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J bstr "lct 

Bt:di::J.-.:nts of LfltE.: r'u . .,terni"lry pc r iiJd ~rt... tJPcs,,"d in 'cprJi 

'rulu fire" . They r0pr i:s ~nt Dopor;ition in ~ f"ult c OJ'ltrnl led 

b~zir. in thl..: narth(Jrn ~):'rt of th ... T1f1 in Ethjooir'n Rift V"lley. 

Tht:.!y forr:1 thick succc.:nsi 'ms of co"'r:.~. I"nd. f in~ gr"in,,-"d sedi ­

Me nts , gr1' vc.:lG , s'lnds )silt ," nd (li"tl}'.1 it ~s "'''lOne which grevcl'ls 

nnd d i '~ ~ '('l:1 i t s pre vol u"1t:ltricnlly i'!lnortf'nt.. These: sediments 

displ !!y s~di:H nt~ry structur ..... s , s uch ~s bvddinp" l O"1 in <l ti ons , 

c r oss-bedding , ~uclcr' ckt:, flnd lOf'd c"st£.. T~xturplly , tht;:se 

.... E.:diTYJ.:::mts PI''':': lIoorly !;ort ·ct, pOf"it iv .... l;f skl..'w~d , pnd Ch roT"lC :!; 

tl...'rized by ~csov.:~Ttic-l...rto'knrtic curv.;.;s. 

CninC"s i riof'nl f'tU rl i.,5 indic-:ott) nu -:ice 1 rl"ss shards , 

f r t"'tTle nt s (o f v)lc"nic r ncks , r .... ldspnrs , and 'lu' rtz to b~ the 

r'10f"t ~ '1p')rtnnt c ~nsi tllents )f th'J r ocks.. H()rnbl~nc c , pyroxe ne: , 

n~gnct it e "nd biot i tL.' p.rt;· th<J ir::mortnnt hcf.1 VY ::'inl..' r rl C 0 D ­

s tituLlnts. Ohsic i::m , brsrolt :'nd 1'1~y01ite dotlinnte the lithic 

frf'ctione Thc~H C'lT1positioll rof tht:: stldil']..; nts is indic fl tive 

of " vC' lc ~ln ic pr OVun f' Dc c . 

The textuT'~'l chnr nct,. ristic~ nf th '-.! p;: r nvc ls "'nd the i r 

distinct ~ssoci r-ti on v-rith hu:' ic subsrrol1ct..s or @:'>st r :)pods 

I)n<1 biv<'Ilv0 sh..;llE "r.:: jm1ic[!tiv,:: of fluvipl " DC bo..:"'ch 

uDviror~cnts of d~posit ion jor th~ f r nvels , r~sDcctiv0 1y. 

Tho..! stl'Ucturl)S of di.,t{)T.~itJ::; !'Ind "'sRoci"ted silts :- re coo­

si::..:tcnt Nith the de-;-.'osition of th0sv scd i :-Jl:nts in f' lrcustrinu 

cnv i r ron:;h.mt . 
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1 . 1 ocation and accessibility 

mhe p-rea covered by the present study is located about 

170 Km to the south of ~~dis in the Galla lakes region of the 

1'!1ain t;;tbiopian Ri ft. It lies r.etween lakes ... ·:IBy a nd Langano 

due epst of the to\'m of fodfliTli Tulu o To the north it i s bor de -

r ed by the southern shore of lake ?,way find to the south by 

Aluto volcanoe, rouf,hly coverinR an ar eA of about 90 I'm2 

(Fig. 1). 

It is accessible by the main Add i s Ababa- Awassa highway . 

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

Adami Tulu) crosses the area. Two other dirt r oads one whi ch 

runs to the north branching from AdAmi Tulu - Chefe J i 18 r oad 

and the other to the south reFlching to Laneeno ca n be used by 

four wheel drive to explore the area. Trave r ses could be 

tpken from eny of these roads by foot. 

The main river that flows in this r egi on i s t he Bulbul a 

r iver. It starts from Lake Zwey i n the north a nd dr a ins in to 

Lake Ahyata i n the south. I'lumerous dr y seasona l stre~ms t hat 

stprt from the volc~nic hills flow south west feed ing t he Bul -

h'llR river duri ng rainy seasono thereby cutting gor ges thr ough 

the soft lacustrine sediments ~nd exposiD~ thick sect i ons of 

these sediments. 

The torography is flat eycept in the central and south 

eastern parts \'lhere volc n ic hills form elevated grounds. 

Exposures are found alon~ the nlones or at the foot of the 

hills ond along the dry volleys or streams. 
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1.2 Climate and Veget?tion 

The clim~te is semi arid with ~ relatively shor t r a i ny 

season durin~ july Rod August. The ve~etation of the a r ea 

consists mainly of low thornscrub ~nd accacietr ees. P?r t of 

the ar ea, mainly to the north, and to the south i s 8 fa r ml and. 

Objectives 

The aims of the ~reoant investigation ar e ; -

1. To study the distrihution of t he lacustr i ne depos i t s 

in the Adami Tulu ores. 

2. To eX8mine the sedi~entology (texture , structure , 

minerFllogy ('Iud environment of depos i t i on) of these 

denosits 8nd to come up with 8 possible conclusive 

r emark on tho denosition of the diAtomi te in the 

r egion. 

1.4 Pr evious \lo r ks 

Occurences of lRcllstrine sediments i n t he r egi on we r e 

reported in the p,enerr.l studies Vihich ar e pa1eoclimflt i cal and 

or ~eologicrl such flS those of Nilson, 1940 ; Mohr , 1966 . 

The ~ost im" ortant contribution i n t he histor y Of(G;~ 
lrkes is the recent work by Grove pnd Goui de (1971) and Gaze 

(1975) who also provided rAdiometric age dates f r om these 

sediments. The Ethiopi~n Institute of Geological Svrvey 

(EIGS) of the 11inistry of Hines hes conducted genera l geolo­

gicsl investig3tions in the lakes district pr ior to 1970 and 

presently the TTf'DP for Geotherr'Jol research has C1Ppned the 

region et the sc?le of 1 : 50 , 000. Recently the ErGS has been 
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studyinr the diatomite of the ereR M?in1y focllsinF, on the 

deterninf'tioD of its quplity based on physjcel -oroperties Rod 

for few localities the estiMation of reserves. 0 systemnt i c 

study has ').)oen done in investiF':2tinF the sedimentologic n~ture 

of thes~ sediments prior to this study . 

1.5 Methods and M~teriRls 

A to~ogrAphic m~v of 1 :50 ,OCO seRle w~s used ?S Po base , 

with Reri~l photo~rAphs of the same scsle as ? supoleme ntar y. 

Travcrs~s were taken rlonr, strepm channels and also i n ~rof i les 

not unifor~ly spnced . 

The follo\t1inp: metl'lods v,(;re genc:rc-lly enployed in the study : -

1.5.1 Field logging 

Fifteen eJq)osed section .qloDlr stream channels encl dr y 

gulli es vlerc described, sEHilPled and roeesurcd using a field 

log~ing method of Bouma (1962). For cRch bed , th ickn~ss was 

meflsur 0d Emd significnnt pro'PtlrtiE::S such flS composit i on , 

grade, sedimentary structur~s RDd colour were recor ded. 

1.5.2 Granulometric analysis 

Repre~ent~tive samples from each measured sections we r e 

pir dried and then rrllnuloI:l~tric aDf~l;usis Wl?S m ..... de follO\.,rinp; 

the r:Jethocls described hy Folk (1Cj68). I}r<:>in size pf'raIDcter s 

pre those of 'Polk (1968). PrrfH''l(;tO:'rs such CIS me"'n gr ain- size, 

sartin£", ske\omcss, kurtosis And stDnda=d devi[ltion h~ve been 

dctLrmin~d ~raphicplly rnd the ¢ SCAle introduced by Krum~ein 

(1934) bas been uf;cd to simplify the Brithemetic involved in 

computinr- thes~ p~r8~ctcrs. 
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1.5. 3 Petrogr~phic and HI..·avy r1in(:r~1 Ana lysi s 

1'he difficul ty of prep1'l r inf" th inp€ctions of unc '1 n sol idBt od 

pUr.l.iceous sedime nts rnd pyr ocll.stic dt:pos i tE pr e c l urled ext e n s ive 

up.e of pc t r ogr Fl.1Jh i c r;t1.ldy. Hm 'ever , the f ine fra ctions of 

thoGe deposits \'lo r e ~xf'l['lined unner t h e b inocul fl r mi c r os c ope 

inor de r to hewe p clue in their comnos i tion. 

Heavy "'lin~::"fll AnAlysis WDS ccrrit!d out us ine: r epr ese nta­

tive f j oc s~nd fr~ction8 followi ng t he pr ocedure described by 

Cnrvcr (1°75). The h Rvy rli n er%'l l s were separ a t ed from these 

frRct i ons using br omofor m (sp . gr. 2 .85). RepresentRt ive 

SEltJ!plcs of l-oth the U r-ht and hl'ovy minc r :tls \o1e r e mounte d in 

glass slice 8f'd then eX?IJincd under the "icroscone . Count s 

"lOrE: m,de of the indivi d ual hcE'VY mine r ··l s t o deterT'!ine their 

pe rcent~gc hy nUMber . 

1·5.4 Othe r B n ~lysis 

SG~i -qu~nt i t<tive deter in~tion of or~? nic m~ tter content 

"/~S dODe on 37 samcl.}s which \.o·~ re suspected fo r t he pr ese nce 

of or~anic ~?tter. 
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2. Guo'Of,J 

2.1 Gt::nt:rrl 

Th ~~in ~~hio i~n Rift v'll~y ig a hu~c gr nhen whi ch 

ir occupiud ~y volc~no t~ctonic lAk~s . It is ch~ r ~c toris~d by 

nor m 1 , f,tep faul ts 'lrron~uri in r n t;nccl'lclon s tyle wi h 8 

ro n r al I'YE-S~\'I tre nd C"ohr , 1967). Its floor i s ma rked hy • 

pc r s i £to nt l;c l t of intll nac, f r L:.Gh f aultl n p: wh i cb bas b ee n t e r mo d 

bv T10hr ."'!l '.fonji Frtul t 'Pcl t ('!l'ip; . 2) which i o s upoosod to be 

~xinl to t c rift oyr O~. I t extends f r om tho northern shor es 

of J',ke J.tlDyn nor thu 'wt wp r dr. i nto the /,Cfl. r De press i on a nd is 

tr~cunl1 fo r 1100 J(r'!s nlon~ tht.! ~t;" i opi· n Ri f t system. The 

bt.;lt is formed of short nor !1lpl frlUlts of s r1all throw \.bie h 

i s 'Jost frequently un to the HUS nnd is chp r actcri7: cd by a 

l inE. of <:u.tcrnary pqntulleritic (silicic ) vol c@ Does s u ch 86 

/.luto , Chnbi , Sholl!=! , F'lntr-lc , Bassett i Gudl1 etc. ".rhich h l3 vc 

tJxtrudcd hot h 1 :w~s ~T1d i~11i Jt,ritcs (f'1oh r, 1<)60 , 1967 ) . 

Tho G .. llr l~kcs sect i on of tho) m:l in Etl... i opi pn nif t lies 

ab·)ut 150 F"!IS dut si)uth of A.J. [' nd contrins f our I F' r ge l akes , 

~s in~ic~t d on (Fig. 1). Ink S I anr.nno ~nd Zwpy l i e Aga ins t 

the upst rn n"rgin of t;h( rift, whilf:t 1 kl:s A'hyn t p and Sh pl l a 

lie furtho..:r .... ·'.2zt in the in r ior of t}'ll,.; r ift . 

J'lc\;~tri ne dcnonitR contF'jnin~ shelly l~ye rs we r e fi r s 

dif'cov..;rud qlong tbc 'tIulhlo r iv r by CU l!IB D (1CX>2) f r om '""hich 

l~tlJ r rpci '1<jlLO) t::x3mi n.,d :t collection of mollusca ~Tld noted 

s ~alenrctic ~ffinitics of th f~uDr • 
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Mohr (1 0 62 , 1966) 0150 r~cornis~d two groups of rift 

floor r.odi·,ant s fln~ suggLst~d th~t in the late me r tia r y the 

G:111<! lrkoJ5 bFlsin ~'lR.S continuous witt th(;: A\ .... Assa ",nd j.bayn 

besins to t}-le south anci \'lith the A'I:n::;h drflinage to the north. 

In this urotorift troup)' , fint: Rrrino<::d '. Dtcr lRid tuffs pnd 

ru"ic~ rece wore deposited. f.ccordin~T to r10hr the.; bpsin 

topography must hr've flssumcd ~.) mor.t its present fori1 ny the 

If"tc Pleistocene nnr. the su"h~~q\lunt perio(~ of 11"r l7,e scal e 

flooding identified by 1'li150n 11m; hil"'l h<lS been resDonsiblc 

for thL! Rli10St undisturt'cd Incuctrinc s(;di:nents ",nti shor e 

lin~s tiourroundinr th.:: GRllp lakes. 

Tht: olc;l~r lacustrine sudi!"l'~nts of the rift floo r a r e 

r~l .. tivcly sE:vcrely tilt~d <:'ncl \'lArned by t.::lctonic process~s. 

Thu younger s~di ·lo,:;n1:5 fire p.:E;nldrRlly unconsolidC'tcd g r ey gravels 

wpich arc loc.?li~ed in their accurrt:nCE! p'1rticulF r ly to thick 

developments nlong Holocont: hi.!/"'ch levels. 

Th('~ l.dami Tulu .:'rep is 'i thj n the:; G:'!lle l."kes b,"'sin 

'CllJinly l.ctween tha Z\"Dy- V"'nf\F,nO hrsin. The rifltor.'Jite bea ring 

l~custrinc Bedi:lle[lt:s were l.;:id down in plate QUF.tc r nc:-ry 

anc~str~l ]~kc (Grove nnd Gouidc, 1071 ; ~eze , 1975). The 

L~n! "lno-Z'w~y hrsin \o.'f,,s fevelo~0d find occu"Ji d ry the <'Incestral 

G-"llf> l<'ke before volcanisM com"cnc~d nt Aluto volcpnic center 

(!TNDP , 1°73) •• thick ql,.cdir;pnt:lry sequnnce WAS deposited in 

th:· basin. '.lhcrld expor-ed , the R .dirncnts nro dominAntly fine 

grnint..:d tuffs, sPlndstOI'ldj nnd puoice pnd rhyolitic Ilr"lvcls. 

Co.~rse nu· ... ic0 r:rtjccia a"'/J int{;rbedded with tbem. 
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Old h0f\ch dun-...:s occur f1S ridp;cs on th~~ west of Aluto find 

w...:rc fOT!"lcd during the shrinkllYc of tho aDcestrDl Gpll? Ipkes. 

Th8S(j ridpes ltThich ml' rk the Holocont.: l~YE; 1 v~ls fire well 

~r;~0rved PS grpv~l hcach rid~cs nepr the shor0s o~ lakes 

The lecustrine s~dimcnts of the GFll13 lak,:;:s h~)vt'! hee n 

dnted by Gouide end ~rovo (1971) in their study of pleisto-

cenc-Ho'ocene history of the Galle lAkes. They d~tcd gas­

troDod shells by C- 14 rocthod frow different l~vcls Rbove Ipko 

sha] Ip ~.nd ohtc:lin.)d an F.lj;C of 9220:!: 100 yrs H.P. and 

5610 ± 100 yrs R.P. I.nother DfZ;(;: dptinr ,,'h ich is more or less 

fr,")r;'l the sh~ll l<lyers of the study r Cb ion LlloDET the Bull1ula 

riv\~r is deter"!1iDCd by Gczu (1<::75). R drtnd scdiDents below 

end :1bovlJ di: to"lACeOl1s 5edir.1cntr; nenr tho; ~\11bul11 river and 

obtein"d ';360 ~ 210 n,.p. ,'nd 4960 ~ 140 F.r. for tho last 

l''1custrinc ptJriod. ~ased on these d"tc;s Gaze 5UF,gested aD 

age of 10,000 yrs for the beginninG of tho main IFcustrine 

phpsc.: ~1hich C<'1me to A. cloG(; :lr"unc. 5000 yrs ngo. 
i 

It b .... s been proved (by Grove "od Gouiae and by'fTohr) 

th't the brsin of Iflkt:s ShFlr: , Lnngnno, AbYf'ta nnd zway formed 

a sinBle lnke. The ~Dplysis of dirto~ flor~ frOM these Ipkes 

hGlped D'ucb in revenl in~ th\~ continuous n ,<'!ture of these lakes 

during the Holoc~nc. Obscrvrtion of strpndl incs end ~Jrnllcl 

shore lines \·.'bich nrc vi~iblc both on tr.c field pnd on ~ir 

pbotogli.phs Rne' 5<'tclite im"'f"cri1.:s (Grove "nd Gouide , 1975) 

w(:r(.:; vvry helpful in dr winr- these conclusions. 
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2 . 2 Str,'1ti("'r~ph:v I"nd Ljtholofl,Y 

'T'h.J fluviolRcl!strin.J deposits {!I.;Tlcrally covoJ r l~rE"e 

part of the r-rcC' ~nd in ~o5t pIpe!>!:; "' TO Qvc r l[!in by r ecent 

Jlluvial d~posjts csn~ciplly Pt the foot of the hi l ls. The 

c(:llt r nl .'1nd south pstern p,'rt i;; df">minflteci by volcf!: nic bil lfl 

Ilnd domoJs Ruch A.S Belich" , S id n find DodichH (Fig. ~) . These 

volc<1nic hills ('Ire COM';"'loso::d of rhyolitic pr oducts , obsid i r1 n 

flows nnd iJ'lp:iT:1br"i t0S. The nor thern, central finO. southL. rn 

pnr t of thl.; a r (:1'l. :1r0 effectt:d by [.quIts whost.: tre nd s VAry 

frotl NB - SE (see !nap). 

