngG in colour pnd 

size of ITIRteriC11s o This may suggest constant supply of sedi­

ments during the sediment8tion period. Gr'vels belonging to 

the Lower Sequence were Dot identified. However, their occur­

r ence in the sequence is suspected further to the south. ' 

Shells of g8stropods , bivalves and ostrgcAds RrB found in the 

soclir.lGuts of the Upper Sequence. ·rhe pbsence of shells of 

g~stropods in the Lower Sequence of the study area ~Ay be due 

to the Ipck of shallow WAter (beech) gravels. 

The priopry petrologic constituents of these sediments 

are predorJimmtly pyroc18stic p.l"teri Rls ',;h ich indiC Ates that 

the supply of the s"din8nts' wC'-s froC] 8 volcanic center whose 

products are largely puoicenus T1RtariRlso The major pebble 

and granule lithologies of the grovels Are pumice, obsidian 

<'md bas8lt. 
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2.3 Textural Stuoies 

The sedi":cnts of the i,dF'''li 'i'ulu erop studied vf'rics froD 

cle.y size to pebbles with p meXlnun dianeter in excess of 

30cl:1. LRterel Fllld vertical chpnp'cs in Gr<1in size pre common 

Rnd En accurFlte estir:wte of r olptiv8 size nbundpnce is not 

possible. However, soma rationalization is pchicvod by 

grouping size classes into E:ener21 lithotypes - gravels-;- snnd-s, T 
silts , di~tomites and ashes. 

Grpin siz.e distribution fro'] the different lithotypes 

were determined by dry and wet sieving of the c08rest 

11"teriE'1 .~nd pippette anRlysis of silt pnd clRy sized frec-

tions. The results of the mechanical analysis are summarized 

by Figs 9 to 16. Imare possible, the following parameters 

were cRlculpted for each sample: med i an grpin size eM), 

co~rsest percentile (e), stf'ndard deviption, sorting coeffi-

cirmt, skewness and urtosis feS in Folk (1968) (see tables 

9 to 12). 

Mef'n, medi:m , sorting and stRndard deviation hnve been 

plated 1l[,:1'inst eClch other (Fir, 11 Rnd 12) ::-fter the Dwnner 

of I'riolB Rno 1Jeizer (1968). VRlues of conrsest percentile 

(e) hpv~ been plotted Rgainst medinn grDin size (M), follow­

ing the mothod of pnssegR (1957). ~hese plots show the 

distribution of texturnl parBmeters in the deposits an~ Rre 

used for the interpretntion of the envirol"1Cnt of deposition 

in sGction 4. 
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Thore could b.c two P0ssibilitias for the ~ ipt~nit~s to bo 

~o~ositud 0ir cct ly on th.lsa gr ave l s 

1) Either tho b~Bi~ WI'S cuntinuously suhsiding or 

vrou l d he unl ikuly o He\"cv~r, increrc,] of the l f1ka l evol 

appcwrs to offer th .:, Dust .:;xpl r nC"tion o It w~s <> stnblished 

oarlie r th 0 t 2 large rnount of wr t e r ~rs supplied to the 

nncient l~ko in tha region dur in~ the pluvi~l period in 

Late Cu at.:: rnpry 2nd tl";,t th", le'st 10custrin" per i od corre-

(Hutzer _tp l, 1972). 

C0~ditions fpvnr~blv to the Br nwth of dipto~s ~re illu-

!', in r>t i 0n , "n nhlIlo.pnt sU1lply of nutrient sol utos , nnd sil iCR 

for skoiotrl st ruc tur oo CnncurniB s ilic r , Cnn~.r (1042) 

st~ted tllict thore is nLlo,'t inv 0 rirbly ,_, dire ct rulption 

b.} t, .. ·.:: _~n i ts rbum! nnc o i'nc' the ?l1ouut of d i ,,1;o;J pr od ucti vi ty 0 

Th3 silicn was probnhly de rivod to tho ancient l nko from 

volc~nic centers th Ft Rre found in the r~ giono 

rOe]Fsur0nents 0f pH hy Kr;:)tb :e nd Si s 2Y (1981) f or the 

distal' i t ~:;s ~ ~R inly i n the Upper Se(~VOnC 8 , ~ rc on the ?Ver8ge 

Boe ind icpting n slig;htly alkplinc nnturG of th." 1 ,~kE; w8ters 

during th e deposition of dinto8s o : ccor diD~ to Conge r 

(1942), d i ntoms appeAr de finit e l y f~vored in gene r pl by nn 

:';JprOXil21~t61y neutrAl or slii;;htly ,.,1k"lin.c pH , "nd st r ong 

pcidity s upr esse]s the diptom florno He] also st" t ed that 
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r,;sultin ~; fro1'l cleC0l'1T'osition rrocess(:s nnd bac<'use lOVier 

temprptures Rre !,;.:merFJ.lly recofnised "s olltiUlpl to diptom 

'l1dt!'bolisLl. 

Inference; the] efor() "' BY be 1'lpr) () on the teDperRture and 

pH of tho wptc r of the pnc i ent lake. It appears thFJt the 

dipto~ite of the Arup ~riginpted by the sett ling of tho ~ 

siliceous frustules in R lRke hnvinf p relptively lower 

te,:,pe.rature nnd sl±r;nt:tJ'" f'llrnline pH. 

The ,~sh intercpllf'tions Hhich often cpus,-,s the if'lpurity 

of the di8to cl ites i'Wly concurrent vQLc.::mi..::: acticity along 

with the depositions of the di'1tor,lites. 

Ol-Js e rv"tion of vrciption in the thickness of the dia-

t onii;8-8 Bnd di("tO r1F'Ce t) US se:dinents p::ives clue in the n ature 

of th e bnsin of cleposition. ~s described eRrlier in the 

litho1 1~ic rl Bdction tllicknass of these sediments incre pse 

on th" orposi te sides of the l'plifted bl"cks and volcr-nic 

hills. Thd thicknesses were seen to increase to the west 

and se,uth" est. Tht;JT "Iso incr,J ?se in thickness north-eClst 

wards '~'Dy frop thu foot of trJ llorthur.st0rn end of j; lutu 

towprrls the Z'2Y IBkG. This o~Bervption indic"tes that the 

diptonccGous s~diD·'ntB pprticulRrly of the l~per Sequence 

probe-bly c1e,wsi ted in [" bn,sin vrhich \'11"S widening to the east 

,md south,.rc st. 

VolcpniB~ pt ~lutu wps prob"bly contnined with in the 

P1Gistocen2 pnd He,10c2no. ;o>, rly eruj)tions wer" thought to 

!lpve been sublpcustrin."i , ,·nel lClvP' inji:ctiz)n p r obRb l y cooed 
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the sadiments loce lly (UNDP,1973). The deposition of the 

dietomitesof the Lower Sequenco perhpps c ould be related 

with the eF'rly philses (?) of the eruption of ;'.lutu. 