On the besis of the works of l'!'DP (1976) , Knoth (1981) 

Jnd this Rtudy , th0 str~tigrrphy of the r~f.ion comprises 

the follovli ng ; -

f~lluviurn 

porphyritic Obsidi~n 

Uppur Lacustrine SwquGncc 

Pu~icuous Pyroclastics 

Rasf1lt Tuff 

LOW0r Lacustrine :Sc'1U,~nC0 

Rast'lt 

Holoce ne 

PlfJistoc~ nc: 

It [0] 10., .. 5 frol!l th~ f;trptif<r~phy th"t the lncustrine 

dcposi ts of the r-.::gion 'helonf into t\>'o s-.!quenccs . Lowe r 

Lacustrine "nd Uppe r LDcustrinc. Litholor,ics of both 

s..:quences ~_'rC' l:"lr$:"ely dOTl in"'t..:d by vol c~nic !Dl'teri l1l nnd 

r~nBc fro~ co~rsc gr~vels to fin~ s il ts end ash~s and ?r~ 

di.:cribcd beloH se;:>!'lrt-.!ly for both sequences. 
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2.2.1 Lithology of LO"'er Sequence 

The LOHo.;r LE'Cllstrine d .... por:its occur in tho arer> where 

tho diffcr~nt localities are uplifted by fAults which are 

rel?ted mainly to the \Jest Lr:mgc;:Do Fault . These pr o 6tnerally 

ridge forming localities such as Dodicha, Sedcha , betwee n 

Kiki and Bclicba and in the slopes of hills f8c ing the 

Lekr:>Dshll plrJins (Fig. 3). None of them pre seen to be found 

al on~ r ecent v811eys Dnct arc restricted ma i nly in the central 

PDd northern part of t h e study area. As a re sult of poor 

exposure the number of litholori es ond sect ions studied ar e 

limit(:d although a ttempt has been done to look for thicker 

sections. 

The depos i ts belonring to tho sequence are affected by 

faults and the effect of these are seen in many of the litho­

types. They nre fr~ctured, sonct i mcs coopActed ~nd sJigbtly 

\'/clded althougb it i s 11150 possible to observe relativey UD­

aff~cted deposits. TheRe , r e ~cner81ly ashes and some lAyers 

of diRto~itc. ~hc structur~l rel~tionshi p of t hase depos its 

is compl icated due to fF!ultine;s nnd occompfln:ving later 

eruptions . Cflrcful observation of the deposits espec i nlly 

associated with the dintor.J i te layers of the sequence hes r e ­

vealed the id~ntification of PC ~sh laye r which could be used 

os F. L'lprkt::r bed for corrt::lfltinf1; the different studied sections 

m'1inly thoce in the centrE'.l "od in the norther n part of the 

nrt:'D.. For occurrences in the ct;otr3l 50utbcrn p2-rt of the 

area, the bas81tic tuff of tht: loc~lit;y 39 , 40 , 41 , 29 and 56 

tOf,(;thur \.rith a 10 eM sand lrWf:T' which gCDIJrf'lly seems to lie 

1"l.l\"flYs belo\oj the tuff ll'.yur th~t immediately comes p,bovc the 

dictomite of the sequance is us~d as a mArker horizon. 
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Th·~s€: t"lO and strptir;rf'phic observRtion in locality 41 

pnd 56 \'lere useful in constructinF; the strfltigrp.phic relation­

shio of the exposed pqrts of thu sequence. D~scribtion ~Dd 

corrclf·tion of the cliffe r c nt scction.s <'r~ orcscnted in Figs 

5 .<Jnd 6 r e:spectively. 

Exposurer: of the senuence in t he northern extrem of the 

arOD is very small . They Rrc found along the slope of Sedecho 

hill on a downthro\lm side of i"l. fnul t flnd the T"lcDsuT'ed thick­

n~sz is only about 2r'lts. Th~y ore generally covered by pyro­

clrst ic breccia thflt covered tho s lope of the hills above 

them. The ,size of the cobbles in the pyroclastic breccia 

exceeds l1o~tly 50Cm ~nd aro.;l D0arly r ounded . 

In the central south~rn part of the area, these deposits 

a r e L. xpos .-:d around the !ilrrgins of 8 volcanic crater. The " 

measured thickness of the seqtwnce in this locC'lity i s 7mts . 

They 8re highly faulted t:!speciRlly the di~tomitc is f r actured 

into small blocks. The b3sflltic tuff covering them must hr:l,ve 

been erupted fro!ll. th~ cr[tter (Vnoth, 1981). 

~he Maximum thickness (/Jcre: thl3n 15rnts), obser ved for 

tb~ sequence is in the centr31 part of tb~ arba. It is 

exposed Along a l a r e;o:;: hill \'!here '1t its foot represents pro­

b~.bly the northern t1<'lrgin of thC' orev ious volc'1I1ic crate r and 

the stratigraphy for the LO"'cr Sequence is established ber~. 

Tht: Lo. 'e r SequencE> compric"';!3 of Ii thol ogics sucb as sil t, 

(lsh, dil'torni tc, spnd, "nd Rsh Fnd tuff of v<>riablc thickness. 

Thu litholof;ic dvscripticJn for tbtJs...; lithotypes i s given 

below. 
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2.2.1.1. Sends 

Thuse a r e among the ninor lithotypes of the sequence and 

rcprc~cnt ne? r ly 9% of the scqu2ncu. They v~ry in colour 

fro;;} gr?yish white especiAll;y f't thiJ bottom to pinkish gray 

nnd ,.;xpos.ed at the foot of the Dodicha and Sido in the ce ntral 

pnrt of the a r ea. The sands consist of silts upto 40% espe ­

cially <'It the bese, and sRnds i"rol'!l the up-pe r pf·rt of the 

scqu~ncc is pr act i cally free of s i lt sized grpins. The thick­

ness of some beds in tho sFlnds is in th£ rf1D@;t! of 10Cn to 60cr.l. 

Th~y are commonly unconsol i dnted and weakly bedded. 

Composition 

r~ost of tho constituents arc purdce 9nd volcpnic glass. 

Lithic cll:lsts, feldspArs - predo!:1inRntly plof-ioclase fe l dspflrs 

quo.rtz, cbl; r t vr i th vcrious sh"des of gre03D , dCl r k green , brown ish 

ycllm" (which could be rolrttJd to the degree of oxidAtion 

statu of iron prese nt R.S impuriti~s) (:Ire the common c omponents 

in most sanples~ M8gnctitcs nnd hornbl~ndes essentially for o 

tht:: ho;:;['.vy minornl portion in th\Js~ s.!:!nds. Th~ volcEtnic glass 

is curved pnd flpt in r.cxturc, little p.ffccted by wC('lthering 

nnd occasionally cont~ i D bubbl...:s. The lithics p'1rt consists 

of obs i dirrn, andcsite( ? ) pnc scoraa. Thu pl~gioclase grpins 

art: seen with their distinct cllHwr-go most of the time , 

[11 thnugh the other v.:1ricties ~roJ n')t uncOrl(!Jon. C~rbonf'tc 

concretions ~nd iron oxides mostly limonite occur in so~e 

sF'mples (42~\) 



TABlE .1. , Description of litho logy and Grain Size Distr ibutions of l owe r Sequence 

Salfl) I e Thlck- ""an % % % % Textu r a I 
No . Li thol ogy ness Col our 51 ze 0 Grave l Sand Silt CI ay Nomenclature 

O4 - C Sand 0 . 5 Br ownish g r ey 2 .93 8 . 04 57. 27 28 .46 4. 08 Gr avo lly s il t y mod. 
sand 

04- 0 Sand 0 . 2 Grey 2.16 4.31 8 1. 49 10 . 65 2 .37 Slightly )rave 1l y s l tty 
f i nf Sl1nd 

42- 1" Sand 0 . 6 Yc l l()o.'ish g rey 4 . 73 58 . 08 27. 15 14 . 8 1 Silty sand .. 
04- F Clayey 51 I t v . 2 Grey 5 . 33 86 . 3 17 . 7 :i i 11 

t 1- : 51 It 0 . 2 Yell():ofl'i~h \'Ihit~ 7 .03 70 . 76 29 . 24 $11 

42-L It 1.8 Li ght yello.., 5.03 84.35 15.65 It 

Se-! Clayey 5; It 0 . ' Y8!low 6.3l 70.94 n.te:. It 
I , 

04-~ ;)i atOM; t e 2.9 Vellowis:L whit-e 7.Se 0.8 J ,1,93 '51 . 27 34 . 36 Ightly ~ravt'lly sundy 
~ud 

04- [ Jldta"ite 0.7 Yello--.ish '"hite 7.16 75.36 24 .64 <::'i It 

40-' '1i atar'll t e 2 . 75 Yellowish white 7 . 5 58 . 7S 4 I .?': 'Io;Jd 

4 1-C 'ii atom; te 5 . 0 i nKi sh ye I r~-.\'I (.26 79 . 48 20 . 52: <: i It 

4\ - [ ,Ii atom! te 0.5 DarK qrey 7 . I 3 71 . 3 28 . 7 . i It 

58- 8 Oia t or.'lite II .0 Yellcl'Jish white 7 . 56 65 . 73 34 . 27 Mud 

41 - F A~,h 0 . 0£1 Da r k grey 5 . 3t 97. 29 2.71 Fi ne ash 

42 - f) Ash 3 Light ye l IQ\o.i!-,h 2.53 12. 19 49 .02 33 . 06 2 . ~o ";;oarse ash 
grey 

58- ' Tuff 
0 

0.02 riark grey 0.66 76.64 23 . 36 F[ne ash 

, 
, 

'-, 

~ 

" »--
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2 . 2.1.2 Silts 

Gil ts in ~e ncrol C're rc:prcscntcd Elt the bottor!'! .?nd in 

the middle p~rt of t he sect i ons for the sequence. They con­

st i tute r oughly 19% of the str Rtigr nphic ~ections of the 

L'.Y'cr Sequ0nce. The colour of the nilts vflrius from gr?yish 

white to l i ght groy, yellowish gr~y pnd lifht yellow throu~h­

out the Nhole sequenc e .. In thickoL.sS inct ividu~ l beds rF.lnge 

from 25cm to 1 .. 6 Ht. Lnt eral variRt i on of these s il ts i s not 

0vid<.:nt due to their occurrence in few locBlities. 

These cil ts larr"uly ;'1r~ fine to C02 rs~ silt. They ar e 

thinly bedd<;::d and Ip":linFlt....:d. IT'he individuI11 IElminac in eRch 

bed v,o:. ri es bet 'Jleen r rrl"l to 1mn in thickness C'md .!Ire r elatively 

consol i dptt:d. Somi) inclusions of pumice clasts pre ohse rved 

aloof their beddinF, planes ~nd the different beds pr e sepRr Rted 

by v~ry sm?ll irrcgulnr nroj~ctions of the individu?l uppe r 

lilI71inR€ which produc ed depr ess i ons in the lower or underlying 

1.'=t'-'in ,'I<.: of snme lithology (pl<ltO 2). This i s esnecially in 

th~ gr~yish v~riGty of the bottOM 5~c tions. 

Tho pi ddle lpyer of silts which i s nor .; yellowi sh white 

thnn the lO\-fCr lflyer is fllso budded nnd rcl..,t i vely cnnsoli­

dfltod into siltstone. I t is clpY0Y liMonitic, thin ly bedded 

with ~ud c r~cks ~t i ts top (plptc 3) , p.pd ~r~des verticnlly 

into the oV0rlying viato:ite. 

ThE; s i lts <'t t he top of tho sequcnct; i s YIJllowish white 

in colour , thinly bedded [:Ind individual buds rpnge f r oI;! 2 to 

3mn. Bvdding Al tcrnfltes between yello\of rnd Yclllowish whitt.: 

~nd l i~ht br o· ni sh colours. Diccontinuous or g?nic matte r 
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lenses also m~rk th0 beginning of th in beds ~nd ar e only 

ob5~rved i n th is l?yer ~nd not f lund in the silts of the 

~ottom section . 

CO'llposition 

The silts of the LO" 'er Sequ.:mce gen';r'J.lly a r e clnyey 

'1nd the percentAge of clay v"ries f r om 15- 30%. Invest i gnt ion 

und~r the binocul?r micr oscope showed t hf1t punice, volcAnic 

~lnss , plngioclasc f e:ldsp'1rn, lithics of obsid i PD, find hflsnlt , 

1 i ·'oni te [lnd oU[l r tz com"ti tute the l!lRjor niner ?lof"ical c ompo­

sition of r.J.ost silts i n thnt order . Hornbl e nde , b i otite Emd 

Rpatit(;: (?) ar c anong the ninor constituents present l'S heavy 

mine r als. The volc?nic ~l ?ss is flnt, elong?t cd p nd i s r e ­

l?tively f r e sh .. The pUT'licc ClflStS a r c fibrous ? nd tubul or 

i n structure .. 



TABLE st. ~osltlonttl CII"racTerlstic5 of ". tOOl~r ~Que ... ce D<lpOS I t~ 

• S~le ""', fr&Ql"ent Hea~ "'Inerat~ '0. lIthotor.l: P, V. r.. .,. f'. F 0 01" .. Ry Scor F .0)( Ch Pxn 14;) Hb 81 Hf 
Q4- C Sand , , 0 C " 

, , 0 0 C , , , 2.5 "'-0 Sand , , C 0 , , , , , C 0.3 
4Z- A Sand , , C 0 " , C , , , 0.00 
04-6 Oi crtOll'li to C , , l " , , , , 0.5 04-' Ot atOlC'I te , F F " , 0 N.D. 

'0-' oiatomi .(' C f 0 , , N.D. 
41 - C oi a10''- 'e C C r F 0 N. D. 
41-E DlaTOOlitt· F , 0 0 N.O. 
'0-8 Vi atOl"'i to F , , , J N.D. 
OH 51 If , , p c r , , , , C N.CI. 
41 - 6 Silt , C C c , F R C , C N.D. 
42- f i It , R , R 0 , C '.0 
58- C S, F C , F , , 0 , C N.D. 
4 f- F "'" 

, , R C R 0 0 0 C , R N.D. 
42-0 Mo ,. A " , , f C , , R 0 0. 00 
,0-, Tuff , , , C , 0 R R C C C R N.D . 
29- P 6. T<,;tf , , C N.D. 

T 
~ 
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ThcS0 lithotypes form 38% of the sequence. They comoonly 

occur ?long th..:.- slopes of the recent volcfloic doJ:'lt.s such flS 

Siti8 and Sedcch.n Clnd in the marfrins of Belichn volcAnic 

c r At er (Fig 4). They pre mostly yellowish white in colour 

and lorgely Are constituted of silt sized (51 - 78%) and ClAY 

s ized (20- 40%) mAt eriAls. Texturally, they ar e c lassified , 
os fl il t in Illost cases And Cl6 muddy in f e w CflSCS (Folk, 1968). 

In most pl Cl ces they Rre cover~d by the tuffs of the sequence 

~nd arc weakly bedded. 

The thickness of inrlividuAl beds of dip-tomitcs r enges 

between 80em and 6J:'lt Dnd the ~aximuM thickness is found in a 

block Nhic h h :'l s been uplifted by the West Langono Fault Fip; 4. 

They ~re affected by faultin~ to n vari abl e degree. Those 

:in: .Gc.:decha, Belicha and Dodich " Rr e oore or l es s equAlly 

affected be ing intensively faulted, frectured into smnll 

blocks Cl: nd Hr t) relativel y coc'pact. 