Rediocerbon F'ge dptings of the shells from the base 

f1nd top of cliRtoT1ites belone;ing t o the Upeer Sequence indi­

c rtes thpt the diatonite was deposited in 4400 years between 

9360:!: 210 BP and 4960 ± 140 BP. (Geze, 1975). "round 10,000 

to 1'1,000 yrs. BP. ·the four, GnllFl lakes (Zwey, Laniu::mo, 

Lbiye.ta and ShRla) ware still or were again united as I' single 

lake standing a t A he ight of about 35 to 45 mts above tho 

present level of Lake ZWFlY (Laury and Albrilton, 1975). This 

1>lp.S the period [It I"hich deposition of the dif1to!lJi t es of the 

Upper Sequence began to take place. This supports the pre­

vious stptement regnrding the nAture of the basin. Since 

the level of the l ake was only f ew mts Rbove the present ~ 

level of L:,ke ZWilY (1636mt) Rnd the height of the i,luto Volcano 

(336 mt abov~ the sourrounding plain) being considerAbly 

high, the supposition of the eRst nnd sCluthwest de8pening of 

the l eke pwr y fran t t is volcano is like ly. 
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Provenance 

The lithology of ~'.(1Fmi Tulu i'eclinents is l 'J r r;e ly or 

exclusively d01'liIll"~ed by pul'l i""'<>UQ "" diJ"n0'Tt-b.". 'I'he (\0<,1:­

n8nce of thc su pumiceous sediments indicpte s thAt there 

WAS intonse rhyoli tic volc enisl~ during the late period -<rf 

S0dinent~tian (L~DP~ 19'i})_ ThG Qruptiau of ~asplts from 

north-Ro"*h~.east · IfiUl ts eAst of !.lttt'tt is repartee! "'by the sane 

~uthors. 

nip.<l1l1n ('l9?O) r .ap.ert;ad tbe existence of rhyolitic 

dome 2 K;ry v]es t of i.dp."li 'rulu nnd :phre .... tiA ""'1llo\dnn <>'1'",1:<>,,£ 

north east of LAke ZWAY. Gibqon ?nd D~kin (1971j described 

the 1.1utu v.ol", ,,niA .c=ter to "tl& PQnt;~] IGr~i:ic... j.c..c.orcling 

to t hem . the Eeo l of,y of ~lutuis doninBted by 8 group of 

porphyritic ?itchstone flows And domes. Pumice and volumi­

n ous esh flo,,] tuffs pr>rticu18rly occupy the areD south of 

Leke LArJ€:Pno. The Rctivity of Alutu volcP.no is believed to 

have began in the Pleistocone pnd continued in the Holocene 

(Dakin, 1<;'71 j illTDP, 1973) • 

Field And microscopic observat ion of the composition 

of these s,diments Dhve shown the sedioents of the orea to 

contain l ?r goly of pu:-:, ic e , end lithic frn gments of obsidiAn, 

rhyolite And bp salt . The l uss c1ef'rec nf rounding or the 

nnBvl nri ty 8nd freshness of the soft pumic e gra ins in the 

sl' nd s fmd gr::we l s indic .n t e tri'nsport ation for short distAnce. 

1'he lept okurtic Emd positive ly skewed n pture of the sl'nds r.l 

Day I' l so indicrtc the ne l' rness of th o source . The proxi mity 

of the area to the volcsnic centers, fr8shness of the soft 
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pu~ice grains, the dOMinAnce of glassy mRteriAls in both , , 

COArs e And fine grAined sediments pnd the lithol ~ gic and age 

r -:; lationship of the l~dmni Tulu "s "d i :nc-mts "lith the nvailable 

d"ta suggest th p, t the source of the sedioents to be frof'l a 

v o lcanic -province to thG south e8st of the are.? 1'ron Lluto 

a nd its contrioutary volcanoes. 
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Summary and Conclusion 

The ;.dnni ,:,uln sediment s "Ih ich rp.nge in nge frot'] the 

Pleistocene to Holocene consists of p;rl:,vels , sands , silts, 

dir>tomit8s find inte rc pllption of ash and tuffs. The deposits 

in ge n,?ra l pre unconsol ida ted and poorly sorted with wide -. 

variations of textur8l pprat'leters. Sodj.nent size r Anges from 

fino s il t to C0A.rse grAvel with occAsion Al grrdFlt i on. COflrse 

gr pinod sedinents show horiznntal bedding , mpssive bedding, 

cross'··adding pnd load c flsting. Th<.J fine f,rnine d sed iment s 

Are either massive , thinly bedded or laminated. 

The volumetrically i~DortBnt constituents of the depo­

sits ara pumice , glass shnrds, volcnnic rock fragme nt s , 

feldspprs flnd qUBrtz. Generrlly they pre characterized by 

high jJc1f.1 ice to totcll volcRnic lithic fragnents r8tios. The 

imnortent henvy mine r a ls pre pyroxene, hornbhmdG, IDFlgnetite 

and biotite . The T.1P,jo r pe:bhle ond gr pnule l ithol ogies of 

the grnvels pre pUfJ ice , obs idipn nnd bRsnlt. These compo­

s i tionnl feptures indic Rte derivption of these sed i ment s 

from a vo lcanic source. 

The sedioents contain orgpinc matte r in c0ncentrRtod 

nne. dispe r <'od forn. '!'he relptively higher c oncentrpt i on of 

orgr'llic m"tter ~1t the bottoC" of the Lower And top of the 

Upper Sequence ~Py be indicp.tive of two per i ods of increpsed 

supply of orf,pnic nRtter. 
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The scd i :Jents <'re i c10ntif i c d to be fluvio-l ocustrine. 

'J'hu majori ty of the g l'Pvels anc] a nnds ,~re inte rpre ted PS 

fluvi pl deposits . The Fl' '' v a ls rich in sr..ells of [,:Fls tropods 

1'lpd bivplves anc1 "ssoci1'ltod spuds !erG i dent ified t o be 

shallow wat e r b SPch sudimonts. Th0 lRcustrine depos its Br e 

r e c ognised f'S c1 ip.t ol" i tes FI nd s i lts . Int ~' r str f1 tifi e d a s h 

nnrt tuff ~ re eitho r flow or fall depos i ts. 
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2 . 3 . 1 Textures ~f the Lower Sequence deposits 

Sands 

The senrls of the sequence a r e couposed of on t he average 

4% gravoIs, 67% sands (md 27% rn. uc1 frf'ctions. The med ian size 

r anges from 2. 1 0 to 3.90, the ClVe r f1p.;e being 2.90 imd the 

averr ~~e mean grain diameter (3.216) for these s ands is fine 

,sand. This value is 10l,j for most sanos be cause of the pre -

sence of s i gnificant, proportion of mud (table 1). The tex­

tural clessification according t o Folk (1968) for the se sands 

ar e [!;r?velly si lty sand 8nd s ilty scmd . 

In goneral the sediments 8re very poorly sorted and 

exhibit sorting coeffici ent values of the order (1.950 to 

3 .110). The v? lues of skuvrness for the spmples I' nRlysed ? r e 

pos itive ranp;ing fror. 0 . 09 to 0.53 ,.hich indicAtes distrihu­

tion fron neRr symmetric a l to strongl ~' fine skewed. 

Silts 

The silts of the LOvler S~quence generi'lly cOT:1prise 

rned iu.1Jl (46%) to COf1rse silt (33'}{,) fr Rc tions with clay frac., 

tions in the rRnge of 13 to 29%, aVerR[!;e value be ing 21%. 

From the grf1nulo"letiric indices of tl'hle 9 ca lculated 

from curves of Fig. 10, the medi an GVer8ge is f ound to be 

5.750 whil e the mean diameter is 6.860 ~medium silt). Bxcept 

one sa;nple L'2E which is moder8te ly sorted, the maj ori ty of 

the samples a r e poorly sort~d . Sample 42B is 1Jlode r ~te ly 

sorted because of high percent8ge of P1ediuTI silt frf'ctions 

pnd r elat i vuly lower cl~y frections. They have variable 
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TARLE'l': Gr'onu 1 onletr i c Ind i CG-5 of Lower Sequence Cepos its 

Sarnp 1 e litho logy ('OClrsest 1. r.1edi an \~0.an Sorting Sf.Deviation Ske ..... ness Kurtosis 
No. e Microns Md '" ~ a , a G Ski KG 

04-C Sand 5000 2 . 7 2 . 93 3. I I 3.26 0.09 0.93 

04- 0 Sand 4500 2 . I 2 . 16 1. 95 1.7 0 .42 1.42 

4;:"-A Sand 375 3.9 4.73 2.18 2.25 0.53 1.21 

()4-B OJ a+omi tIC:' 1900 7.2 7.56 2.6 3.25 0.29 0.6 

()4-E Diatomite 42.7 7 .2 7.16 1.4 ~ 1.45 0.02 1.09 

40-A DiatOllli1e ?B . 2 7. 0 7,5 !.! 0 1.0 0.05 1.8 

41-C Oi atomi te 45.7 6 6.26 1.48 1.6 0.31 0.97 

41 - E Di atomi tt::' 45.3 6.7 7 . ! 3 2 . 01 2 .1 5 0 . 32 0.87 

58-[:3 01 atom! i"e 45.4 7.5 7. ~,6 1.4 ! 1.4 - 0 . 03 ! .07 

04~F S j f i 48.0 " .9 5.35 1.33 0.e5 0 .39 3.51 

4l-;·8 5i It 37.45 6.8 7.03 1.25 1.05 0.29 1.63 

42-E 5i It 37.45 5.8 6.03 1.12 0 .85 0 . 53 3.14 

58-C 5i It . 43 . 7 5.6 t·.33 1.77 1.8 0.65 1.48 

41-r ,.!\sh 43.7 5 . 2 5 . 36 0 .64 0.65 0.40 0.95 

42-D Ash 5600 2 . 9 2.53 2.83 2.85 -0 .1 2 0 . 90 

58-A Tuff li7 6.3 6.66 1.67 1.65 0 . 42 1.16 
0 

• 



skewness (0029 to 0 065) which vf1rics frol'; fin0ly skel.red to 

strongly finely skewed o Tho kurtosis value in tflble 9 

indicptes th8t the curlU12tive curves ("B'ig o 10) ,lre leptokurtic, 

i~plying 1etter sorting in the central porition thRn the tails o 

Diatomites 

The diatonites of the the Lower Sequence c~Tr,prise on 

the 2verage 40% fine silt , 1791· "led iu"l silt , 11% COf1rse s ilt 

and 31% clay sized fr8ctions o This distribution of sizes u 

shows thRt they are dor;inf'ntly fine grpined 0 The I.~een grpin 

diameter for these sedinents is ~ell f1hove 70 (very fine 

silt) 0 Tho I"verage of 6 se.mples is 701900 l,lthough the 

2.bunc1pnt size in most slH~ples is very fine silt , ne Arly 011 

the onalysed samples are poorly sorted 8S indicl"ted by the 

vplue of their sorting coefficient (on the avorAge 1 0670)0 

The skewne ss vpluc for these d i Btonites (Bverage 0 016) 

i ndicp,tes th2t 50% of the sf1I'lples pre nepr symrlOtrical wh i le 

the rest 50% are finely ske"red 0 Y'urtosis values for the oajo­

rity of the diatomites Approaches normRl kurtosis i oplying 

comparable sorting between the tails end c antr"l porition 

of the cuoulRtive curves (Fig o 10) 

Ashes 

11echE!lliccll anRlys i s of the ,"shes frOl~ the Lower sequence 

showed thAt the ashes Rre generally composed of ash particleso 

Fro~ the three s8mplcs studied, SC% of the nAteriRls for two 

sf""ples ere s'1al10r th.3D 50 (1J32Ell:J) p.nd for sample L~2D 80%­

of the r.18turi81s Arc in b::;tween 411[;] Fl.nd 1/32I!11:10 The med i an 

size lies bettreen 2090 And 6 0300 The t0xtural perpmeters 
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c21culrtf,d frrJr.l the "lAin populption of :!Cig 0 9 indicates 

thf1t except one snnple 41F', which is "ocJer,~tely well sorted 

with sortin~ coefficiont of 0.65~, th~ rest ore poorly sorted 

;Iith higher value of sorting coefficients (Table 9). The 

skewness values of 41 - F ~nd 58-Ao are positive-strongly skewed 

towards fino pprt iclos while 42-D is coarsely skewed with _ 

negative (-0.12) skewness value o 

efhen tho medicm c1 iemeter t'ld~ is ploted 8bains t stpnd2rd 

c1',;vi£'tion O:~(I=~n ' 8 p2r~moter) for pyrocl"stic deposits, they 

Roner~lly plot in two fields, one ch2racteristic of fall dep­

osits, and the oth';r of flo\.JG (H[11ker, 1971). .Such ~ plot 

(Fig. 11) for the ashes of the Lower Sequence places the fine 

gre.inod 88hes L'1-F Flnd 58-110 inside the fields of pyroclastic 

f~ll deposits and 42-D in the field of Pyroclastic flow depo­

sits without over1~p cle~r1y indicating the f211 Bnd flow ~ 

nature of the ashes. In 3 plot of Md~ £'gainst sorting coe­

fficient (fig.11) after the manner of Vlalker Rnd Croc>sdale 

(1972) to distinguish sutrseyan fron p1inien deposits , the 

~r2in si~e chnr2cters of the nshes foll in the fields of 

dist;:l f."cies . 
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2.3 . 2 Textures of the UpP3r S·.cuence deposits 

The: gr2.vcls of the sequrmce gener"Uy cOrlprisc pp,rticles 

of all si~,e s with highl~! vRrif'llll: Rl:lOunt. The gr2ve 1 pori tion 

forQs on the 8vur8ge 60%, sAnd s 25%, and rmd 15% of the con­

stituent sizes. Although the ave rage v?lue of grAvels soens 

to be lower hec8use of the significent proporition of sand 

and or mud fractions in some sf'I'11)les, the gravels percentage, 

however, exceeds 80% in certain gr8vels. Such as 03-D , 15B , 

17-B , and 54B (table 2). On the basis of the rel"t ive pro­

po:rition of the constituents, tbo rrpvols flre texturally cla­

ssified P.S silty, s"ndy, silty sflndy and fl:ravel followinp; the 

clpssificption scheme of Folk (1968). 

The bigh proporition of muds ond sands in these sediments 

have reduced their p,v(;rpgo r.-.ee>n diP'71cter to -0.48.0 which is 

v8ry conrse sand, however , in all tho samples plotted at least 

20% of the fr2ction pr0 C08r8er them granule size CAmm) . 

The sorting chArRcters of these sediments likewise are 

gre8tly influenced by the wide range of grf'in sizes. It lies 

in bc,twoen 1 .5.0 to 4 .15.0 whioh is from poorly sorted to ext r e­

mly poorly sorted (t 2.ble 10). Tho skewness v21uo for the 

gravels varies from 0 to 0 . 92, nearly all samples being stro­

ngly finely skewed . 

The !'1Pjority of gre.v01s hpvo Angula r to subangular grains. 