COt:1position 

Thcs~ pre extremely fine grained ~nd COArser frncti ons 

Rr e not ~vail abl e for ohscrvptioD under binoculrr. However 

from the coarser nilt fr6cti~ns , qu~ rt z , reldsp~rs f iDe 

gr? in~d glass chert and fossil diptoms were identified to 

constitute ~ost of the di~ tomites. The glpss and feldspArs 

Cl r e altered to ch a lky ID[terial to a ce rtl'lin extent. Pnlike 

the di tomite s of th e' Uppor GcqUGDCe , thcy do not contain 

any shells of gastropod s rnd pelecypods. 
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The rt:,:Slllt of chemic"l FIDE lysis of 28 sATl'Jples I'lftcr 

I'nnth (1981) i s given in t<'blc 3. Th1SC diatomites "lre 

ch'1.r"",cterizcd by higher 8i0
2 

percentpgcs. The 8YCrllge of 

28 sempl es is 87.5%. 

ar e 4.14 pnd 2 . 06 respectively. 

2.2.1 .4 fishes a nd Tuffs 

The a shes f1nd tuffs of the LO v1(;l r Sequence generally r e ­

present 30% of the stratigraphic colurlD of the sequence. Two 

ash€ls and t"v1O tuffs hAVQ been identified in the sequence and 

tb~ nshes nrc dominrnt over the tuffs (2 :1 in proporition). 

The ~shes are 3~ts rnd ~ts thick and occur AS inter­

call;:>tLms botHean the 5i] ts <'lnd or silts Rnd di~tornitcs 

oftuD cnusing impurity in both lithotypes . The colour of 

thvsG~shes is diff0rcnt, the thicker hoing gr ayish white ~nd 

the thinner dprk olivG grRY. Tho;! dprk olive grAy colour is 

v;)ry distinctive, for tho <'tsb which mpde it possi ble to be 

uS8d ~s 8 ~~rkcr bed for corrcl~tine suct ions of the sequence. 

The d:-rk oliV<J gA ry nsh is ident ifi 'd in the central 

(Dodicha) <1nd in the r,orthcrn pprt of tho area usuC'llly being 

interbedded in the di atoMite of the sequence. Its contact 

both cbove and below is rogul~r with the diDto~ite. It 

occurs persistently throu~hout tho sections of the sequence. 

The M~ximuo recor~~d thickness is 50cM but it is mor e often 

~uch thinner mostly being 15c~ on t~e overuge. It is esse n­

tially loose fine ~sh, completely unconsolidFted, and i s 

epPRr ontly well sorted. 
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The zecond Clsh layer is tht,; three !;:t;ter thick graysh 

whi te p,sh vJhicb i s intcrheddcd within +-be silts at the bottom 

of the stretigraphic column for the sequence (Fig 5). It 

is reprG~cnted in th~ sections of thu centr al p?rt (Dodicba) 

of the :=trea. 

It is we~thcfed to yellowish roat~ ri al , se~iconsolidRted , 

dO~1inently cOl"J}'osed of pumice hEwing Cl maximum size of amm. 

It shows poor norm~l Grf'ding although tbl.. @:~ncral distribution 

of the ~rains scc@s to be irrcgulp r . 

CO!'1position 

Th~ dc:: rk ol iv", gray fish consiRts of fint] pumice Rud 

obsid ian chips, volcanic glass, fc\'/ Ii tb; cs and cryst.9.1s. 

Pu~icv end colour10ss volcnnic glass constituc the larg~st 

portion. The mor phology of the glass shf' rds vf'try frot:} platy 

to slightly curvtJd sick(,) - likt.!, often the plElty types be ing 

cor.1inpJ'lt ovo r the latter. 

ThiJ white gr eyish t'lsh is conpoE'ed of pumice gra ins , flat 

cllong[ltt:::d, fibrous lik~ nnd r~lptivcly fresh rlass , feldspArs , 

chl...rt (with yel l owish and broHnish tint) cmd cl2sts of obsi­

dian in tbe order of ct!crt.'psinr,- r.bttndance. PlpFioclase fclds­

sp."'rs pre dOJ:'linpnt ove:r sEl.nidin\,,;s. Tbl; pur'lice p:r1:lins arc of 

two types one is grflyisb ~lhi te in colour, tubular And is the 

domimmt type 'while th~ other i s yellowish pnd a bit curved. 
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Tuff 

Two mOlTI tuff horizons occur in th~ suqu' nee usually 

r~stinr, on thQ diptooit~s. 3tr~tirr~phically , they arc 

r .:prl!.:;,;ntcd Dt tpe top pR.rt of th~ scqu-::nco. The first 

tuff horizonlis lipht ye 11 a ..... in c olour pnd r. gulflrly fouTld in 

.'llTJ.oEt ell sections of th~ JJo\Vu r SuqulJncc. This tuff is 

int0nsiv~ly faulted Bnd At places highly fractured into soal1 

blocks . 

ThL! second tuff is the bElspltic tuff which i s greenish 
blflck in colour occuring in all tho ar eas where the Lower , 
Sogu..,.;ncc is exposed, rcpresunts g(.lncrfllly the top p::Irts of' 
thl,,; s~ctions. 

Tb~ tbickn0ss of the tuff is bi~hly v?riable from loca-

lity to locality thickening nar kcdly from topogrephic highs 

into topogr2phicfllly lower plC'ccs ..... ithin short dist pDces. 

This is Gspec iplly true in the c~ntral prrt at locplities 

39,lIO,,::md 42 "'lherc its thickness decreases from 3 mts to 80cm 

ltlithin p r:listp nce of about 100ots. The mflximuM thickness 

i1'l, P'sur,-,d ~t 13cl icha is 5f11ts . 

Tbi~ tuff is CO fl rsc grnin8d rich in lithic clasts of 

vr>ri"'blo sizes.. The siza of tha lithic clasts varies fron 

2c"'l to 11cfT!. ~1 eencr?l decr~ese in the size and abundAnce 

of the lithic clasts 1S observed from north to the south 

find ~ast dir 8ction. It is bcDerally Massive in the centr81 

part PDC. iJxhibits 10vl pngle cross- bedding locally. Continuous 

bCddinf. of this deposit i s observed in the north eAstern part , 

And in th0 eDst~rn pnrt , the hods hccoMe thinn~r and arc ~ 

i •. _'0 .. - .... 
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dn~in~t~d hy fin0 gra ined t~xture of individu~l ~r?ins. In 

tho northern pBrt buds are thick~r with thu cross- str~tifica_ 

tion dippin[ dovmhill to the south west. The individual 

hJclR cont<"in vpriablu alDounts of cl:'sts of ignirnbritl.:: , basFllt 

end ob.sidian and the I Fltte r two are do~inpnt both in size 

ppr" pbundc:nce. 

The f2tturo~ shown by this tuff in ~ostly similar to 

th?t of hese surc.:c deposits - i .a. th..; sl'!mll sC,!'Ilc cross­

bt:dding , varic.ble thickness followinp the to-gography <"'od the 

thin continuous b~ds espec i ally in th~ north e~stcrn pprt 

closely resembles thpt of base surge deposits (Fisher and 

Crol.!C, 1972) FInd h2nce this tuff is int~rpr\Jted as a base 

surflc deposit G 

C~)T":position 

Obscrv2tion under .,icr oscope shoped mRrk..::d differences 

in th0 co~rlPosi tioD of thescl tuffs. The light yellow tuff is 

18rgcly const ituted of punice and Volcanic glpss. I t is 

toxtur.::lly distinctive, consisting of yelloN FlnC! vcsiculpr , 

or gruy .:md non- vosiculr:r pULl ice • Lithic ClRsts art.: sparse 

rnd foldDp~ r phenocrysts ~re uncoomon both as free crystels 

Rnn. in puniccs. The volcani c g-lnss includes bubble forns 

tor thcr "ith cuspate sh.ords. (FiresoD, 1915). 

Th~ bRsclt ic tuff is 8 crystal tuff conposed lprgaly 

of' fino to r:ediu;:} graint2!d cryst<.'ls of plogi oclflsd and 

01ivine. The olivine is iddin~sitized Rnd is Bubordinate 

to pll?gioclf'!se (labradorite) crystcls. Lithic fr2gr.lcnts of 

b~zic VOlcanics with phenocrysts of nl?~ioclRses and olivine 

arv preSGnt in snaIl amount. The IDPtrix consists of crypto­

crystflllin", crystp..ls of plDr,ioclast: (:n~ 
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2.2 e2 . Lithology of Upper Sequence 

Thl: UpPtO::r Lflcllstrino deposits in ~en..:"! ral form 62# of the 

whol~ str~tigrp.phic succession for the study ar ea. Th~y occur 

~~ inly in the western , southern , centr?l ~nd eastern corner 

of the study area. The thickness of the sequence VariJ5 fro~ 

luss t han 4P'!ts in the centr al part to about 16r!lts in J~belosa 

IVAdi (Fig 2)0 Evcnthough all lithotypes are not s~cn to be 

r')prcscntcd i n single sections , the major lithotype s ar e re-

pre~0n~ud in most of the studied sections. 

Th~ sequence is ~xposed mR inly in dry valleys and plong 

thu svnsonal strc8ms feeding Bulbula river. This nakes thorn 

GPsy for stud ing and hence many sect i ons were studied froo 

this scqu~nce 0 !'-tost studil~d sections ~re found in the soutbern 

~nd in t he southwestern pArt ~nd ~re poorly repre sented in 

tho ~pstLrn part. The thicknesses of the sections are very 

s~a ll in th i s pRrt of the ar ea owing to the absence of rivers 

or s troams thnt could cut or fODm gorges deep enough to expose 

t he dL'posi ts. Fi ~s. 7 ond 8 repr~sl!nt the descri btions of 

s;.:lvctt)d suctions Pond corr el<'lt i on of diffe r ant sections 

r-.;spuct ivcly. 

Correlation hetwecn sections \'Jas r e lrtively easy as COTl'l ­

ppriJd to thClt of' the Lovrer Sequence I since the deposits are 

un8ff 0ctC'd by recent ff'ul ting. The correlat i on betvleen the 

diff.. .. rC'nt sections \tJ~s e idcd by (1) the occurence of shelly 

gr~v<:.:ls t hat frequently COPl;} b~l()\'1 the diatocitc mainly in 

tht upper part , (2) colour Rnd cherRctur of puoi ce pebbles 

in curatian gravels , (3) syste~fltic 0bscrvat i on of the ~" 
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F'9 t ... CORRELnlON OF SElECn:o SELECTED STIt"'T~I'I4"",C 
$[CTlON! OF TH[ UPPER nOU[HU. 

, . 
• • 

SC A l I: 

o C __ -'-___ ....;t 

• • 0 , 
Q D 

o Q 

• 
" • • 

• ' .. 
" 

, 



T 

- "'4_ 

"I,.V .. COiltltllATIONO' 'ILICTI[O I1'IIIIo" ..... 'HI( IICT ION, 0' THI: 
U""I '!Qur.cl . 

.. • , . 
· . . - . 
• .. .. .. • · .. 

It ". " .. ,; ... .. .. .. .. .. 
" .... . 
...... > 

, 
. ., .. :.-. " ... • 

, , .o 

,. 

o 
• e ... 1..1 , 

• .o.o •• 
, .o' / 

/ 
•• · .. • • 

frul 
: ::1 " 

rtr 
Jl fil 

.... ·:.;:0 ......... .. -. ,. , . 
.o ..... , .... ~ 
p" ,-
0'. : ~....; 

~D~ 0" 
• D ... II 

v .... " 
• .. <? <3 • • 

- . --''"'': . 
· . - .. - .-

-. -0 
-~ . .. 

.. . , . 
, .o.o 

.. . '. 
'" 

, 
I 

I 

I 
I 

/ 
I 

I ! 

I I 

"D" .. 
... It .. .. , 
'" '" .... 
'" " " ". ' .. ..... 
'" .. "' .. ....... 
~ ..... ..... .. .. ... .. 
".o ..... 
~:-; ....... 

• ... r ...... 
... o . .. ., .. .. " .. 

'" .. r .. .. . ~ .. .. ...... 

.. 



T 

7 

- 35-

st r at i graphic pos i t i ons of certain layers l~tcrally , and 

(u) the occurence of paloosols (or organic layers). From 

the differ ent corre l p,ted sections it is possi ble t o COD­

clude that the exposed sequ~ nc e in total ity 0xceeds 28 ~ts 

of flavio- l ncustrinc and interbedded pyroclastic depos its. 

The Upper Lacustrine Sequenc e cOMprises unconso lidated 

to sG~i -c onsolidated gravels , sAnd s , s i lts , ashes p. nd dia­

tODit~s o These lithotypes show different lithologic~l 

ch~ rE'.cte rs ~ Quick v<'I rip.ti on of chfl r ecter s such ?s colour , 

t exture , sed i Ment ary structure (bedding) , Rnd sorting i s .­

frequent l y obse rved in the fi eld both laterally and verti­

callYe Th~ oain l ateral variation is observed in gr avels . 

nnd diatomites which grade into sands or silts pnd diatooa­

ceous ash r espectively. 

G~nerally these sodiments show sedimentary structures 

such a s massive bedding, lamiDfltioD , gr Ad inEZ: (both nor l!la l 

?nd r 0vcrse) at l arge ADd I OEid CAsts, r:JUd cracks pnd cross­

str at ificAtions t o a lesser ext~ nt. The gr~ded bBdd ing and 

cross- st r ?tific8tion <'I r e obser ved in the cORrser varieties . 

The re l ~ tionship betwee n th~ underlying and overl ying 

sedinents i s r egul r r, i.e . contact i s hori zontal. The 

contnc t between the co~rser lithotypes such: as grp.vels and 

sands and a lso betwee n snnds and silts is s~oetiocs grAda­

tional. Infact Most of th~ beddings in the coarser frac ­

tions ar e initi3ted due to chpnge in colour and s i ze of 

P.1~te ri als ~ 
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T'lost of the s ed i me nts of scqut..:!nce , s i rn il'U' to t hose 

of the LmV'er seauence deposits 1r e oonindurpted to scmi­

indurated e xcept in rare cases wh~ re some of grpvcls show 

r elnt i vely stronger consolidnt i on. 

2 . 2 . 2 . 1 Grave ls 

These lithotypes lar r,ely occupy the str~tigrephic 

column of the Uppe r Sequence const i tuting mainly about 48~ 

of it. They occur at a l nost all localities studidd both as 

l1 inor inte rbeds and as important l Ayers belQlo; and flbove 

diatoMites (Fig. 7) . Althougb th ey occur in fl l .,ost all sec­

tions of the.studied a r ea includ ing the cRstern part , the 

l~rg~r nu~b~r of gravel layers dominantly occur in the south 

a:ld SQuthvl€ste rn part. 

They vary in colour f r om the nore common gray to brownish 

gr1Y, yellowish, gr eeni sh ye llow fi nd yellowish brown . The 

thickno f..3 of these gr avels i .. 11 highly vRr i able rflnging from 

6cm for the Minor inte rbedn to 2mts f or individua l beds in 

outc rop. Lpteral vari~tion of thicknesses within beds i s 

not regular. Hm·wver, there i s a general trend f or indivi­

dUfll grav~ l layers to incre~se in thickness to the southwest 

direction. They ~re in gener~l unconsol idAted to poorly 

consolidated and f ew gr8vel l Ryer s ere r elRt i ve ly consolidated . 

Tb~ gravels gener ally display hori zonptal beddin~ and 

ar c usu81ly thick bedded. In ~ost of the cpses bedding 

S , t d . h by chang" l'n the colour or si z~ ~C~S 0 be initi~te t 1t e r w 

of PU~iC00US ru8teriRls. The contDct of most gr ave l l eycrs 

wi th othe r Ii tbotypGs, i npar ticul ;:Jr Hi th di l"ttoni tes i s 



TABLE 4 , Description of Grain Size Distributions of Gravels (Up.S . ) 

Sa~le Thick- Me.n ~ ~ ~ ~ Tp-xtu ra 1 
No. litholoSi: ness Co l our SI ze 0 Gr avel Sand S ilt C 1a:t ~jomcnc I at ure 

03- C Grave I 0.75 Yel l owish grey 1.7 35 . 45 30 . 78 25 .08 3.77 S ilty g ravel 

03-0 Grave l 0 .4 Gray - I .5 86 . 92 5.04 6 .86 0 .34 Grave! 
05- 0 Gr ave I 2 . 0 Gray 1. 66 32 . 53 39 . 9 1 24 .1 6 5 11ty sMdy grave l 

15- 8 
I 

Grave l 0 . 3 Gray - 2 80. 8 14. 82 3.09 I.( I Gravel 
15- 9 2 Gr avel 0.45 Gray 0.23 36.36 44.6 14.7 51 Ity sandy gravol 
15- C Gr avel 0 . 4 Gr eenish yet low 0 . 43 42.85 39.00 13.7 5 0.35 Oito 

15- D Gr avel 0.5 Gray - 2.3 90.11 7.83 1. 89 Gravel 

16- A Grave l 0 . 25 Gray -1. 05 57.86 37 . 94 3 . 04 0.15 Sandy grave I 

16- C Grave I 0 . 73 Gray - 0.3 55 .47 41.63 1.68 Sandy grave I 

16-1 Gra ve l O. I Ya I low i sh gray -0.1 3 30.04 58 . 84 9.7 1 r)ito 

17-A 02 Grave I 0 . 05 Yc I low i sh gray 1.9 43. 2 1 12 . 75 37 . 37 2. 41 Silty g r avel 

17-,1\'04 Gr ave I 0.3 Yellowish gray - 0.23 67. 97 4 . 78 2( . 5 1 1. 08 Sandy :ravel 

J 7- 3 
I 

Grave r 2.0 Yellowish - 0 . 5 87 . 6 1 l. 19 9.4 0 . 59 Gr avi I 

17- 8
2 Gr ave l t .75 YellowiSh - 2 .03 63.84 32.44 2 .7 3 0.36 Sandy grav,.' I 

19- C Gravel 2.5 Gray -1.2 70. 79 19.22 8.63 0 .07 S11ty sandy gravel 

52-A 
I 

Gravel 0 . 15 light gray 0.86 5 1. 07 1657 29.83 0.74 Si Ity qravl:' I 

53-A 
I 

Grav~ i 1.15 Gray -1.53 65-96 29 . 5.:1 3.58 0./0 Si try s~ndy gravel 

54-I=! Gravel 1.6 Ycllowi~h Gray -0.75 80. A6 2.97 12.88 Grave I 

, . 