Certain grpvels such <-IS 17-B , 05- D and. 17-1\.02 h.'''.v0 grpins 

dis;:JIR;ying wull r 'Jundod features. 
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TAOL[ 10' Granu I c.n:ct -j C 1 nr~ CCS Gf t~lI::> Gr~v" I s (Up.S. \ 

Samp Ie Col.1rSest 
, 

Median Mean Sortin~ St.DelJtation Skewness Kunos i 5 p 

/\lo . LI thol ogy C(microns) Me 0 0 °1 "G Ski KG 

03-C Grav>'!1 9600 I, J.7 .:1. j I 4.35 0,3 0,78 

03-0 Grave I 1120'.) -1.5 -1.5 1. S I I), 5 0.3 5.66 

0,5-0 Gra.vel 10000 I. I.) 1.60 3.88 4.2 Q.18 0.83 

15-B
I 

Grave I 17100 -2 . 4 -1.2 2.96 ),05 0.69 1,08 

15-E
2 

Grave I 11200 0 'J.23 2.8 2,85 0,2 1.51 

15-C Grave I t 1200 -il,f, 0.43 j. I 3.4~ v.43 1.03 

15-0 Grave I I c2:)() -i:'. '.., -J . J 1.29 1.35 0,40 0 . 94 

16-A Gravel 11200 -1.2 1. 06 I . j 8 1.9 0,2 1.04 

16-C GroOve I ~moo -0 . ~ -0 . 3 ,.77 2 0 0 , 76 

16- 1 Gravel 6000 -0. c- -0. I 7, L.23 0, I 0 . 46 1.68 

I I-A 
02 

Grave I 60(1) 2.3 I . .:.) ).52 3.8 0,00 0.63 

17-1\ 
04 

Grewe I ! }OC{) -, -1.1, ::!3. '1 .15 .4 .45 1).92 0.7 

17- G, Gravel II ?CO -l . S -.. " !. te 0,5 0.41 7.7 

17-8
2 

Grave I 3S4(){l - ! . (. -_.('3 l. 57 1.75 -0 . 33 0.81 

I<}-C Gravel 1710'l -2, ,; -I. /. L.96 :, . 05 0 , 69 1,08 

52-A , Grave' 96GO 0 :).8{.; 1.33 3.8 0.33 0 . 53 

53-A , Gravel 19200 -? - I .5-:' 2, t 7 ~ . I 0.42 2.72 

54-!~ Grave I I ')7()C -~ .. ~1 -; J. l:~ ~ . ~ 5 
, 7< 
"'" C.7':3 1, 91 
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SandE ----

These lithotypes consist of on the RV8rage 75% sand, 

12% gr"vel , reno 15% l1ud fr ,~ctions. l~S sholVn in F ig. 14 of 

the size frequency distribution fo r these si\Uds, more than 

70% of the ~At~ripls in BOSt sosp l es Rr e below the coarse 

sand si7.e 2S a r esult of which the me2.n 2nd med iRn va.lues 

1.28.0 and 1.17.0 respective ly, a re in the medium spnd grade , 

Like all other sediywnts of t:,c sequences, the polYElOdal 

nature of the size size distribution of these sands is seen 

by tho breaks of tho cULmleti vo curves (Fig. 14). Sort i ng, 

except for two s amp l es 08-C and 19B2 ( TRb l e 11) which a re 

~oderately sorted, for nos t of thu sElnds of the sequence 

is poor to very poorly sorted as 'it is indicated b y the 

8ver"ge ve lue of 2.03.0. Th" skc,wtmess value is in the range 

of -0.16 to 0.78 which i s froD C08rSB skewed to strongly 

finely skewed. I t CEln 1,(; inferred fro'C1 their Kurtosis values 

that tho sorting in the c entral porition of the curves is 

b e tter th~n in the ta~~s of the curves. 

The grrvel frpctions Rnd most of the spnds Rre angualr 

to subEmgular. 

Silts 

Tho silts on the pverage consist of 67% silt, 17.4% sand 

and 5.8% clay sized pp,rticles . The siz e distribution of these 

sediments is shown in (Fig . 15). The Dcan 0nd nedian diameters 

a r e nearly sinilpr for tho analysed samples (5.15~ and 5.2.0 

r 'cl s p0ctiv0ly) which aru in the r:wd ium silt rFmge. These values 

"ro rel,-,ti voly lOvier Hhen c cmp~ r8d with those fo r the silts 

of the LOVlor S')qucmce due to the presence of sand frpctions. 
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Ti\!3LE 

" 
, Gr ,r,u on,€, r! c Irtdi C<:::'; 01 :iands and fl5hes (Up. S) 

SarrQ Ie ':""')'l'-'Ot'S1- )" r:·,c· ,. q·~,dtl " oi-ti "9 Sl . OC'I i a"! i on Skewness Kurtosis 
i"io . LI tnOic.gy C ('.-,i r-on<;, , :,;d 0 " " "G Ski KG 

03- f S;:md )(1,;00 1.0 I. :,3 3 . I I 3 ., 0 .24 0.87 

05- £3 San1 ~2:100 .2 . 4 I . ~'6 4.2 4. 55 -0.16 0.74 

08-C S"nd 2·10{) I.·; 1. 33 C:' . 9t 1.1 O. 12 0.70 

14- 8 SanG ?5LX)O - 3 . 2 -I. ';6 3. 1'1 ::' . 25 -0.33 1.7 

I (,-G Sand ..:t;i.;() - to • .: - O. L) I ',10 0.75 0 . 45 2.97 

16-[ Sar,d "";.XiI. -I. ;.. -I. I [ 1.33 1.1 0 . 28 1.63 

19-~ S;:md 7l~l\.) 2 'I '. [ .j} 1.3 c, 0 .32 1.2 

19-8., <;ar.d I-O() 3. 0 3 . I 0 . 75 0 . 75 -0.16 1.13 ~ 

53-B
2 

Sand 5200 I. :; I . 3(, 2.01 2.0 0.04 1.19 

5-1-A Sand ~=OO O. ~ I.! 3 3.3 3,65 0.37 I .0 

65- 8 Sand i?OOO I . • > I ,65 1. 54 3 . 57 0.19 1.4 

65- (; Sand 11000 1. 0 1 . 73 3 . 56 3.6 0.29 I. II 

03- 0 Ash 20600 - 0 . 'j - :1 . 03- l .B3 3 . 0 0 . 21 0 . 85 

05-1\. I-.s!"! 2:~';O(' -1,6 - c.03 4. O~ 4. 7~' 0 . 5! 0.62 

05-'- .l\s:-"t .i>.'dOO -.-, U, . > ~. n~. 2 . 135 0.44 1.17 

I A- A A91 5'.) 
, 

• :> c > t~ . 6':. G. 55 0 . 28 1. 38 
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Sar'91~ r:.c."r:c-;,. , 

.... 't':.",~ -jr '·\r,il:' ~0ri'i '19 ~i.Deviation Ske\<ine5~ Kurtosis . 
t~o. LltholX";y C(i·1i cr-,;t,$ ,.~ .' ~ SI( r K 

G G 

07-f.. Diatom! '!-e 47 (; . 2 .. • :\.::J , ./;"' .5: C.33 0.81 

06- ::) Di a+Ofoi tc ;OJ' 12. ." · 1'1 J. c5 0 .23 0.86 

2o-.l.l, Oiato'1'ite -~ .: • (.- af: I .99 2 . ..: 0. '.3 I .72 

52-A 0; atOM;"'e '-7 6.C 6 , .39 •• C.lo 0.89 

?2- U :::i inomfte " t; 6. _' ( Ii!'> I .4< 1.4- 0.37 I .05 

52-C Dj atomi tt:; '/ ~ • . 1 f: •. : r .4~ I .4[, : )5 O. 18 1.03 

52-0 Oi atomi tf! 2.5,1, J. I r·o 5,j3 I r, , .5 O. 3~ I I 

55-"3 Oialonite ,'i.1 -. '0 6, 16 , .7 : . 55 0.6? 2. . 77 

.t.-A Si " I( 'C <! • .:: :). ',,,- , 13 _~. 50 - 0. 14 0.63 

16--1 ' . ~, It I 2~' t>. I I · ')5 • 0.0 I 14 

t6- J Si It 125 4.5'; 0 • <)t'- r . :3~ -(). I;~ I .'J7 

17-P. Si " oc 
; 7. c • . 4. ,. n< <"; • .J C.38 3 . 14 

17A .~i I t 21 -' 
, (.92 '1,E- O. 13 2.4 

0 1 
17-A 

c3 
Si It ]:=, C .: .,~: I .75 , is -C.3 3. 17 

1 7- 1'1 5, It 4- - .'; 5. .. ! .4t- I .4 'i O.t3 I .2 

"2 - ~ . 5i It G (! • .' . ) i . 92 I 7'" -C.09 ! .57 
L 

• 
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The v~lu8s of 'vcr~gclc so~tin~ cOefficients uyhibt~d by 

the RnAlysed silt sA~ples are of the or de r 0 . 920 to 1.980 

which indic2t(;s ~loderate to poor sorting . The skewness i s 

plso v~ri ~bl e between -0. 09 And 0 . 63 which is in the range 

of ne Rr symnetrical to strongly finely skewed. Howeve r ma jo­

rity of them show neA r syroro0t ric ~1 di stribut i on . Like t h e 

s ilts of the Lowe r Sequence , they have leptokurtic cumulAt i ve 

curves which according to Folk (1968) il'lplies better sorting 

of the central Dorition thAn the tails . 

Dirtomites 

The diptof1 i t es of the Upper Sequence Rre fine - grained 

a nd are essent i ally conpnsed of silt and clay s i zed pp rticles . 

The studied sHmples :ore Gspec i '1l1y 1'18rked by a predol'linance 

of s i lts ave r rtging 81% . The r e st i s r.ade up of clHY 'lnd 

sand f r pctions , of which the forc'8r is d GJl1in!'1nt ov:or the 

latter. This fine gr Hined n ature of the diatomi tes i£ rGf ­

lectcd in their l'lediA n rnd ne <~n (lil'\~ete rs (t Rbles 12), th e 

nv'c r age of which is fine silt 6 . 110 r nd 6.460 respective ly. 

However , \Ihen cOPl.pC'red with the di8toni te s of t he Lowe r 

Sequenc e , the d i !'1to'1i t8s of the Upper Seque nc e are chAracteri­

zed by relptively lowe r 0 VAlues of l'led i nn , rmd Jl1ern diEllJeter, 

sortinE coe ffic i (mt, nnd stand E,rd deviAtion (t Rbl e 12), being 

relRtively coarser, with" tendency to he 1'1oder['tely sorted. 

~lthough they nr e rtoninAntly constituted by silt s ized fra ­

ctions, they !'1re poorly snrted as it is inGic pted by the ir 

sorting coefficient v"luos (on the e.ve r?ge 1.590). Skoweness 

villu·;) s for t hese lithotypes nre relRtivoly higher than those 

of the Lower Sequonc e . The rnngo is from 0.18 to 0.62 
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F;Q." CUMULATIVE CU~VES OF GRAIN-SIZE DISTRIBUTIONS FOR DIATOMITES OF 

THE OPPER SEQUENCE. 

CIRCLED NUMBERS INDICATE 'tALUES OF DI ..... £TERS. 



(fin~ly skewed to strongly fine skuw8d). 

the sortin~ or standRrd deviation vplues for the diatomites 

of the LOl-le r Clnd Upper fequenc8, because of their differences 

in tho ave ra~e sizes, th~y arc seen to be separated without 

overl~ps, the Lower sequel'ce diAtoFlites nccupying the region 

to tho right of the di~tonites of the Upper SenuC'nces. This 

fact- is Cllso r l}fe l cctod in the plot of coarsest percentile 

'C' Agp inst nedipn ~i~neter pccording tn (Passegn,1957). In 

this plot (Fig 20) the dirto:--i tas of the Upper SeC]uences Clre 

concerntr~ted nearer to the liniting line C=M than th8 dia-

tODites of the I,ollGr SecHWnCtJ ~ The neArness 6:6 these di",-

tomit~B to the liMitinE line C=~ indicnt8s the tendency of 

the Upper Sequence di:·,to'1ites towArds bottc-r sorting thrill 

their equivplents of the Lower Sequence • 

....... shes ----
']'lw F'shes of the Upnor SC'lu8nce f;enerally displRY a 

spcctnF of sizes fro,", l['pilli siz," to very fine psh particles . 

O th th d of -z20I 1 . 11 . n e rvc r pgeey pre cODpose ~ ,. "'P1 1, 30"/f COArse 

ash nnd 37% fine nsh DPterinls. As shown in Fig 15 the size 

distributions of thb nshes of the Upper Sequence.rre l1pproxi-

J:lF\tcd by curves , usually broken into two or throe parts, on 

probability pe_per . This n"nns thnt they h,we polyrrod01 dis ­

tributions, (YPflD.z."ki, at?l , 1973) el"ch of which is " l og_ 

nor~pl distribution. In all the senples plotted nore than 

80% of tho ~~teri"ls :ore sn?ll."r than - 20 (4::m) . Both the 

~odian ~nd n2pn SlZ~S except for 18A hRve lowar 0 vplues 
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SumI'l8ry of texturc,l descriptions 

The gr:onulonotric study of the ;,dni Tulu sedi'''Hnts show 

F wiele v~ri etion in the textuJ!8 1 pnTR.Dot0rs .. .,:.\.vcr:::tge sediment 

size r8nFSdS fr0l1 very co,<>rse sand to vc;ry fine silt. It 

will bo notod fr oV' tqblo 13 th:'t the ~;od i I'lents o f the Upper 

Secuilnc e are reletively coprS(J r th"n the i r corre rspondin g equ­

ivale nts of t h e Lower Seo uence. This nay suggost thrt wh e n 

the Uppe r sequenc e sodiI'lents were d e,:>os ited, thcr0 probably 

wes a continous and rRpid supply of nateriels to thu b:1s in 

with little or no reworking. 

The stRndqrd deviation vAlues "'re Dighly vrrinblil becAuse 

of wide v",ri",tion of sizes in ~ost lithotypes. Ndnrly a ll 

the deposits ere positively skc,w8d ",nd ,:1 r o in g0noral poorly 

sorted. Tho posi ti vo skewn(,ss and poor sorting r.l2y r :1flect 

tht. leck of winno1,)ing cllrrent Act ion. LO \iG r Sequence sedi­

ments are larg.:oly nos " kurtic while sedinents of l'pper Sequenc e 

are largely leptokurtic (tnble 13) . 