~ 
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distinct , but within th~ diffe r ent jirrA.vcls ? nd sand beds i t 

is ~ost the time gr?dational~ Poor grpdqtion of s ize is (. 

C0!:)r.1.0n in !!Jost beds . J.pRrt from horiz.onta l bedding and grf' ­

drt i on in size l oad cnsts nr c pres~nt locally in some gravels 

thA.t in~cd i? t~ly overly fine grained sed i ments. Th~ r elief 

of the lo~d casts rnnges from 5cn to 10crn. 

Th0 gravel in locality 17 (Pl ::t tc 5) i s different in cha­

rnct ~rs both in comp?s ition, structuro and t exture th~n nos 

b~ds of these lithotypes. I t i s chp r~c tJrized by l pr~c scale 

pl anAr crOSS- bedding which d i es out A.S l enses in the d i Rtomi-

tes associted with it. Its colour i s brownish yellow. GrRins 

are 0xtrcT1ly r ound Jd , pnd the rJinioum size of p0bbl~s hert." 

is f ine grpnulG , nnd sandy or silty m~ trix i s ei ther f0w or 

not prescl nt . It shows conplete norrla l ['nd inverse grfldntion 

of s i zes r cgularlly with in bods. 

The gravels of the t op s~ction of th~ sequence , especi­

Rl ly the inte rbeds i n the diatorrite ar c rich in shells of 

frush w8to r gastr opods r- nd bivalve: F.lt the ir top. The shells 

conmonly form the upper 5- 12cn of the gr nvel lr.y~rs. Th0 

shelly gravels like tb<J othors e' r c pUT1iceous with the rrr'1in 

s i zes of the individual pebbles varying frOM 2rnn t o 2co , 

of to n the pr opor ition of the ~rtrix being lower . Th~y nr e 

SOM0ti'",12S inve rsely gr::tded ( l ocrlity 51) . The pU'1ico.;; pebbles 

ft r c s ubround od to r ounded i b t10st l.!>ye r s. The shells E'ro 

thin 10scly F.ttpched to the putlice p~bbles ROC ~ru c0~plct~ly 

pr .... :s"' r v0d 0 Tht; ir size is v ;:1riC"bl c I hut 0Il onp;~tcd typ.s S ... C:r.l 

to domin?t..J in Ilost horizons. Thrc ... sp,,;;c i s of g .... ·str o'Pods 



-4 

l 



c 

PIRte 6 Shales of q~strorod. and biv~lve 

Gastrnpods _ a Gyranulus epertus 

Bivalve 

_ t', Melanoides tuberculata 

_ c Bulinus afcicanuS 

_ d Corbicula consobcina 
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-)",:1 On(, 3"'-:"::CL:S of b iv"' l vL; -~rD i dcnt ifi0d (plrtt::' 6). The 

i~'~rtifi,-,d i-".st;ropccs ~ rc 1"'.:l.f!!o idc.? tub.:: rc u1 'lt"l , G~r:"!nuluG 

r-r rtus '"!nd Rulinus "'fric "' nus "'I!(l the biv"'l~ i s Conbicul"r ---
abs rv",d in thl' I;:-r"'v", l l:->YLrs. This l!If'y inc ic ~ t c; th.:: sucld~D 

d<.;TH)sition :)f rr "'vtds rod shGlls. I'I"hc f"ct th~t the 1-"'5-

tr()ro(~s '-'n:" biv;--lvcs r ri,.; no t df'nl"~oJ by the pU"' ice pebbl \,;s 

i s "ttritut(;c to the lirhtcr ct;;nsity r od softnuss of the 

nHnicc PiJb~lcs. 

~'h,- sh....:-lly :r .... v01s (' ceur r ~-u ll"'rly in tht::: upper sec -

tiC'n~ ',f th",; s...:quvncc "nd llot r 0pr es.: nt·3d in t he southern 

~~ nos~ ibl c eml '!tioD t o this c ould be 

r"in",d s ..... c.ir: .... nts (silts .... nd d i pto'1itl:s)1Jhicb nr e t b'JudJ,t 

t(1 b", (kpC'.c.:itvd in ~ rclrt i voly dccp .... r w't..:r inhosr it ro blc to 

(l;>~Russc, 1986 , p, .. rsonrl COnnUil.). 

Tlh' ·'"!!"'.jori ty of' the ... -r ..... v uls ~'!i th ODv e xc op tion t".r..: r]o r 0 

or lLs~~ ;:'i: 'ilf'r in CO'TDosition. f ';!"Jic v !.r= ins -:lOst l y for~ 

th· l--r{:,,,-st port i on, clf'sts of ohsidi"n '"Ind. bf's11t f'r€ the 

frequent lithic C ()~TDOnl;..·nts in ·'los t of the t~r "vc l s with v"'ri '­

ihl .... rro~"\o ri t i on of siz0 "nd !>h3pc. ScoreD , i t;ni::bri t .... S "'nd 

1j . ""'c' ll'thic fr";l1vnts i [1 f ww Dlt i zC'0 ;;r~iDs ~ls("l occur , ,) 

, J d On the ~u~icu SN1-,1(..s. Th ·J.r·xi ~w-; si Ze .:If lithics lnc .U 1 . 

cl~Rts r'..;."' chcs u;--to 5c1--. GIFSS shr-r .5, I.." , d f Ids··"rs- s"nidinc 

'bt . er - l fr"ction fl.nd 1)1 -i,iocl 's0, ch ert cnnst itute th o 11. M1D 

of . ' tl't ' ""u I·i t e fo nd horn-"lost Er ."'v01s !.,hilt; b i otite ! 'ltlgn,. v, c 
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hl L: n(\ (; in order of increAsing i!JDort<lDc If1rfuly prnS..:nt P8 

h0~\vy "lin.;;or8.1 fractions. Cert?in prflvl,,'l h,y .... rs cont!"in few 

r i ~ to~ t 1StS and frp~cnts of pl?nta . 

The grovel oed in locality 17 (17B , ) shows diffo r ont 

Ds sociAtion of constituents fro~ others. It cODsists of 

p ut, i cL; ,crystflls find lithics. Th~ lit:hic Ci')t" ;)Dunts includo 

v ' lcpnic rocks such ~s ohsidiRn , ~~56ivu baB~lt , vcsicul~r 

b:1s :'l l t nnd fIlflssi vc oxidizod. bRSI:'lts , soili a TII • .,tt:riAls 

( ~l t (.; r .... d volcClnic rocks of decitic to f'ndesitic comoI)Dition). 

ChLrt, isolctcd cryst~ls of qup.rtz , bio itu, oUrTI~lino l 

hornb l ende ~~d some lcp idoc r ositcs forn the niDer~l propo­

riti an of this grpvel. The corplex co~position rnd tho high 

dL:r r cc of roundn~5s of the gr~ins ev~n in b~8~lt8 i~ply 8 

de riv ,'l tion from p nixed distAnt s()urcc. 



, 
??2.2 S::lncs 

3~nds conpri~es 5% of the lithotypes of the str-tigraphic 

c')lur:n of tho Upper SOquuDCQ. Thc:y ~re pros(;nt in Al ost ,,11 

s(, ctions of the requenct: pnd occupy tho bot O!"l section of tho 

co] U"!1 81 though few inte rbeds ~ro pr.Jscnt io th~ ::tiddlc Dnd 

uppvr p~rts of th0 colu~n. Tb~y uauQlly overlie or intor­

b~dd~d in the fi n e gr a i ned sediments such AS silts or dinto­

m i~os (900 Fig. 7). 

The spnds v~ry in colour Iron whitish grAy to grny nnd 

yclloHish cnd pre texturally classified flS slightly grAvolly 

:1cdiU!T! s~ nd , gravelly silty sand , And grpvelly snod . Tho 

gr' v',~ l fr"'ction of the snnds is noatly dnnim~ted by pumico 

r,rp inr- nnd few lithics . The thic~n~ss of individu~l beds ~ 

r~nR~ f ron 5cQ to a m~ximum of 55c~. Vprip.tion in thickness 

is i"persistant both vertic .... lly {lnd lAterally. Howovur, in 

SOrle send intcrpeds the thiclmess is r~gulor . Gco".rally tbu 

s.n nds e re poorly indurnted rod hori~ontD.lly bt)ddod. 

The spnd heds in tho f) f1stern p~rt of thu Drea (locAli y 

19) ~ re slightly d i fforent in chp ~ct~r hsn other buds. 

The;y 'lre light grf1Y in colour , ~nd apnArontly 'he tor sor od I 

bo~h of theM bcinp, fin~ sond with v~ry littlo or no clsy 

s iz( d ~rteriels. They pre r~ IAtively cnn50Ii~~ted ~nd COPT9cr 

~~nd gr~ins a rc loc8lly concorntr~ ed as len~os wi hin ho 

beds . T f 1 r -'pr'scnt.-d srlBII sCl'lu oscillA ory rRces 0 poor y '" u ~ 

r ipples n. re present on tho surface of tht:su sGnd locally . 

l'hl..!'i ~ fE.;p turvs- the cl~FlDness of the sf' nds (r· .. vuallJd in th 

~bG~ ncL of clay sized motcri~ls), tbo locnl c~nccn r~ i net 



TABLE S , Descri ption of Grain Size Dist ri butions of Sands and Ashe~ (Up.S.) 

Sa~ l e Th i ck - Moan % % % % Textural No . Ll thology noss Colour 51 zc 0 Gravel Sand 51 It Cl ay NQC1"r(!n C I et u r a 

03- E Sand 1 . 4 YellowiSh brown 3.11 17.53 56.54 20.71 0 .75 Gravel l y sl Hy 
coarSQ CJ.and 

05- B Sand 2.3 \'ih j t(> gray I. 56 22 . 6 38.63 33. 13 I. B4 Graw.:! Iy silty sand 
OB- C Sand 0.25 Yel l owish 1.33 2 . 1 96 . 79 0.9 <:;Iightly gravelly 

med . sand 
14-8 Sand 0.8 Li gnt brownish - 1. 56 79.92 9 . 09 10. 3 0 . 84 51 Ity sand 
16-G Sand 0 . 7 Grey I. 25 11.4 9 82 .6 4.94 0 .35 Gravelly coarse sand 
16-E Sand 0.55 White gray -I. 16 20. 8 76 .47 2.6 Gravnl Iy co~rse sand l r9-A Sand 0 . 5 Dark gray 2.93 7B.6 20.53 '51lty sand 
19- 8 Sand 1.2 Gray 3.1 92 .1 6 7 . 65 Sand 2 
53- 8

2 Diatomaceous 0 . 05 Gray 1. 36 10.59 77 .22 9,.:16 Gravolly 5i Ity med . she l ly sand 
sand 

54- A Sane 0 . 8 Yel towi~h 1.13 25.84 53- 65 17.01 2.5 Gravelly silty sand 
03-8 Ash OJ, Gray -0.03 52.17 40.42 6.53 0.47 Conrse a~,h 
05-A Ash 2.2 \tlh i to groy -0.03 56.81 17 . 83 22.93 0.16 '":odrSG d~h 
05-C A'.h 0.1 Gray O.C)3 21 . ':;, J 52.86 9.6' 1.66 :(wrse a~·h 
I f:- '\ A~L 4. (;r dy ,. ' 98,8,1 I. I, F j 'i 1sh 

,::- , 

.... 
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c op r sc : . s ?nd gr~ ins , pnd although poorly defined , t he osci­

ll ator y rippl ~ s may i nd i cRte the net i on of W? VCS during t he 

dcposi t i op of the s ~nds i mplying th~t they Ar e f ormed in the 

b(;.? ch prrt of t h e 1t.'k e . Th e beach ch nr'1ctc r of t he s e s ands 

i s Rl so shown i n s e ction 4. 

Cor.lpo si tioD 

Th .a ;;l in8 rp.l og i cal compos i tiOD of t hese s~nds ct00S not 

s hm.,. much d i ffe rence between t he ind ividual s<'mpl es . The 

ir;rnort~nt cODst i tue nts i nclude pUCl ice , Po nd lithic f r agoents . 

Gl !1sS 8. nd Cryst Cl ls ~ rc s0cond in i mpo];'t[I Dce . The c l r. s ts con­

si st of b8 s21t , scor ea , rhyol i te . Obs i di ?D and Pumice . 

The puni ce gre ins Ar~ ~ltered ~nd sometime s limonitized 

and constitute the h i ghest pr opor t i un . The commOD crys t al s 

er c; Chl) rt, qu r rtz , srni di n4;) and p l egi ocl sBc wi tb encrusted 

Py ox 0n ( a ugite ) . GInss shnrds E1.rc pbundant in the v~ry fine 

fr :"'! ctions z.nd {1rc th in ~md f ibrous like in s h8pe . Hornblend~ , 

augit t.; , biotit e a nd nrgnt:)t i te a r e the freque nt heavy mine r a l 

gra ins in all the spud s~mple s. The SAnd inter be ds in di ato-

nitics ~rc d i rt ow3ceous. 
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2.2.2 . , Silts 

Th~ silts of t he UppC! r Sequence occupy 14% of the co11lILlD 

~n0 cr~ third i n abunrlpn~e next to gr avels and di ptomi tes . 

Th0Y pre gray, grayish Hhi te , f,rec ni s h gr E' y and dark 3r ay in 

cofour. The thicknes s of these s i l ts vary fror:! 10cm t o a 

!:1?xiuur::t of 1. 7~ts . ",bout 700ft: of t he silts er c domi nant l y 

ncdiuJ11 silt si7..Gd Pond the r est 300;6 ar e either cOf rse~ il t or 

fine silt . 

More th?n 6CYJ[ of t he s i l t s are di Fl t omaceolls . The di at o-

macoous s ilts cO@ffionl y occur in the ~iddl e and bot tom of t he 

s0:ction for the sequt1nce. lJhenever t he y ar e d iat oI!l~ ceous 

they often a r e associ a t ed with the copr se r gr ained sedi ments 

and gene r al ly r e st on sRndy gr avels . 

The silts ar e poor to s0~i- consol ida ted in Eost of the 

sect i ons pnd pre th i nly bedded . Lam in~tion is t he most common 

sediQcntnry struct ure di svl p. yed by t hem. The i ndividual 

lamine.e v p..ry from lDyer s to l ,!:wers and i n."sooe the La;:n inet i ons 

ar c less th<-'n 10m. whi l e i n other s they even r each upto 4om . 

i n thickness .. In 5")0:0 of t he s ilts or ga niC matter l Ayer s , 

espcci nlly at the ir top ar e observed . The th ickness of these 

leY~rs is very very thi n and i n one s ample (53B , plpte 7) 

three lryers, a }fuJm thi ck and sep?r eted frm~ the above t wo 

by 1}2c:n nnd two l ayers 1mm thick each And s epp. r At ed f r om 

ea ch tb laml· na "r e obser ved t o occur persis ., o cr by 1 m~ silt ~ 

tantly within the s ~mp le . However , from the r esul t s of the 

seml· qu t· t an", lys ';' ~ gi ve n in secti on 3 '" an 1tRtiv8 or ganiC mat a r ~, ~~ 

m t ll· ttl e ~~ount of or g? ni c ~ Os silts a r 2 found to contp. i n very 

matt er RS conp8 r cd to the gr 8vel s . 

, 
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COTI'Jp0si t i on 

CO:Jposition81 1y , the s ilts fl T e form~d of feldspa r s , ~l ass 

Sh, r ds , Ch-.:rts of ifFl r iflbl e cl (m r , quert z , pllmic e STa i ns , ond 

f ew l i th ics of vo lc .::·nic r ocks. Ess nnti nl ly t hese ccnstituents 

ar e A i'~ il c r Ylith the const i tuent s of other lithotypes . 

Obsid i ~n , scor CR ~nd t uff a r e the l i t hic co~ponent s of t he 

sil ts. Pur- i c e gr a i ns !'I r e usua lly subr ounded to r ounded . 

The gl ,?ss chRr Acte r i s t i c e. lly f or ns 70- SW of the cOT'lpone nts . 

Hor nbl ende , t our nal ine ( ? ) and ~ugite ar e the frequent 

hea vy ~inera l s in no s t s i lts and Ru~ite i s t he d o~in?nt type 

a;lODg th0M. Calcnr eous c oncre t i ons , sma l l 8m0unts of iron 

oxid0 S ( l i~onite ) pnd ze l oites ar e pr esent in so~e of t he 

S"lmp l es . 

SO;:1 0;) o f the d i nt Ol!!8 CeOllS si l ts cont ~ in she l ls of ges ­

trol)od s and r em ? ins of p l an t s . A r eT!l ?rkabl e f e C'l. tur e of the 

silts of the bottom sect i on (Fig . 8) i s thet t hey cont pin 

s he l ls of ost r " c ods . Espe c i ? lly , s flr:1plcs 16F, H and 52- l·2 

a t d sboll of t he r EO extr~nely rich in f r e s h wate r os r aco '" 

s mil€: t ype o f spe c i e s. The pr e s e nce of f ew spec i es of fre sh 

. t · · 5 su~ge stive W&t e r ostr~ cod s i n oli gotrouhi c 8 s saC1 8 laD 1 

f 1 d environoent of o :- v<..: r y r e stri cted <=I ud s e 10ct i ve or COSt: 

l Agoonal type (F . Russo , Pe r oDCt I co~mun) . 



TABLE .. Descr ipti on of Gra in Size Distrib uT ions of 51 Its end Dl l!l t"omltes (Up . S. ) 

Ssarrp I e Thfck- Mean Toxtu r e l No . II th C" / o(!y ness Colour SIze0 Gr avel Sand S I I i Clay Nomencl e1'un , 
/</-.4, 5 i I t 0 . 3 Yel l owish WhiTe 3.58 <19 . 31 49 .85 0 . 65 Sandy s ilT 
16- I I S i 11' 0 . 07 ;'/h 1 te 5. I 32 . 4 63 . 28 2 . 36 Sandy si lt 
/6-J 5i I t I. ! 8 Gr ay i sh white 4.53 30.04 58.81 9 . 7! Dl to 
/ 7-A Diatomaceous s i It 0 . 2 Gr ay 00 5 . 46 2 .3 89 . 67 3.93 5i It 
r 7- A DI~1'omaceous s l It 0 .1 Gr ay 5 . 3 5 .24 87 . 72 2 . 34 5i It 0 1 
17- A Diatomaceous 51 It 0 . 12 Da r k gray 4.83 12 5 . 95 72.85 4.95 Grave ll y si It 03 
17-A Di atomaceous si It I. 72 Grayish whiTe 5 . 96 85.64 14. 36 51 It I 
52- A 5i It 0 . 25 Green i sh g r ay 4.9 26 . 04 57 . 76 11.95 Sandy 5 ; It " 2 
53- 8 , 01 atomaceous silt 0 . 2 Ye ll owish 4 . 7 17 . 33 82 . 6 S I It 

07-A Oi atom 1 t e 1. 22 Ye l Jowish white 6 .43 83.4 5 16 . 55 5 1 I t 
08-D She lly d i atomite 1. 22 Oitto 6 . 76 74.69 25 . 31 S ilt 
2(}- A Di atomite D. 5 Wh i t c 6 . 86 65. 92 34. 08 1·1Ud 
52- A Di atomite 0. 8" Grayi sh wh ite 6.13 88. 6 3 11. 37 5 j It 
52- 9 D i d'tOrrl i te 0 . 5 Gray 6 .46 84. 36 J 5 . 64 Si lt 
52-C Diutom i t<;} 1. 5 Yet low i sh wh ite 6 . 43 87. 00 13 . 00 S i Ii 
57- D Di atom ito 4. 8 Y,_ ll owi s h whitf' ; , 3e a 1. 55 18 . 45 Si It 
53-8 

3 Diat omite 6 . 16 Gr ay ish whi te 6 . 15 83.60 16.4 5 i I t 

• 

• ... 
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2 2 2 4 Dipt0n ites • • • 

ThL! di ...- to~ite s of t he Uppe r Scqucnc~ a r e one of th~ 

o~jor lith otyp~ s thpt occupy th~ l ~ rgcst section of the 

str< tigr~ phic colunn of the seque nc~ . They rpnge in col our 

fr(, ~l light p;r C'..y to ye llowish white end chalky white. SllctioDS 

of di?tonit~ s occur in the ccntr pl RDn southwestern pert . 

They pre fi ne grained, poorly cons olide.t ed and extreMly 

fri able. The thickness of the ind i vidual di ?tomite layers 

varie s fr om 50cl!! (locality 19) t o oVer 10nts (locality 54) . 

Thickest s e ctions Clre found in thci s outhwcst.:rn pert of t he 

ar ea in the norc deeper sections of the gullie s f eeding 

Bulbuln river. Th~ diatomite s in the northeastern part of 

the ~ rea do not exceed 1rIt and r epresent the upper portion 

of the s e ctions . The sinplest occurence of these diat'H:lites 

is sho"'m in p lates 8 and 9. Tot ice he r e the co lour ch pDgc 

of tho di~t o~it e s in both l oc a lities. 

Obs 0rv."'tion of these diflt01Hitcs in the fi a ld have 

Shown that wi tb feltl e xcept i ons they occur directly above the 

gT:' l1 vc l l nY0rs. T ~: o m<'l i n d i rtoni te leye r s or horizons p. r e 

i dentifie d fr'::> :'l tbe ir strr,tip;r aphic r e Int i onshi ps . The top 

layer . is reprtJ~ented in local ities 07 and 09 Find has A 

th o k d l "ycr 's about 100ts thick Ie ne ss of 2~ts o The secon ~ ~ 

. both in t he <'nct is Gxposed usuAlly eve n i n sl'lP.ller sectIons 

" 53 o Dd 54) . central Rnd south~rn part of the er ea (localitIes 

t' their litho­Th ... s c twn l r'ye rs are not th~t much differ en In 

1 t· fltloflst t wo 
Ogie de tai ls . Howev e r, the top layers con ~ ln 

grpvcl inter beds with she lls of gAst r opocts fl nd biva l ves. 



P1I'I.te 8 Di fltomites o f the Upper S'equence (white ) 
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Pla te 9 Diatomites of the Upper Sequence (grayish white ) 

• 



I 
The d ieto~ites ~t the top of the s0 ction pr e ~~8sive 

boddine i s interrupted whenever grRvel or psh er e interbedded 

in bctwe0n. The bottom sections of diato''''ites flre th i ckly 

bedded <1nd inte rn<'lily l?f1inated. The la"in~ tion olternr' es 

bct'.<lc:cn r:;r<>.y i sh \ .. hi te Fnd y ellowish wbi te l ayer s. The greyish 

l a~inDG ~ re prob~bly caused by esh . The i ndi vi dual l e"i noc 

v ery bc'tween 1cm Find 10cf'l. /,lthough there is t hi s vari ation 

in the thickness of the lani nae , t he i r thickness , however is 

r~)gu12r be ing 4 c r:l on the eve r nge . The bedding pl ancs bounding 

t hu di?tClr~ites <lrc sh~ rp cont~ cts r~ ~nrdle ss of wba t lios 

above ~nd helow tbcm~ 

Unlike thtJ d i aton i tes of the Lowe r Sequence , t hese di-

ato;it~s ~re unp.ffected by fp.ultinp nnd h~nce ?r~ loose ~nd 

not frF" tured 0 S,J:1C of th0 diRtOT'Ji tes contai n occf1sionally 

org~nic Dntt~r and s i mil?r types of sh~lls t hpt occur i n the 

gr flvel inturbeds betNcen t he!:l . 

Cor;,posi tion 

The: compo s i tion of t hese di?tOMi tcs t:!re not diff~rent 

froM the d i~ tomites of t he Lower sequences. They ar e ex­

tr"mly rich in fass i l diBtoms. Other cODst i tuonts cOrrloonly 

found in tho othe r lithotypes ar e pres~nt t o ~ smaller exten 

d "It s i zed lithic Th0se include pUfJi ce cl~sts , glASS 5har s , 51 

fragr.ents , cher t , f ew i r on oxidefi Rnd z~olitc5. 

( t pbl e 8) f r oo these Chenic?l analysi s of 12 s~Qple s 

di~to~ites indic?tes a lower pvcrage 5i 02 per cent.ge (83 .4 ). 

to th~t of Lower s~quence This vplu(;, 15 10 .... 1 when conppr cd 

( ". co~pnrativc incrcoS0 in tntl\.; 3) <'1nd is c ornpens fl tec1 by " 
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TA8lE. l: Chemical An&IVsiS o f Oi .!ITOM; t es o f Upp .... 
SeQuence (.!I fT (> r KflOlh , '98. ) 

Sample 
HzD &1 No . Si0

2 AI 203 FeZOZ e.O MgO tl.!lzO ",0 ",0 T 10Z 191'1 1 tlon 'Iooe 
76. 5 7 . • 3.7 I.' 0.' 2.< 1.7 0. 1 0.7 '. ' 5.11 

2 85 . 0 ' . 7 2.' 0.' 0. ' 1. 1 0.' 0.1 0.3 '.8 , .. 
3 84. 8 3 .• 2. 2 1.3 0.' I.' 0.' 0. 1 0. 3 '. 1 ' .7 
4 83 . 8 4.' 2.' 1.0 0 .' 1.3 0.' 0.1 0.' ,. , '.7 

5 83 . 0 5.7 2. ' 0.' 0.' I.' 1.0 0.1 0. ' '.' ,. , 
6 85.0 ••• 2.5 0 . 5 0 . 3 I. , 0.' 0.1 0.3 '.7 ,., 
7 65 . .: ': . 3 2.3 0. ' 0 . ' I.' 0. ' 0.1 O. ) '.7 , .. 
8 85 . 5 •. < 2.3 0.3 0 . ' I.' 0 .• 0. 1 0.3 '.5 '.0 

9 83 . 7 5.0 2.8 0 . ' 0.5 I.' 1.1 0.1 0.' ••• ' .0 

10 82 . 5 S., 2 . 7 0.' 0.' I.' 1.2 0.1 0.' '.7 '. ' 
" 80 .5 ' .3 3.3 1.1 1.1 0.' 1. 0 0.1 0.' ' .3 '.2 

12 85. Z 2.2 1.3 3. 2 0 .3 0. 7 0.5 0.1 0. 3 '.2 '.' 
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aVer!'" volue s o f 1.1 2°3 (4. 9%) and F 0 (2 «'I 
"2 3 . /~) Which may 

b.J fttr i buted t o the inc rcpse of asb i l'lpurity in the difltorlitl:8 

of thiR s equence . 

2 . 2.2 . 5 i.sbe s 

The C\sh of the Upper Sequence g~nerally ar c ~,"ong tho 

mi nor l i thotypes i n the s tratigr nphic sect i ons. They occur 

in localities 13 nnd 52 most of tho rn be ing in the southwes ern 

part of t he study [Ir e a and in locRlity 51 in the contral pE'l r t . 

The thickness of these ashes varies f r OM l ess thAn 10cm t o A 

opxi~um of 70co . Often they occur ns th in interbeds in gr~vel9 

and d i~tomites. Tb e col our r fl nges f r of!] gree nish gr ey I') .... hite 

Although they occ upy only linited segnent of the st r pti­

gr aphic coluon of the s eq uenc e t heir abundance , however, is 

frequent. Th i s i s r e fl octed i o their frequ ... nt in cr bedding 

within tho gr ave ls or diptnni t es . I n p~rticular , in thu 

di <'l to!1ites , the y oft e n cause the gran t er degr ee of impurities 

~nd Change its lithology to gr~de into di atomace ous Rsh or 

ashy d i 2 ~o~itcs o Alth0u~h not seeD by nos ash I Ryor s , poor 

nor mal graca t i on and beddi ng i s obser ved in sooe asbes (050 

and 181l). 

1 f1"nc to co, r so asb !1ost of t he const ituent materin s or e 

except in few ca~es which r each upto l Apill size . In ona 

sAn~le (03- B) the size of pumice clacts even r ceches up 0 

6cm. The gre~n p,ray vn rict i es consist of 

vari abl e Size , obsidian ch i ps r nd lithics 

punice cl~s s ~f 

of rhyolite , bAsol 

( Th" b"selt s ize r omains to be and es i te ?) a nd score a . v ~ 
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snallcr (1 - 1.5c~) thRn punl'c ' - ~ gr P1DS. The m~ rkcd proporty 

obst:rvcd in the se kind or nshes is thpt within t he SP 'lh.: type 

of lithic clpsts , the s i ze distr ibut i on seems t o bo si~ilAr. 

Most of the lithi c fr:-gment s including the pumices also Arc 

(' ngular. 

Corrpos i tion 

The ash sartp l r. s , \'Then eXAmined under the Cl icroacopo Bro 

s i Clil? r in n ine r 210gy and texture. They Arc in general coo­

posed of che r t , feld5p~rs , pl Ds s Rnd lithic fr~gDe nt8 . Tho 

feldap,"1. r s i n clude both s~ nid inc Rnd pl nF';i oc l Ds o . GIABS 

shRrds are most l y ~ ngular , flat, sickle - like and occ8sionally 

Y sh.'lped p artic l es.. Thf"!Be fl r o Elssoci rtcd with crystals of 

sC' nd..d i ne and b i otite i n some of the ~5h Inye r s . The lithic 

frng~cnts come fr om bvsa l t , r hyol i t e , obsidiRn and pumice in 

the or de r of t he ir abundance in most (Ish sBmpl.)s. l'Iost lithic 

Th e pll'1 i ce f r agme nts arc whito t o gray tub~lar , v~Bicu­

l atud, thin and ellong~t~d nost of the ti~e . Some tines glass 

with snaIl scatter ed plagi oclRs& , hornblunde (pyrox~De ?) pro 

seen in ~ssoc i~t ion within few punice groins. t~ODg th~ beavy 

~in~rals present i n t hese Poshes , pyroxon (Augite) , mApdti c , 

hornble:nde Rnd biotit\l Ar c dOT1i nant in decrd3sinr orde r of 

i mportance. 
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2 . 2 . 3 SUWIJ1e ry of Lithologi e s 

The LO' Jc r Se que nce and Uppe r Scnu" nce 
'.1 we r e c l uI' r l y i de n-

tifi ~ble i n t he fi ol d by, the ~r 
~ occurr ence . Lowor S~quonco 

deposits <'l re mainl y expos ed in uplif t ed blocks I"Dd Rr 

gene r ally disturhed while the Upper Sequence depos its occur 

i n the f lAt a r e RS of the r egi on \" i t hout bc in~ nffec ted t ec­

t onic fl l l y .. 

The l itho lop.;ic de script i ons f or bot h s eque nces r.howe d 

t hat si~ i 12rity exists in the gr oss chAr~ cters of t ho l itho­

types. Th ickn'J s s of s cdina nts increase s westwnrds Rnd nor t h­

c~stw~rd s. Sedi~c Dts PTe rener al l y fri able And unconsolidRtud . 

Bedding i s t he nost c ome Dn s cl d in~ntary str ucture d i spl Ay~d 

by t hese s ed i me nt s nod se~QS to bd i ni t i pt ud pnrticulr rly in 

t h...; coars e g r.:'!.incd grav~ ls by D sl i gbt ch.';> npc in c ol our pnd 

si ze of matcri 01s. This may sugr,est c onst~nt s u ply of sed i ­

me nts during the s cdi rrtontElt i on pe riod . Grr ve ls be longing 0 

the Lowe r Se que nc e we r~ not i dent i f i ed . Howe ver, the i r occur-

r enee i n the seque nc e is suspected furthe r t o the south . 

Sh~ lls of g2 stropods, biva l ves and ostr qCEl ds Are f ound in th~ 

s c d ir:h:;nts of the Uppe r Sequ cnc Q. rho "bse nce of sh€:lls of 

gnstrop ods in the Lower Seq uence of t ho study cre El l'l~y be due 

t o the I F' ck of s h a llo\oJ l'/El te r ( bI;)Elch) grRvc l s . 