Tho polynodality of these sod i Qents pprticulRrly of tho 

coarser s{)dirlents i. e. semds :md gr?v01s is shown by brepks 

in the cur:wlilt ivJ curV3S (Fig. 9 ,1 3 nnd 14) . However, this 

!'lay not nedessnrily imply thRt parts of the sodi~cnts achieved 

their sort in€'; elsewhe r e in " high- enert;y environrw nt, and that 

they we r e transported essentiAlly with the ir s ize ch['r~ct8ri­

stics unmodified int o "nother envirom:wnt £IS Folk end 'l"rd 

(1957) sugg,_ sted fo r Rr~ zos Ri V(~r bnr sedin,;nts. But r atbe r 

it could b" dUG to the nee!rness of the source. The sub2ngul Rr 



lower 

Seq. 

Upper 

S(:!q . 

Note: 
VPS - vAry poorly sorted 
PS - poorly sorted 
f;1S - moderaTely 50rteo 

SFS - strongly finely skewed 
FS - finely skewed 

tJS - Ilear sYfl'lI:>etri cal 
CS - coarse skc' .... ed 
LK - I eptokun i c 
MK - rnesokurt i c 
PK - platykurtir: 

• 

I 
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nature of the pumicu pebbles RDd tha homoFeneity in composi­

tion of these sodi~8nts ara in favor of short traDsport and 

neorness to the sourCd. If the sediments pre near the s~urce 

of the sand, they pre charpct8risticRlly leptokurtic end posi­

tively sko"red (Folk end iiprd , 1957). '['he sands of both s('quen­

cos BrB in general leptokurtic Rnd posit ively skewed (tpble 13) 

in agren~nt with this statement. These considerations may 

suggest th2.t sorting vlns primpry Clnd po l yBodality resulted 

only due to the variation of the sizes of initial source 

mClterials. 
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3. Orf,anic Metter Studies 

Because of the abundant populntion 8round their shores , 

p~yt oplankton in their near surface waters, so~e of the or ganic 

ll8tter derived from d8caying of plant pnd animal organisms 

become incorporated into lake sediments. 

The or ganic matter incorporated in leke sediments accor­

ding to Eglinton (1969) mainly consists of carbohydrates, 

lignin, glyceroices of fRtty p.cids and V1P.xes, and resins. 

These, latter as R result of ~icrobial acitivity and nhysico­

chemical processes occuring in sediments are dev,raded and 

fossilized to H20 and CO2 but the ~ost stRble compounds Rre 

preserved as conplex derivatives such as humic substRnces 

( l'18 inly allochotonous) ond bi tlll'lOids (authochotonous). 

Terrestri8l orgnnisns nlflinly plents [';ive ris e to humic 

substDnce. AquRtic orcnnisns (phytoplankton pnd zoop12.nkton0) 

give rise to bituo ~oids. Ths humic subustances may withstand 

oxidizing anviroment while the bitll~oids may be preserved 

only in reduc';ing environment. Hence the pre sence of hUffiic 

substances in sediments in general indicate an oxiding envi­

r0nment, a r ea s of mass input of allochotonous mp.teriel , and/ 

or Daleosol horizons. In reducing environment the autochoto­

nous materiel will be pr eserved P.S bitumoids (Harner, 1970). 

The quantity and type of ellochotonous (hu~ics) and auto­

chotonous (bitu~oids) of the incorporated organic matter in 

sediments chDrat erize the environoent!l.l pP.SSWI1YS of detritus 

into areas of sedimentrtion Bnd p2leosol horizons. 
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The presence of organic matter in the sediments of Adami 

Tulu was suspected from the 0bservation of dark brown coatin~ 

on some pumice grlwels IlDd tbe presence was tested in the 

field by using 5%, sodiUl] hydroxide whicb usually turns 

yellowishbrown or brownish by the dissolved or ganic T!1atter. 

Preliminary field test convinced tbe existence of humic sub­

st~nces in t bese 12custriD~ depos i ts end tbe analysis conti­

nued in the l aboratory. 

Methods of Study 

The pr ocedure followed for tbe organic matter analys is 

was the well known metbods described by Florovskaya V.N. (1975~ 

('md Eglinton (1969). 

After prel i lJ inRry fieldtust showed tbe existence of 

hU"lic substf'nces, 33 sl1opl,)s suspected fo r their content of 

or~8nic IDI1ttor were selected fo r laboratory analys is. Tbe 

procedure followed for tbe analysis gives semi-quantitative 

r esults and tbe schene is outl ined in Fig. 17. For eF'ch 

s ampl e 4gms of the 1/4mn sieve frF'ction WF'S trea ted by 5% 

}TaOH ond was al lowed f or 24 hours . Bxt RctS we r e used to pre­

pare prelininRry etp.lon collect i on with fixed (known) con­

centration of bumic subs t ances . The aIDount of hurus was 

determined by colorimetric Method . The e rror in the determi­

aation could he high from individual to indivi dua l and the 

r esults pre therefore only sel'1i- qunnt i tpt ive . 
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Bitu~oids were also detarrined hy treRt ing th0 s~~e 

s2.1!lples .;ith chloTof:>r>n r:ncl be nz,in C) 0 r;:hG il!!iOunt WAS deter-

"1 i ned s8Pli-<]wmt i tF,tively by ,<w i gh inp; the filter peper extracts 

and converting this to 100%. 

Rock 881'11'le 

<t 

Crushing 

,/ 

S ievin~ (0 . 25nm) 

~- ... 

l'1ROH (5%) 

(humic Substp Dces) 

I 

" Extrpction 

-.... ---,~-... '. '- - -? 

Chloroforl'1 e.nd benzene 

(bi tur:lOids) 
/ ' 

)C' ~, 
Chlorofor m Benz ine 

I 
(hyrocnrhons 

..i.­
"no the 

v 
(resins and 

l i ke products) 

hydroci'rbons) 

Ji' i g . 17 J. schG"lC fCir the c.eteT'l inat i on of or p:pnic matte r 
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Rasults pnd Discus s i on 

Tha result of thJ or~nnic QP tt ar AnAlysis of the 33 

s2~plcs is sumDrrized in t "~ l e 14. In Any of the 0nnlysed 

S21-1ples pr0scnce of o r~pnic mF tter w~s d~tected pnd nost of 

the erl'enic JTl2ttcr b e lonp; to hUllic substrnce s. Tho :'wmnt 

of hu'i· ic subs t".ncc s is in the r~nf':e of -'-0.0025?-( to sli fChtly 

nore then 2059; :qnd bitumo ids ne ver eXC68C 0009%0 

The or~Ani c Plrtter occurs in dispersed f orns Rnd ps 

conc ebtT' 2ted f 0 r l; s f nr '1 inp; thin 1.~y8rs _ Post of the orgenics 

e re pre s~nt in the co:-rser grRined sedinents i. e . in grRvels . 

The Bshes nnd fine grpined sediMents with f ew exc eptions Bre 

p?rctice lly pooro Rowever, SOT18 ~into~!ites 2nd silts cont~in 

recognisnblG amounts. The dirtoMite sAmple (41.E) from the 

LOHer Se quence contpins 2bout 1.25~f hunic substrmces. This 

d i pt ouitc i s ove rl Ain b y 2sh 18yor which in turn is overlnin 

by the brown sil t with hi [';h 8nount (2.57:') of o r (; '·- nic ;>::3 tter. 