The pri o pry pe t r o l ogic c onstituc nts of the se sed i nants 

ar e pr edot'l i nantl y pyrocla stic r;l pte r i Rls l'ihicb i nc! i cptcs t hat 

t he SUp p l y of the sed im~nts ' was f r on D vol cani c cen c r Wh OSd 

t '01 5 Tbe oAjor pobb1. pr oduc ts a r t! l .? r gely pU1:lice ous r:lR C! rl p • 

and ' f t h gr ove l s Arc purlice 1 obsi d i a n granul e l i t hologl CS 0 e 

~nd basal t" 
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2 . 3 Textur&! studies 

The sedi ~ents of thl;; IldFlT:.i Tulu {Ir..:f! studied V1' riC8 froc 

cl~y s ize to pebbles with p maxinun di~n~tcr in exceso of 

30cn. Lr-ter81 And verticAl ch ~ n~cs in gr nin s ize pre common 

nnd PD e. ccurC'ltc est i t:1Rte of r clpt ivc size nbundp DCO is not 

possible G Howeve r , some rptionAli zAt i on is pchicvcd by 

gr ouping size cl asses into gcnernl lithotypes - gr nvels , annda, 

silts , dir t omit ~s and oshes . 

Gr~ in s i ze distribution froM the different lithotypes 

wora de t c r li1ined by dry and ,Jot sieving of thu co~rl;st 

I'lflt_rif'l ::o nd p i ppettc analysis of silt "nd clAY 5iZtld fTI'C ­

tions. The r esults of tbl3 mcch~nicAl PDfllYRis ar e 5urnmnrizud 

by Ji'igs '3 to 16 . \:herc possible , the following pRrpmetllrs 

Wure c!11culpted for 0?ch sBElple : l'Iodi?-o gr l" in size (M) , 

CQ·1.rscst per centile (C), strmd nrd devi ~·tion , sor ing coeffi­

Cient , skewness and urt os i s ~s in Folk (1968) (sae tables 

9 to 12). 

Me~ n, medi?D , sorting a nd stAnderd deviation h~va boeD 

ploted fl.f,? inst cnch other (Fig 11 find 12) ['ftar the mllnn~r 

of l"'fiol<'l pod lve ize r (1968). Vnlues of cOf!rscst pereen ile 

(C) h~V0 been plotted ~gainst ~edinn gr~iD size (~) , follow­

ing tbe method of possega (1957). Those plots show tbe 

(listribution of tcxtur'1l paramcters in tho deposits nnd Ard 

used for the intc r prctntioD of the t!DviroMcnt of deposi ion 

in Sc:ction 4 .. 
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2 . 3 . 1 T&xtures ~f the Lower Sequence d~posits 

SRnds 

The scn0s of t he sCQuence aru coopos~d of on tbe Average 

l~% gr~ve ls , 671 sands pnd 27# '1!Uci frr-ctions. The t:edian size 

ranges from 2 .1 0 to 3.90, the over Age being 2 . 90 nnd the 

avcr:-17c , 

,s;omd .. 

me? n grain di Brneter (3.2¢) f or thGse sa nds is fino 

This value i s 10\<1 for most slmds bCCDUSC of the pr.e -

sence of s i gnificant , pr oportion of T!lud (t ablo 1). The tox­

tural clpss i f icnt i on Accord ing t o Folk (1968) for tb\,;!~c Blln~G 

a re gr? Vel l y silty sand nnd s ilty s'lIJd. 

In gene r al the sediment s li T O very poorly sorted and 

exhibit sorting coeffi cient vAlues of the order (1.950 to 

3.110). The vplu,Js of SK(;'ImCSS for th~ 6"'mplcs rDF'Ilysed ~re 

positive rD nr. ing fror. 0.09 to 0 . 5; w ich indicAtes distribu-

ti (m fron n e<" r syt!llTIclt rical to str()ngly finiJ skewed. 

Silts 

The silts of the Lm·;cr S quence gcncr.?lly cOr.lprisc o 

medium (46%) t o coarse silt (3391,) fractions with cley froc ­

tions in t he r nnge of 1; to 29%, 8vcrp6~ value being 21%. 

FT'Or!1 t h e r;r flnulOr'let iric indic~s of tpble 9 calculated 

fro~ cur ves of Fi g . 10 , the nadian 6ver~ge is found to be 

5 . 75£1 "hila tho moe n diaoetor is 6 . 860 ~rnediurn silt) . >;xcopt 

One sn~ple u2E which is nodcrptely sorted , the ~ajority of 

the snrnpl es Bra poor ly sort~d . Sa~pl~ 42~ is ~odcr~t~ly 

sort-.:d buco.use of bi gh perc~nt~ge of MlJdiuri silt fr "ctions 

<' nel rulativ:::ly lower clf1Y frE'ctions. ThJY h"vc v:tril'ble 
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TABLE C"f: Gf'anulomotrlc: Indlco$ of 1.010'0<' S~u .. mce Ooposlts 

S<1"f- Ie lithology Coarsest ~ Madl an IVo.)n Sorting St.DovletlOl't SkOWOOSl IWI'1OSI& 
No. C Microns "". • 'I '0 ", "" 
Q4-C SMd 5000 2.7 2. 9l 3.11 3.26 0.09 0.9) 

"'-0 Sand "00 2. I 2.16 1.95 1.1 0.42 1.42 

47-A SMa '" '-' 4.7.3 2.18 2.25 0.53 t .21 

"'-6 Oi etOl"i te 1900 7.2 7.56 2. ' 3.25 0.29 0.' 

OH 01 atO"li To 42 . 7 7.2 7.16 1.4~ t .45 O . ~ 1.09 

,0-, OleT<::: • .,itc 28.2 7.5 7.5 l.10 1.0 0.0> I.' 
.H-r. Diatomite 45.7 , 6.:16 1.48 I.' 0.31 0 . 97 

4J-E Diatomitoi! 45.3 '.7 7.13 2.01 2 .• 5 0.12 0.e7 

"'-6 01 e"tomi te 45.4 7.5 1. ">6 I. 41 I.' -o.OJ 1. 01 

04-F '5 i It 48.0 ••• 5. :53 I. J3 0.85 0.39 3." 

4 i.,.B Silt 37.45 '.6 7.03 1.25 1. 05 0.29 '.6) 

42-E Silt 37.45 5. ' 6.03 1.12 0.65 0." 3.' 4 

58-C Silt· 43.7 5.' L}) 1.71 I.' 0.65 I." 
41-r A" 43.1 5.2 S. ,. 0.64 0.65 0.'0 0.95 

42-0 Mh 5600 2. ' 2.53 2. 8J 2.85 -0.12 0.90 

58- A Tuff " 
,. , '.66 r .61 1.65 0.42 1.16 

0 

• 
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s k ewne ss (0.29 to 0 . 65) Whl· ch _ v~rics fro~ fiDwl y sk~wod t o 

strongly fincly skewed. Th ,-c ~urt osi s value in t~ble 9 

i nd icrtc s t hnt the cumul at ive curves (Fig. 10) ~rc l cptokurt ic , 

i~plyin~ better sorting in the central porition t hRn thu ails . 

Di 8.t omites 

The ctistonitos of the the Lowor Scqu~ nce c ~~pri 9c on 

t h G .:"' verage l~O'fi, fine s ilt , 17%, me d i uM silt , 11% COflTStl Dilt 

[me. 319'; clay si7,ed fr~ctions. This distribution of size 

shows thRt tbey are dOl"J iDeontly fine gr Ai ned. Thtl T'lOA n gr " in 

cl i n.:::lc t Br for these sed inents is \>'e 11 "'bove 70 (ve r y fi nc 

silt). Tho eve r age of 6 sBmDles i s 7.19£1. :.l thou~h ho 

rbuncl r~ nt size in most SAMples is ve r y fine s ilt , nufl rly nIl 

the onalyscd s ample s a r e poor ly sort ud :>S i nrl i c"Itod by t h e 

v?lu o of the ir sorting coefficient (on t he ~v rng~ 1 . 670 ) . 

The skewne ss vr luc f or these di Atonites (nve=oge 0 . 16) 

i nd ic p, tes thAt 5OC~ of the sp~pl es pr e nepr sYMnotric~l while 

t h0 r e st 5~ are finely skewed. Yurtosis values for h~ ~AjO­

rity of the diatomites ~pproachcS nor n" l kurtosi s i MPlying 

c oopa r pble s orting be tween the tail s pnd ccntr 91 pori tion 

of the cuoul ative curve s (Fig . 10) 

Ash e s 
[1ech ,m i c a l anttlys i s of the flsht,; S fr rm th~ Lowe r Sl:tquoncc 

showec th?t the ashes ~re ~ener: l lY conposed of ash p~rticle~. 
FrQ~ the three s~mple s studied , SC~ of th~ ~~tc ri~ls fer two 

h 5~ (1 ) '2nO) "ne 'or spopl. 42D 
sp~pl e s a r e s~all~r t ?D ~ / 

4 0 pnd 1/x~ Th~ med i an 
of t he ~At uri e ls ~ rc i, between 0 / -

s i ze lies hetWGv n 2.90 ~nd 6 . 3¢. The t~xtural p"rpmeters 
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c?lcul~ted f r oc t he Ma in popul?t i on of Fi g . 9 i nd i cates 

th0t except one sanpl e 41F , which i s noder ptely well sorted 

wi th sort in~ c oefficient of 0.650 , t he r est [I r e poor ly sortod 

'/ith higher v a lue of so r t i ng coeffici ents (Table 9). The 

skowness v:1.1u e s of 41 - F fi nd 58- ltD ti r e posi t ive- strongly s kewed 

tovmrds f in~ p-"' rticles \"'hile 42- D i s cOE'rsely skewed with 

negative ( - 0 .1 2 ) ske rme s s va lue. 

~[bGn the ned i :m d i Ame t er Md.0 i s ploted "'GRi nst stf"nd(lrd 

cl '...;vi~tion o:":;. (IIU'lan ' s ppr Ameter) for pyroc l l1st i c deposits , they 

p:ener~lly p l ot in t wo f i~ lds , one chp r[l. c t~T'ist ic of fall dep-

05i ts, -'lnd t h e othr; r of f lows ( l,.Jl" lker , 1971). Such R plot 

(Fig~ 11) fo r the ashes of t he Lowar Soqu~nce places the fino 

grC'incd flsh8S 4 1 - F FInd 58-1~o ins i de t he fie l ds of pyr oclflstic 

fn l l ~eposits a nd 42- D i n th~ fi e l d of Pyrocl ~st ic flow depo­

s i ts Ni t hout overlRp cl cFl rly i:ld icat ing the f<'111 pnd flow :l 

n<'1ture of t h e a she s 0 In a p l ot of Nd¢ f'ga i nst sorting coe ­

ff i Cient ( fi g . 11 ) a f ter the mann~r of Halkcr pnd c r or'sdfllu 

(1072) t o d i st i ngui s h sutrsey"m f r o" p l ini?n deposits , the 

~ra in s i ze chFlr E'cte rs of t ho rtshes fell i n the fielcs of 

distnl fpc i e s ~ 
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2.3 . 2 Textures of the UPP-3r Dl,;-cucnce deposits 

The grzvcls of the soquence gcne r~ lly conprise pr rticlcs 

of all sizes \I/'ith highly varipble El.oount. The gravel perition 

for r.! s on the evurC'.gc 600ft" sAnds 25% , And mud 15% of the COD­

stituent sizesG J..lthough t he aver f.l ge v?lue of p;r J);vels seens 

to be lowe r be C8use of t ho s i gni f i cent pr opori tion of sAnd 

and or Eud fract i ons in some s~nples , the grAvels percentage , 

however, exceeds 80% i n cer tain ~r~vels. Such as 03-D , 15B , 

17- B • and 54B (table 2). 00 the bes i s of tbe r el"tivc pr o-

poDtion of the constituents , the rrpvcls Ar e texturally ClA­

ssified O? S 5il ty , sC1ndy , 5 i l ty sflndy and gravel followinp; he 

clpss ific?tion scheme of Folk (1968) . 

The hiBh propori t i on of mud s ~nd sands in these sedi~ent8 

have reduc ed the ir RvcrRgc ~e~n di?met~r to - 0 .480 which i s 

v~ry co~rse sand , howeve r , i n all the s~mples pl otted atlen t 

2~1o of the fr ection pre coa r ser thRn granule size (:4mm) . 

Th", sorting chqrftct(;rs of these s edit1ents like,.;ise nr e 

gre tl . fl d by the w' de r enge of gr pin s iz8s. 
fI y In uenee .... 

It lies 

. wh ' ch ' s f r om ~. oorly sorted t o extr ..; -
1n betwee n 1 . 50 to 4.150 •• u 

1 ) The skuwncss VF"luc for thIJ 
m y poorly sorted (t e.bl e 10 • 

neArly ~ll sa~plcs beiog s ro­
Brav~ ls v e ries from 0 to 0 . 92 , 

ngly f i nely skewed . 

The !'1?jority of hpvC Aogular to subnn~lar grnins. 
gr?ve: ls 

C such 
oS 17- B • 05- D ~nd 17- 02 h~ve ~rpiDS 

arta in gr2vc ls n 

diS,lnying Nell r rmnd ed f eature s . 
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TABLE IG: Grany lomerric lndit~~ of the GravoiS !Up. 5.) 

Sa~le Coilrsest S l-led i an Me", Sortinq St.De ... i2lt lon S~e"'noSS Kurtosis 

t.;o. Lithology Clmicrons) "0 • • , I '. ", 'G 

03-C Gravel 9600 I. 1.1 4.11 4.35 0.' 0 . 78 

03-0 Gr<lvel 11200 -I. ~ ·1.5 1.51 C. , 0.' '.66 

05-0 Gravel 16000 I .• .. '" ' .88 .. , 0.18 0.83 

1<:-3
1 

Grave I 17100 -2 . 4 -1.2 ' .96 '.05 0.69 1.00 

15-E'Z Gravel 11200 0 0.21 Z.8 2 . 85 0.' I.!H 

15-C Gravel 11200 -(UI 0.41 I. I 3.45 C.41 1.03 

15-:1 Gravel lenao -2.t. -2.3 1.29 1.35 0.40 O. ~4 

Io-A Gravel t 1200 - 1.2 1.06 1.18 I.' 0.' I .04 

16-C Gravel S800 -0 . 3 -0.1 1.77 
, 0 0.76 

10-1 Gravel 0000 -O.b -(\. 11 2.2> 0.1 ,). 46 I.'" 
Il-A

ol 
Gravel 6000 z.> I.' 1. ~2 '.8 0.00 0.65 

17- A
04 

Gravot IZ""" -, -o.ll 4.15 4 .45 0.92 0.1 

17- ~1 Gravel 11200 -l.5 -].~ 1.06 0 . ' 0 •• 1 1.1 

17-8
2 

Gravel 38400 -1. (, -2.03 1.57 I. 75 -0 . :53 0.81 

I9-C Gravel 17100 -2.4 -I. 2.96 '.05 0.69 1.08 

52-A I Grave r %00 0 0.66 1.13 '.8 ('U.s 0,51 

51-A, Grave I 192()O -, _1.5 2. 17 
/"1,.2 2.12 

<;4-~ 
b .. 1 . -. • . " cr'" ." 

Gravel 19700 - . , 
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These lithotype s consist of on the pv~r~gc 7~ sAnd , 

1c).: br~ve l , Rnd 15% Mud fr "'ct i ons. I.s shown in Fig. 14 of 

the size frequency distri bution fo r these snnde , core than 

70% o f the r.:l'1t~ri<'lls i n f'lost sonpl es fire bt:low tht# conr ac 

sand s i ze BS a r osult of which thu me~n and medi nn v~luoo 

1 . 28~ and 1 . 17¢ r espectively , arc in the med ium s~nd gr8dc ~ 

Lilce a ll othe r sed i nents of t he sequences 1 the polyT'lodal 

natur e of the size size di stribution of these sands is soon 

by thu br eaks of the cuou18t ivo curV0S (Fig . 14). Sorting , 

except fo r two samples 08- C end 19B2 (Teblc 11) which or u 

~odcrately sor ted , for nost of thu s~nds of the BCQu~nc~ 

is poor to very po orly sorted ns· l t is indic~t(:d by tho 

~vc r~ge vDlue of 2.030. Th~ skcw~ncss valu~ is in the rRngo 

of - 0 " 16 to 0.78 which i s fron coprse skcw0d 0 strongly 

finely skewed. I t c~n be infer r ed fran their Kurtosis values 

that the sorting in the central porition of the cur ves i s 

better ttl "' n in tho t a.i ... s of the curves. 

The gr <'vel f r "ctions E', nd .,ost of the spnds (' T O nnguel r 

to s ubangular . 

Silts 

The silts on the pverRg~ consist of 67% silt , 17 . 4% spnd 

. 1 The size distribution of thesu 
':md 5 . 8% clay s ized p ro r t1c CS . 