Tho org"nic n ptter in this diAtnnito pccumlDted probably 

Elf tel' b'o i ng filtered c'.own throuc;h the :J sh Ipyor ove r lying i t. 

Thin l ay e rs of orfPDic r12tter occur in f e w grnvels pnd 

in s, '>1Il", 5il ts " f th'a jTpp" r Sequence. In " il t SP~jp10 53B1 

(p1 2te 7) in pprticulpr, ns rte5cribart in sA ction ?2.?3, 

thr ee I py e rs of org:f1nic !le tt e r r>re pI'0 :1ent . -" lth 'lUgh the 

ind i vidu21 c(lncentI'3tions [Ire high, th -3 oVdrnll PVGI'''f':o con­

tent of ()rp;"nics in the s,"'lple i s not very hiFh " nd is about 

0.06%. This fir;ure is f o r the) hUT'ic su1)st8nces pnd bituD0ids 

,,_ r e r:'ot d8tectcd. The prusence of hUe]ice Find Flbs" nc e of 

b ituir.o icls J- eel to the pssunptinn th~t the or r;f1nic mRtteI' in 
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TABLE//{: Results of Organic Matter /lnalysls 

Sa"l'le Huml c Sub- 8i turroi ds ~ Huml c I 
No. Li tho J09:t: stances (Chloroforml c Ext.) Bltumold 

04-0 Sand 0.0025 0 .00075 1.3 

42-A Sand <0.0025 No humlcs only 

04-B Diatomite No 

04-E Diatomite No No 100; I 

58-B Diatomite <0.0125 0.00025 "- 5: I 

04-F 5 i It 0 . 0025 No humlcs only 

41-B 5 I It 2.5 No humlcs only 

42-E 51 It No 0.012 8itumolds only 

58-C 5 I It <0.0025 0.012 "- I : 5 

42-0 Ash <0.0025 0.0075 I: 3 

58-Ao Tuff 0.090 0.012 Bitumoid!S on I y 

05-0 Gravel 0.0025 <0.0025 I: I 

07-8 Gravel 0.12 

08-A She I I Y gravel 0.9 0.09 10: I 

14-BI Grave l O. 12 0.07' 48: I 

15-B I Gravel <0.0025 0.08 I : 32 

15- B2 Gravel <0.0025 humlcs only 

16-1 Diatomaceous grave I 0.0025 humics only 

17-B2 Gra va I <0.0025 No humlcs only 

19-B I Gravel 0.0035 hum[cs only 

53-A Gravel 0 .0025 No hum i C5 only 

08-C Sand 0 .0035 ~hum'cs only 

05-A Ash 0.035 0.035 I : I 

18-A Ash <0 .0025 humlcs only 

08-0 Di atomite O. 12 0.0035 34: I 

15-A 51 It 0.0025 humics on l y 

16-0 Diatomaceous 51 I t <0 . 0025 humics on l y 

16- F Sit t <0.0025 h um lcs only 

17-A 03 Diatomaceous sl It <0.0025 humlcs on ly 

53-8 1 01 atomac&<>us sl It 0.06 No humics only 
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this silt s is ~f -llochotonous origin supplied to the leke 

b y p s~all l ow BPervy river durin~ the ~Bposition of the silts . 

I f so, then tho three l~yers may in~ ic rto three success ivB 

nariods of or gpnic rl"tte r innut of v~rilble ti~b BS e vide nced 

by the gap between the l ey~rs. 

Besue' on th", ir solubility in "lk"lies , <, cids !1ncl ;-loch()l 

( stevenson and Butler , 1q69) divided humic su-"stpnces into 

hULlin (insoluble in none) of the rea Fents), fulvic 2c i ds 

(soluble i n plb'l i p:nd pc i ds ) end h UlTI2tome l Gnic rc id (solubl e 

in pIke- Ii "' nd plchhol). Tesitnp: the extrect s \Iith BCL pnd 

f'. lc ohol (C 2H",0;j. h-,ve sho"lll tho pr esence of fulvic 8nd 
-' , 

cte r of hun ics relativo to the init ~ l SIUTce 'lntor i al. 

Although the; ?VOrAr,G m10unc ()f hUr.Jic suhst2nces is little , 

z·Jnos of r olat ive ly h i r;J:w r c oncent r 8t i on 'tIere observed frO!:J 

the ,' n 21Y8is in both so r,.uencBs . fJ1he f irst on ,) is in the upper 

part of the UPPG r Lacustrin·J p~rc,vG ls (5P,T"1) I ()s OSh , 08D 2nd 14B) , 

?nd thE; other is in the brovlD 5il t pt the bottom of t h o c olumn 

of the LOIoJer S8quenc e ( sl"[;;r J 0 41E) vlho r e the hip;h e r conc.entrf-1-

t ian of hU"' ics is detected (t:-,ble 14). 

BituQoids p. r e p r ese nt comp ~ rtive ly in SQ811 pmount nnd 

r Rr e ly r eaches 0 . 09%. Thoy ~ re not ~etected in Al l lithologic 

v ,ri c tic s fl nd ,ppr 8ciRble amounts Rre s potte d in the very fine 

grflin8d sedirlGnts s uch i~S silt s Rnd di~tO')it e s. 

Fron this p'81in in" ry study , nlthough the d e t8r"1 im'tions 

ro re not f"r fr0r:1 e rr')r I"n0 the re suI ts "re ",or e of qu"l i tflt i v e 

npture then qUl" nti tnt i ve , t he f 01 l owinv gen()rp li . ,tions c ould 
be P1Rdo .. 
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1. Tho or ganic ma tte r is present in the s ediments of 

the region with variable p~ounts. 

2. The pr() c\o "' inanc e of hU;:lic substances in [lost sed i­

f1le nts is £I n evidence of the allocohotonous Ch Rr f' cte r of the 

organic. r.8 tter f'nd indic r. t es the uxi s t ence of oxidiz ing con­

ditions in the basin of deposition (l~rner, 1Q70). 

3. The presence of concentrated for~s of orgonic matter 

£IS thin layers may indicf'te period icity in the formation and 

accu~ulation of the or r anic matters. 
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4-. Discussion of Depositiom,l Environ"1ents 

Tr:; mechpnisns nnd (merp;y of grain trpnsport <IDd the 

environment in which the sediment S were form e d "Iere en81ysed 

with tho us c of MoiolR-Yeiser (1 968) Rnd pRsoegR (1957) 

di?grr.m s [lnd with thu r.Je tho d o f sedinent:etion envir onment 

inte rprc t ption b~sed on the distribution of grain popu18-

tions (Pip;s 9 to 16) with Visher ' s n8thod (1 969). 

The t e xture of sediounts r "fl ects the process of depo­

si tion o f the s ud i ::wnts. ' C ', the :'1pxi '1lun gr :o in size Clnd ' !"T ' 

the mediCln ~rG chpre.cteristics of depositiona l agent. The 

C- f1 patterns 8r IJ f"ono r " lly sh f'rp ly defined Rnd v nry consi­

dercbly vi i th thd t ype of deposition[' 1 'l gent (PflSsegfl, 1957) . 