(
. 15) The n~Rn ~nd ned inn diacetors 

s~di~~nt s i s shown in F1g. • 

~!'~ ner.rly sinilpr for the Analysed s"~ples (5 .150 ond 5. 20 

r~sp~ ct iv01y) which ere in th~ ~0dium silt r~DgC. 
ed with those for 

"ro.} r cl:"t i v0ly lovlGr when COMp~r 
t t h ' pr~s~ ce of snnd 

of th~ Lo we r Sequence due 0 0 

Thlisc vnlues 

thL silts 
frpctions . 
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TII8U:: II: Grar>ulomefrl( rndlCf~ 01 Sands and Asnes (Up. SI 

5'ln>;Jle Coarsec.;t ~ I>'(!dl ~'\ '''"Mn "orti "9 St.O.oyI1l1Ion Skew"e';' Ko.crtosll 

t,Q . Li 1,,\0109Y C(mkrons) :.Id 0 • 'I ' G ", "t; 

0":- 5"""d 10'00 0.0 I.n 3.11 '.2 0.2' 0.S7 

-" Sa!\'j 22400 .. ' I. " '.2 4. ')~ -G. If> 0.7. 

08-": Sane 2400 I. , I. :5~ 0.91 LI 0.12 0.70 

14-8 Sar.:l l";;)()o - 3. 2 - 1.56 3,17 3.25 -O.:)} 1.7 

16-G Sand 'BOO _ (.1 . 4 -0. 23 1.25 0.7' C .... 2.97 

11:-10 Sand 19700 - I.) -LIt t.:n 1.1 0.28 1.6) 

• 

19-", 53",j 700 2.7 • . 9} ." I.)) ~. )2 I 2 

'. 
r 9-8

2 
':3110 "'" '.2 '.1 0.15 ? 75 -0.16 I.n 

,,..., 5a'1I:: 5200 I. , 1.36 2.01 2.0 0.'" 1.19 

5::· A SM' esoo 0.' 1.13 >.> 3, 65 o.:n 1.0 

6j-8 S004 12000 I . , 1.65 "'. 3,57 0.19 I.' 

f;,'-G Sand I ,,)00 •. 0 t. ;) ,. ,. ,., 0.29 I . It 

_3_0.. ';sto 20000 _0,0; - 0.03 1.83 '.0 ." 0. S5 

O~,-A, ASh 2?;400 -1.6 -0,0) 4.05 • 75 J. ")1 ::1.61 

r:~-c 20000 _().5 O. 'J} ',03 2.85 O.U I. , 
A" 

I (i-A 50 ,., ~ . ) O,6e ).55 O.~'8 I. '6 

A'" 



( 

- 75-

I 

I 
I 

=+--=-

l 's~ 
- ...----1 .. 

.. 
~ 

I 
I 

+---1 .. 

~-:--­
_I ,---- -tt-hLf----l----I------!" 

,--1----+---1-----1 .. 

' S ' S " 

/1 
I 
1 

t 

I I 
I I' 
I , 

• 
• r 

• , 

, --,...---1 .. 
--+ + ••• , 

--I so 

_:--_--1 __ -1, • 

• 

• 
L • t , 

• " D 

rlq , $ CI)IoIIUt..ATlV[ CIJlltVU Of' 11'10'''- SIU DISTIII.UfIO
NI 

'01 "'~ • sn.f' 
Of TH[ uPf'U U:OU[NCf 

VALUES 0' DI,uf(T£jd. 
cutct..[O !tUMUltS ,1II00eAr[ 

• 



-:It_ 

, 

T~t<l£ Ii?.. Gf8nut()r'l!lTriC I"dices of OI!JTOIIlitos end SI Its (Up.S. ) 

5a~le Collrs(lS t % Medi ~11 Mr'1I11 Sortl "9 5t.Ocvllltlon Skewness Kurtosis 
N,. lithology C ("'( crons) "'" • "I 'G G 

07-A, 01 atomite " '-' 6.43 1.47 1.55 O. }3 0.81 

08-0 01 atoml ta 50 '.5 6.76 I . 7'l 1.65 0.23 0.86 

20-.'1. 01 !JtO'l\I to " 5. B 6. e~ 1.99 2.2 0.43 1.72 

52-" OiatOt'lite " 5.0 6.13 1.39 I.' 0.26 D ... 

52- 6 Diatomi t e 23.4 5.2 6.46 1.44 I.' D." I .DO 

52- C Oi atomi Ie 2J.4 5. ' 6.43 1.40 1.35 0 . 18 1.03 

• 52-0 01 !Jtomi te 23.4 5.15 ,.,. I.' I., 0." 1.1 

53- 53 DiaTomite 23.4 5.' 6.16 1.1 1.55 0.61 i . 17 

I.o! - A 5i It 15CO '-' 3. 52 3.13 3.5 -0.14 0.63 

16-tl S.I 1 t 125 5. I 5.1 I. 55 I.' 0.0 I. I. 

16-J 5i It '" '.' 4.53 0.9.1 O.8~ -I). Ill! 1.07 

'1-A S j If 87.5 5.' ~ . 46 0.95 0.5 G." ).14 
~ 

O. t} 2.' t7' 5i It 3Xl r,. } 5.3 0 . 92 0.5 
01 

t .15 t. 15 -0.3 j.17 17-A 5i J t 150 5.2 4.83 
03 

t.48 1.45 0.c.3 1.2 17- A
I 

S i It 47 .. , 5. ~O 

"'" 
0 •. ? 1.98 t .15 -0.00 r. ,7 

')2-'1.
2 

Si 1 t 
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The vplues of f' ve r <'.ge:. sortine coeffi cients eYhibt~d by 

the ~n?lyscd s i lt s~mpl es ar e of 'h " e order 0 . 920 to 1.980 

which ind ic?t~s Mod~rat e to poor sor ting . The skewness is 

olso veri "b l e be t ween - 0 . 09 And 0 .63 Wh l· ch· . 1.S 1.D the rAnge 

of nc?r symnet rical to st r ongl y f · 1 1.ne y skewed . However mpjo-

rity of t hem show ne8 r symmet rical di s t ribution . Like tho 

silts of t he Lower Sequenc e , they have l ept okur t i c curnul~tive 

cur ves which nccor di ng t o Folk (1 968 ) i nplies better sort ing 

of the central por i t i on th ~ n the t nils . 

Di ['torr. i te s 

The cti~tonit~s of the Upper S~quenc~ Rr e fin~ -BrAined 

and are esscnti81ly conposed of silt ~Dd c13Y si z~d pn r icles. 

Th~ studied sampl es ~r0 e spcc i ~lly narked by A predo~in~ncc 

of silts aver aging 81%. The r est i s r.ade up of ClAY ~nd 

sRnd f r pct i ons , of which t he fo r ner i s dnMin~nt ov~r the 

latter ~ This f inc gr a i ned nature of the di atonit~6 i £ rof­

lGct~d i n the i r ncdi nn [' nd nann di1~ct~rs (t~bles 12), th~ 

D.v'.: r~ge of which i s f ine silt 6 . 11.0 rond 6.46.0 rcspt,.,ct i vcly . 

However, ",hen c ompCl r ed with thE: ct i fltor1ites of the Lower 

S~quence, the d i ~to~ ites of the Uppe r sequence Brc ch~ract~ri­

zed by r elnt i vely l ower 0 val ues of ned i Dc , ~ nd ne~n diAocter , 

s'}rt ing coeff i cient , and standp r d devi l'!t i on (t~ble 12) , b~ing 

re l Rt i ve1y coar ser, with (I tendency to be I'loderrtely sort\":d. 

i.1 though they ar e dooi nantly const i tuted by silt sized fra ­

ctions , t hey ar e poorly sorted as it is incicrtcd by their 

sortin~ c oeff i c i ent v~lucs (on the 2ver?ge 1. 590). SkCWuDOSS 

or e relAtively hi~hcr than hos~ 
vnlu·,:os fo r these l i t hot ypes -

f The r ,"nge is from 0.18 to 0 .62 
o the Lowe r S~qu0ncc . " 
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(fint:ly Ske\'led to st r ongly f i ne skewed). 

1·.ll~n the TT10 an or medie.n di "'\!leters nrc plotted agrinst 

the sorting or stand~rd devi nt i on vplues fo r t he rl i ptor.Iit~5 

of the LOi.wr Elnd Upper Sequence , because of t heir differ ences 

in th€: averap;1d sizes, they are see n to be sepf1r ated without 

ov~rl~ps , the Lowe r sequence di ato~i tes occupyi ng the r egion 

to tho right of th~ d i<? t orl i te s of the Upper Seauences . Thi s 

fact is plso rcfelec tcd in t he plot of coarsest per cent i le 

' c t "g.? inst T'lCdipn c. i F.nctcr pccordi ng t o (Passege , 1957). I n 

this ~,lo t (Fig 20) the d i pto:"itos of t he Upper Sequences or e 

conC0rnt;r"tec nearer to the lirlit ing l i ne C=M t hen the di a­

tooites of the Loyrer sequence ~ The ne('l. r ness 6fi these dip­

too itl;;s to the li 1"liting l i ne C ::: ~~ i ndicDte s the te ndency of 

the Upper Sequence di·~ toT'lites towft r ds bcttST sor t i ng thnn 

their vquivplents of the LmV'er Sequence . 

1 d ' lay. 
TIl':; pshes of the UPpo;) r Seque nce F;ene r el Y l SP 

f "ne fsh pnr t i cles . 
spectru':J of sizes froT'] lepi lli size t o very 1 

d of 3 ~,~ l l'1oilli , 30% COR r so 
On the ~V()rpg8 they r> r e c onpose t:..1_ 

shown i n Fi g 15 the size 
ash :,nd 3 '11£ fine E'-sh f.l~teri(1 l s . ;15 

d
" of the Upper sequence, nr e ftppr oxi -
~stributions of th8 ashes 

mA.ted by curves , usually br oken into t wo or thr ee par ts , on 

have polyr.odnl dis­
~0~ns t hnt they This probability pepe r . 

log . is [\ 
1973) epch of whi ch 

tri butioDs, (Yf'nDz,qki , at?l , 
s"~plcS plotted 

then - 2¢ (400) . 

nore thAn 
nOrL~l distribution . I n al~' the 

Both the 
BOOIc of the rl?t0ri"ls f1re sM?lltlr 

" f1.. vplu~8 

f 
1811. hAve lOli ~r p 

nCf'ln sizes except (ir !'lodiE.n <'1 nd 
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(t .nbl" 11) , with the ave re~e of - 0 . 86¢ end 0 . 15¢ respoctively. 

Th ..... mt.::Fll and r.!ecl iun vnlu::,s fo r sP1!Iple 18A are higher. 

The sorting ch~ra cters of the se Ashes ar e very poorly 

sorted \-l ith v Rriable sorting cocfficeient value 2.830 to 

4.050. The sk~wnc ss v['luns for nIl the ('shes "ro positivo 

2.nd v<'l!'ics f r o!1 finely skewed to str ongly finely sku wed I 

the pverage skewness vnlue i s 0636. Th(! ash sanple 18A 

is dist inct in its t extur8l chpracteristics from the three 

3sb s8oples . I t is ch~rncterized by higher ~e~n ~nd nodiAn 

v~lues, and lower vp.lue of sorting coefficients (0 .68¢) 

""hich is mocter2.te ly \"011 sorted • 

\.Jalke r ' s (1971) diagron of 11d¢ ,~p.inst 1(; (Fig.11) 

s e p :-'r:->r.cs these asho.!s into pyrocl?stic flow cmd fpll deposits. 

J.sh.,s 051. , 05C pnd 0313 plot well i n the h elds oCH ows while 

181,. falls in the f i elds of fp11 cleposits. \.!hen the Borting 

coefficient is plotted ef,einst l'1d¢ (Fig . 12) "fter \/plker 

(1972), only the fine ash (181.) displ,ys feotures of ho 

dist31 fncies, while the other 3 sC1<1ples lie in the rl.!gion 

" 1 "nri, dl· st,n l but oore nCflre~ to the 
'J et~:cen tbe pr oxina < li 

proxine l fpcics. Th is nAY Suggest thrt they probflbly r~pre-

sent the mar gin?l pflrt of the proxicrl fRcies. 
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sumMery of texturGl descr i ptions 

The gr:- nulonet ric study of the :.dni Tulu sedi;J nts show 

f \"'ici:: vR.riation in t he textupal pfl.TRoeter s . ..i.Vdr~gt.: sedicunt 

size r8ngcs f r oM v ery COA r s" sand to f " ~ v~ry l na silt. It 

will be noted f r oli! tA.bl o 13 tht't the s cdioents of the upper 

scou~nce ar e rel~tively copr ser thAD the ir correr sponding equ­

ivale nts of t he Lower S~quence o This mRy suggest th~t when 

the Uppe r Seque nc e sed i r.J.ent s wor e de-posi ted , thor .,) probably 

wes a continous and r api d supply of nate riels to th~ b~6in 

~.tith l ittle or no r eworking . 

Th~ st8ndAr d devi Rt i on val ues are highly v~rinble bccnuse 

of \'Iide v pr i ?tion of s i zes i n t"ost l ithotypes. Nt1arly 811 

the deposits EIre posi t i vc.: ly skewed and arc in ge noral poorly 

sorted. The pos i tive skewness and poor sort i ng MPY r~flect 

tht.' Ipck of wi nnowing current act i on. LO\iCr sequence sod i ­

mG nt s are lRr gc ly ncsokur tic whi l e sedinents of epPlJr St;quence 

nre 1 8rge l y leptokurtic (tRble 13) . 

The polynodality of t hese sedioents pprticul"rly of the 

coarser sBd i rld nts i .o. sRnds nnd f<;r?_va l s is shO\offi by 'tIropks 

" (F " 9 13 "nd 14) How\Jvcr , this 
~n the cunal<'ltiv.3 curv~ s 19. I " • 

1 tb t parts of the st.;di=l~nts nch i cvccl 
oay ~~t necesspr ily imp y P. 

their sort ing elsewhe r e i n p high- t:Ddrgy environocnt , ond that 

nssantl"nlly with the ir siz~ cbrrnct~ri -
they w"",re t r C'.llspertcd ... 0 

1
" nto "Dotber anvironncnt oS Folk pnd ' if'rd 

sties unmod i f i ed ." 

(1957 ) suggested fer Br "lzos River bt:\r sediMents. 
Rut ra ber 

it could be duo to the nearn0SS of th~ source. 
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T,46l.E 11; SUII'f".]ry of TeKtur!lI Ch!lr!lcterl5tlc~ 

, 
T (>Ktur!ll Gravol 
Ptlrtln!ters No.of Sa~l~ Sllnd Si It rll atQIII; 1ft ''', , '" 

,,., "'" "'" 
Sorti ng ,,., , "' 4 PS , 

'" 
' ''' ,1<5 

lower 
Sk~'ness '" '" SF-NS CS-')fS 

,,,,. ,. De, . 1.7-3.26 0.8S-1.8 I - 3.15 0.6~1.e5 

Kurtosis ., " w,-p~ L--MK-P,,; 

!olean 0 ,., .... '.0 '.e, 

9VPS "5VPS '''' Sort ing 9 FS , ,oe 
'<i 

" • 
• Skewness srs -';F. N:'-SFS SfS '" • Upper 

S.Dev O . 5-4.4~ 0.15-4. 'i!.> 0.5- I " 1."5~ -i. 

S",. 

'IK 
,,, ,K "', 

• , !(urtos i s '"' 
,'< '" '" "" 

ilK 

Mean 0 - 0 .48 1.28 5.15 {,,46 . ' 5 

Herta: 
TiS - nlc.' 

VPS '.'Y poorly 50rll'!d n"lIr -:;y 

PS poor ly sorted t> !;.Oarso 51< 'W* 

IK- leptok ,t , 
MS lI'()dera1"e I Y s.ortcd M< _ melOO~ .. rtlc 

SFS strongly f i nety sk~O<l PK _ pla1yk,,'" c 

FS f inety skelOloC 
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nature of the pumice pebbl~s ~nd the hoco~eneity in composi­

tion of these scdic~nts ar e in favor of short trpnsport "nd 

nccrn3SS to the source ~ If the seoinents ~re nbPr the s,urce 

of the sard, they nre charrct~ristically leptokurtic ~nd posi ­

tiv.:;ly sk0 .... 'ed (Fo l k and ~ip,rd , 1957). The sands of both 8oquon­

ces pre in general lcptokurt i c Emd pl)sitively skewed (tpblc 1.3) 

in agre~~ nt wi th thi s stateMent. These considerRtions may 

suggest th2.t sor ting w~s pri~r ry and polyoodality r osul od 

only due to the var iation of the s i zes of initi pl 9QUrCe 

ffic:terif:.ls .. 
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3. Or~ani c M~tte r St udies 

Because of the pbundant l ' papu ~ tlon Fr ound their shores , 

pp.ytop l;mkt on i n their near sur ff'ce water s , soma .. of the orp:f' Dic 

o0tte r de rived from d . ~ c 8Ylng of pl ant ~nd an i oRl or~~nisnB 

b~ come incorpor~ tcd into I pke sed i ments • 

The or gAnic matter i ncor porAted i n lA ke 5ed i~c nt8 ~ccor­

ding to Egl i nton (1969) mq i nly cons i sts of cpr bohydrAtca , 

l i gnin , glycer oi dc s of f At ty Acids ~nd wAxes , nno r eai B. 