Litholo"ies of the ;,o.['::: i Tulu s ed i l'lB nts are dO"1 inFited 

by vole <lDic f.1n t e riCll e ssentially put'iceous. The DOSt im­

portFint lithologie s pre cri'vc~ls , sflnris , silts pnd d i ? tom i tes 

Find the gross cherRctor of the deposits chflnse s little within 

inctividual lithol()p;ic gr'lUps for both sequ.snces. For this 

r ee SOD discussion "f riepos iti clD81 eDvirOlll~ent is given for 

the Ii th.) logic Froup s in p;oneral. 
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Gr,vels 

The plot of Cle(l ifln (Md0) ?pinst coqrS '.l st percentile (C) 

(Fig 18) pfter Pnss egp (1957) shows thpt ~ost gr 8vels follow 

a pp ttern s i' lil "r t o th~t sho.rn by rive r s ed i ments . ;,lmost 

a ll s[H1pl e s are c onc8ntr"tod in thpt pnrt of t he p", ttern in 

~Ihich the tr8Dsport of the~,e c o"rse r ~pteriRl s i s hy rolling 

suspens i on. The meRn and stpnd.ard dovi " tion dei1endenc e 

("Pi g. 19) of J"io iole - 11" i s'J r (1968) of the C',nalysed snrr:ples 

a lso gi ves projectioD points ~hich 8rc ["los tly concentra ted 

in the sbct i on of river sedi~ents except for sA~~les 15B1 , 
17B1 and 16-1 ~~ icb fel l ih th2 beach s dction. 

The fpct th,·t the l'lPjority of th o gr ave ls a r e r e lntively 

richer in !'UIJ i c subst:->nces dorived fro!1 terr estrial v'ege t ntion 

could pIs.) be ndditionol 8vi (ence for their fluvi nl chnracter . 

Tho rrrve l s wh i ch ~ostly occur ps interbeds within tho d i nto­

l'l i t 0s or d i "tol'lncoou s silts ~r~, ho~ever, inter pr e t ed to be 

r r obRbly of s h 811 0l·r ...,pter Ipcustrine 0S they are rich in 

sh2.110w fr ''] sh wpte r she'ls of pc,p stropods Find biv? lve s. The 

accwJulption of these shells in ~nss in relptively thin lpyers of 

f2;r nvels SUE'€"osts thAt there ["lus t h8ve bee n n~ss der. th. Based 

on the assUl~ption thc t the pumi ce grpvels h ,<>v8 be ' n suppl i ed 

t ~ the I C'ku bv rive r s c ftor they h nve been erupted from the 

c oncurrent volc:>ni acti vit;v, ? chrmn, in ttl" "h;!s ico-che:'1 icAl 

hpl A.llee of the lpke w~t~r C "'luI;; bc inf8 r3G. S; ch e chf"lnge 

could probabl y CR use the sudden depth ?nd r ap id COD sequent 

~epos ition of thes0 org"nis~s nlon~ ¥ith ~h~ rr~v~ls. 
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The np t e rip lE of t he ~rpvels lik0 otha r lithotypes in 

the r eg i on i'ra lRrga l y dO"1 inpt ed by punics. The poo r 

roundinB of ~ost of tho pu~ice pebbles of t hese ~rRvcls 

inspite of the ir soft pn~ fripble n Ature, suggost s thAt nost 

of the 0~te ri~l s hAve not been trpnsnorted for 10n~er distn-

nc es. SOT~i.J Fr pvel s (eg. 17B1 ?Dd B2), howe ver, h pve hjghly 

r 0unded pebbl e s of pU"1ice pnd b ASAlt pud the effect of re-

w,jrking i s seen in t he punice grp ius pltorinr them to yellow. 

Exc ept fo r this tho r:;rjority of the grAvels h l'w, relptively 

f-:,sb punicc: €"r'Jins ,",hich inplics th,t t r " c'eposits h ~ve not 

suff ... :·rcd l"":uch r el:!orkinp.: 0 

In sUrJ71i' ry, the ~1[ ,jorj ty of t'1" p-rF".'c ls pr " interpreted 

to be fluvi pl a lthovrh few of tba~ ,re shAllow lrcustrine 

(be-ch) depos i ts . 

SRnds 

The sl1!ld s of the ft'ldy [lre" shov1e(! d istinct ppttern on "" 

C-M dipBrr~ of PPS 8~g~ (1 9~7 ). ~he pl~t cn Fig. 18 shows t 

thrt th o Pln jority of th8 snnd sp.nplos f o110w",d P pRttern 

shown by r:o~t re cent fl uvir1} cle~)f)sits. This p" ttern suggests 

t hn t the mechpnis::n of tr~nsport for mos t spnds to be by sus-

pens i on, the p~ rt of the pptte rn ?opr escnting the grgded 

suspens ion being l onger thnn the P~Dt of the pntte rn repre-

senting sec1inents wh0se pr rticles ':loved in rollirw suspension. 

CO l'r",u r v r tic l es l'p to 800 r> icrnns \~ere "hI e to be trccUl SpO-

rt,)(i in Fusnc'nsion by tl1,: clcnositinrr rive r. 'rhc r nplysis of 

the sh ppus of c urves with Vish~r 's Method (1969 ) b ps e cl on the 

t 
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'rho silts pnd dint:J]:itcs pr", thought to h?ve settled 

fro~ suspensions in tho l~ke. The sudinents cont~in ~bundBnt 

s nd VlGll pref'erved plpnktonic foss i l cliptoms. These f ino ;:; 

grpinod socliments rre interpreted to bo lAcustrine 1,leer.use 

of tho obsence of current produced structures end the pre ­

sence of la"inptions. 

Th(, di':tomitos in :'oner~'l c'isplay two tY(les of structure ­

~Ess ive beddin~ pnd IpninFtion. Those with mass i ve bedd ing 

MEy he int~rpretod to have rBBllltod from ext r emely slow 

sedil;,(mtation end thoSG with Ip'~in[tions '1ir;ht h?vo been 

fCll');]ed by rppid sedi''li.mt,.tton or fluctuptions of the Supply 

of susponded sedin"nt (Collinson pnel Thom~son , 1982). 

In the Vlot of ' e ' R1Rinst '~' (Fig. 20) , these sedi­

l'lc;nts fell in t!10 fi"le\ of (1uiot "TFter "oDosits which i s R 

ch~l'gctGr of Ipkas and IFgnns. The siFnif ic~nt feEture of 

tlLse s'.;di;';u nts in this dip.gr~m is thrt tho silts of the 

Lower S,;quence ['nd the di,; to!'1it,,)s of the Uppi:r Sl1t;u once pr e 

ncprer to the li~iting line C=f1 o ~8 this 8re~ is the area 

of bettor sorting (PRSS0~P 1957), cOBp~rDt ively the d i atomites 

of the Uppu r SLquenCc'l ?,nd Bil ts of th" LOI:o r 88<luene are 

Clodor e>tely sorted then di~t()nites of Low0r (mel silts of 

Upper Saqu8nce respectively . 

Tho fruQuent occurrunC0 of the ~iAt'!'1ites i~mediptely 

on thd p;r2vels require S SQT;\t-. ~xpJ ptftt j Jl~ De~osi tion of 

di~tn7~itG S rcql1ires qui~t ~Ipt~r ~psin free of current ~ct i­

vity and [lost of tho grpv01s Fre th()up-bt t,) h " fluvi 21. 



Olotornll .. Low ... S.qu.nc. 

)( Dlatomlt .. Upper S.q ... em:. 

I Such 
TI Ri.,.r Pottern 
TiT Quiet Wat.r( Lak .. ) 

2 4 • 10 200 4t)O 600 

Fic~ . to eN DIAGRAM Of ADA.MI fULU SEDIMENTS 
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