The8c , l ? t te r ~s a r esult of ~icrobipl pcitivity pcd nhysic o­

chcuical p r ocesse s occuring in sddimcnts ~rc dcr.rnd~d ~ nd 

f oss ilized to H20 ~nd CO2 but th~ ~ost st?ble co~pound8 ~ro 

preserved FS conDl ex der i vatives such PS hu~ic subs nnces 

(noi nly Rllochot onous) DDd bi tuMoide (nuthocbotonous). 

Terrest r i Al or ganisDs mDi nly pl~nts r,ive rise to hunic 

subst ~ nc o . Aqu~tic organi sos (phytoplankton pnd zooplpnkton~ 

gi ve r i se to bituO.l0i ds. The hUMic subust fl nc~s L'ltl.y withe ond 

ox i di zing anvirorlcnt while t he bi tU'1o i cis mpy be pr cslt rvod 

only in r educ"";i ng envir onment. Ht.! nCE1 tbe presence f')f hu~ic 

substnnces in sedi me nts in gcn~rnl indjc~te on oxi~ing ~ nvi­

r 0nnent , ~rea s of m~ sS input of ~lloehotonous n~teriel , ~nd/ 

or p~leo s ol hor i zons. In r educ ing e nviron~ent tbe ~u ocho 0 -

nous Qat e ri vl wi ll be pr eser ved ~B bitumoids (Wnrner, 1970) . 

The quantity and type of cl loebotonou6 (buries) nnd "uto-

chotonous (bituroo i ds ) of tb~ inc orpo rpt~d orepnic nr ur in 

sedi~cnts chBr nte r i ze the environncnt Rl P~ssw~ys of d tritus 

int o Br 0RS of sedimcntrtion ~ nd prlcoS01 hori zons . 
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The presence of 0 " rg~ nlc n~ttcr i n the sedinents of A~RCi 

Tulu "ms suspected from the observation of d~rk brown coatings 

on SOrle pUI!J. ice 

f i eld by using 

grp.vels ~nd the pr ese nce was tested in 

5% sadiun hydroxide which usual ly turns 

ho 

rownlsh by the di ssolved or ganic MAtter. yellowishbrown or b . 

Prelirnin?ry fi e ld t est convinc ed the existence of humic sub-

st~nces in the se 1 8 custrin~ depo61"ts end the rna lysis conti-

nued in the l aboratory. 

Methods of Study 

The pr ocedure fo llow~d for the organic ~ntt~r oDA1yeia 

wes the "e ll known netbocs described by Flor ovskpy V.N. (1975) 

end Eglinton (1969). 

After p r cl i n inp. ry field t est showed the existence of 

hu~ic substeDce s , 33 s~oplcs suspected for their cont~nt of 

orf,8nic IDBttc r were selected for l~bor~tory 8nAlysis . The 

pr ocedur e followed for the anAlys is ~ives seci-qu~ntit ~ti~e 

r esults nnd the schene i s outlined io Fig. 17. For crch 

sample 4gms of the 1/4mo si eve fr~ct ion WRS trc~ted by 5% 

aOH ~nd was allowed f or 24 hours. Bxt~cts were used to pre ­

par e prel i ninary et al on collection 'tIith fixed (known) con­

centrat i on of hu~ ic substRnces. The p~ount of hurus was 

det~rmincd by colorimetric method. ~he er ror in the de crni­

aation could he high froo individual 0 individuRl ond the 

results Fre therefor e only seni-qU~Dtit~ ive. 
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Bi tUl':i.o i d s "'le r e il l so detcr r- ined by trcFtiDP.' tb..: !1p .... e 

saDples \~· i th chlorof Jr "l1 &nd be nzine . Th~ amount w('s dctdr-

~in8d seni-quant itFtive ly by we i gh ing the filte r p~pcr extracts 

and conve r t ing t hi s t o 100% . 

NoOH 

Rock San~le 
I 
I 

Crushing 
I 
I 
v 

Sievin~ (O.25r:lm ) 
, , 
t 

EXtrpction ---
Rnd bonz-.:no 

(hu~ic substp Dc e s) (bitu~oids ) 

./ 

,- schone f ::l r 

Chlor oforn cozine 

,). 
(hyr ocAr Oons rnd th~ 

like pr oducts) 

I 
-!, 

(resins poel 

ht3 nvy 

hydrocl1 r boDs) 

f orFTPnic ",:ptter t he de t er~inption 0 
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R~ sul ts pnd Dis('ussirm 

~h", result of thl ol' f1; Dnic [lr. tt ...: 't' Hnl'llYEis of t ho ,3 

s;"'lplcs is sUl'1r.1pri z€d in t f' '!"lle 14 _ In ~Py of th~ ~ nl'l ly8cd 

s r'!' lp l vs :!, r CJccnce ()f or r,flnic 'llr tteJ' vl "' S (hj t ~cted ::.nd nost of 

t ho O!Tcnic jI'!?ttc r bc lonp; to hU! ~ ic subs tf'nces . ThIJ ~ nr) nt 

of hU". ic s ub s t A.nccs i s in th .J r "'np;e of .O.OO25~' t o s l i prh ly 

aor o thr>n 2.59! ~ nd b i tumoi dn neve r ..: ){c-.; ~d 0.09"1c . 

The orrp·nic Mrtt~ r occurs in disnt.: rsod f 0 1'.,5 '"' nd (' 9 

f r o p r e s ent in the CQ i rSer r;rFl i ned s cct i nt-mts i. 1;; . in Ftr llv<..: ] S. 

The 8sh .] s nnd fine ~rp jned ,s udiMc nts wi t h f ew cxc t!p t ions Ar !.: 

p<:-rct iCt' lly poor. However , SO'1e (U l1 t onite.s cnc s ilts contni . 

r e c ()gni s['ble em ~unt s . The dirtoqit ..: s "-:Dh: (41.5) f r nT"] tho 

Lot.,le T' S t: quencc coutpins .:' bout 1 .25~ hU!1 ic sub ~t,.. necs a This 

diptOTli tv i s ove r lft in by f.sh l ~y0r whi ch in turn i s 'JvLr l"in 

by the: bro vm silt with high D.J1o unt (2a55-, ) of ~rg' nie :>""'It ~r. 

Th(: or p' .... n ic "l .? tter in this dint";!:Jite " ccu~ l [lt&cl j"lr obElbly 

~ftcI' b'J ing filt e r ed COHn throuGh tho..) :Jsh l r yuT ove r lying i t . 

Thin lRyers of or i! r nic l:~tte l' occur i n f ew t:rf'v~19 r nd 

in 6 .• '1(. silts c f the liDp ~ r s e .. uencc . In ~;i l t Sf .plv 5;B1 

( pL, t~ 7) in pf'rt icul p:r , fS nescrib,Jd in s' e t; i on ? a 2 a ~ a 3 1 
nt ,,1 th uf"h the t h r ee l ~ yers of o rE~ nic nptte r {' r o} pr t:<·t,; . 

. d· . . 0 b; uh t h OV, r r l l I'IVu r "'F'''' C n-
~n ~v~dup.l C0ncentr~ t l ons ~r · r ' ~ 

tent o f r) r p:l"lnics in thtJ SAmple i s Dot va r y h i r h r.nd 

0 .06,)( • Th i s figure 

.... r c pot d~te c t cd . 

hUT. ic su'hstn nces "'D~ hi u..,,,ids 
is f or t ho 

Tho 
tb pt the or~"nic ~~ttcr i 

bit urr;o i d s h;d t o t:r. o P SS tH1 tj (m 
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TABLE 1'1: Results of Organic NaHer Mli lysis 

S3~'e Humic Sub- SI tlr-DI els J HllIIlc I No . Uthol29'L stences (O'l lorofOf'll'I c Ext. ) Bf t Ut!lOI d 

04-0 Sand 0.0025 O.OOC>15 I.] 

42 - A S lind <0 .0025 "' II villi c. onl y 
0 4- 9 Oi <!Itoml ta No 
04-E Oi a'tomi Te "0 No 100 : I 
58 - 8 Oitltomite <0. 0 125 0 . 00025 ... 5 : I 

04-F 51 It 0.0025 No hu ml CI on I y 

41 - 6 S i I t 2 . , No hUlll lc s on l y 

42 - E 5 i It No 0 . 0 12 81 tU lllol els on I y 

58- C S r J t cO . 0025 0 . 012 .. I: ' 

42 - 0 '" <0 . 0025 O. 0075 I ::5 

58 - 110 Tuff 0 . 090 0.012 Bitullloids only 

0 5- 0 Grave! 0.0025 <"0.0025 I: I 

07 - 8 Gro!lvel 0 . 12 

08- A She I J Y 9 1' &'1'& 1 o. , 0 .09 10: 1 

14 - 8 . Grave l 0.12 0 . 0 25 48: I 

15- 9, Gravel <0 . 0025 0.08 1: 32 

r 5- 8
2 Gravel <0 . 0025 hUMlcs only 

I 16- 1 o i &tolllllceouS grll ve J 0.0025 humlcs only 

17 - 8
2 

Gr& va I <0.0025 No hUl\llcs only 

Gravel 0.0035 humici only 
19- 6, 

0 .002 5 No hUllllcl only 
53 - '" Grllvel 

08- C SlInd 0 . 0035 .huml CI only 

05 - '" '" 0 . 035 0 . 035 I: I 

<0.0025 iHlI'l1i C 1 Olll y 
18-A ,,' 

0 . 12 0.0035 34 : I 
06 - 0 Dia t omite 

hUMlcl ollly O. 0025 15- A S I J t 
hUM' CI only ... s I J t <0.0025 16- 0 o i atoll'la ceous 
hus' cs Oil Iy 

16- F 5 i It <0.0025 

17- "'03 <0.0025 hu.lci only 
I 01 a tomliceOUS 51 It 

0.06 No humlcs only 
53- 6, 01 atomllc&ous 5 I It 
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thi~ s il ts is ~ f "llochot onollS origi n supplied to the l~ke 

by P f,·,,·ll 1 0\1 ~ pe rfY ' d T1Ver urin~ the dcpnsi t i on of th~ s i lts. 

I f so , i;h~ n the t b r l,.;E; 1 :-ye r s may in(iic ~ tc three successl v',,: 

T).:lrio(ls of or g? n i c tl"ttc r innut f o v f\ ri r, b lu ti.,(;: BS t:v id~nced 

by the €?p b e t wee n the l ?y-: r s . 

on the ir solubility i n ~ lk~ l ie 5 , ~ c ids nod r l ochol 

( stevens on C!nd Butle r , 1q69 ) d i vi ded hu'~ i c su'1s tflnces into 

hupin ( inso lubl e in none of the r C:>1 fc nt s ) , f ulvic nelds 

( so luble i n pl k nli ~ nd ~ci~ s ) and hun?t ome l nnic re i d (Golubl~ 

in F' l kp.l i nnd f"J chhol) . Tc s i tnp: t he ext r act s Hi th HCL "nc 

:-> l c:-hol ( C2Hr:: 0.4 h 'w e shmm tbe pr esence of f ulvi e ~nd 
-' . 

hU71.Flto,e l ... nic a c i ds \,rhich inc icAte s t he he:tur oP:cDCI")U5 chrrn -

c ter of hunics r c l fl tivc to t he init "' l s;'Iu!'ce ',ntori :1 L 

i~l though th...: pv er Rf,e ;mount of huni c suhs tr nces i s Ii ttle , 

Z'Jncs o f rc l a. t i ve l y h i f,hc r c onccntr~ tion wer>.! obs~ rvcd fron 

the n E' l j' .s i s in both se quences. The f irzt on..: i s in the upp~r 

pf"rt 'J f tht: Uppe r La cus t rine ~r8ve ls ( sa~ol ~s O~il , 08D "' nd 1413) , 

.~nd t~E: ,)ther is in tho bro\lm s i l t FI t tho bott on of thtJ c'Jlunn 

:')f t;ha Lo t'.'e r 3e oue nce ( S?tIP] oj 41 E) wh or e th E:l bi ET,hor concu nt r '1-

t i'Jn of htl i e s i s de te c ted ( tnbl e 14) . 

t comp-rt l' ve ly i n snell pcount ond 
Bitun o i d s p.r e pr eGan '" n 

r ;, r c l y r~ ['ch(": s 0 .. 09% . Tb0Y ere not clJtect~d in ~ll li thologie 

vtri l..oti,-: s {'I nc f' ppr ec i f1bl e amount s pr e spot tt::d i n the very fine 

grr: i ued s e d i n c nt B s uch r: 5 siltE f\Dd di" t o·,itcs . 

Fron t h i s p·'c lin i nf' r y s t udy , nl tbOugh 
b~ dct r'in" ions 

;-o r e n·:-t fa r 
i t "or l; of qUJlli rtivc 

fror:1 e rr3r fl nr. t" h0 r cr-u 5 flr~ 
. r~li r ions c~uld 

qupnt i t oti ve , th~ f o1 ] QWlnf" @:t!f!':: 

• 
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1 . The or gAnic tltl ttt:l r i s pr ese nt i n t bt:' s ed imonts of 

tb~ re~ion wi th vn~i~bl e p~ounts. 

2 . The n r ed o l;'! i n anc (;! of hurlic s llhstfl nc06 in nos sedi-

ments i s em evidence of the allocohot onous chp,rf'ctc r of tho 

urg8nic . r.0 t t e r Rnd indic~ te s t he exi s t ence of oxi di zing COD-

d i tions in t he bas i n of depos i tiOD ( \le r ne r , 1Q70 ) . 

3 . The prese nce of CODcentr Rted for~s of or gODic mo t tor 

as tb i f! l ay e r s rlAy .i. ndi c llte period i city i n the f orI:lRt i on ond 

acclJI'lUlat i on of tht! or {,"pni c mfl tter s . 
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~ . Discussion of D€!pof;itionHl ":n ' t c. .VlrOD!"1e s 

Tr~; In0 chpni SL1S ['·nel cner RY of gr ain trf'nsport And tho 

enVirOD:-1e nt in which the scdirnent~ were f orr.t,;d I'lu r e "n£llysed 

""ito th" usc of !';o ioI R- \'!ciser (1 968) rnd pASoegA (1957) 

di!>gr,~r\s f~nd with the T:le thod of sedi f'1c nt,qtion onvironoe nt 

i nt(.rpr o t pt ion b P S E.!d on the dist r ibut i on of grain populn-

tions (Pi g s 9 to 16) with Visher ' s Me thod (1 969). 

Tho t extU!'8 of s ed i!1dnts r<3flects the pr ocess of dopo-

si t i oD o f the s oc:! i ::wnts. ' C I, the :'lPXi'llUD gr"in size Clod ' M I 

the illGd i Bn ~re chpr ccter istics of denosit i onnl Ag~ n Tho 

C- tI patte r ns Po r ..:: r-cne r .l" lly shf'rply dtlfincd and vp.ry cODsi­

dor,'::b l y 0 i th th~ t ype of depositionp 1 "lgl.! nt (Pnssegfl , 1957) . 

Li tholo~ie s of the J~df' :: i Tulu scdincntf: ar a d01iul'tcd 

by volc8nic MPt .;rifll e ssentially pur ic f)("J us . Tht) ':Jost i ['l-

I •• s l' lts r' nd di..,tomito6 },>ort,"nt litho l ogi e s p r(~ r.:r ~ve 5 , SAn l l
, , 

• t of tho deposits ch"n£e s little '''i~bin nn\~ the /gross chpr8c c r _ 

i nr1ividu~ l l i thol a p::ic gr')ups for both sequ",Dces . For this 

, 1 envir~nn~nt is given fo r r 0 f 'SOI'! d j s cussion of (1.apOs itlvnr. 

t he lith:Jlogic gr oups in gene r al. 

• 
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GrC'vcls 

ffhe plot of !:le(l i an (i"Id.0 ) ::>f:'~ i nst 
~ co~ rscst nerccn ilo (C) 

U i;>: 1(2 ) "ftor P~ssegp (1 9 57 ) sro>!s tbp t 
~ost FTPvels follow 

a ~:'tt o::) rn Si-li l..- r t o th.,t shown by r i ver s edi Mo nts . ', l"lost 

0. 11 st""!ple s 3r e conc ..:.: nt r 1" t ed in t h .... t p~rt of t he pn te r n in 

Hhich the: t r PlDSport of these cop rs" r t ' 1 ' ~ ~~ o r1A 5 1 5 hy r oll ing 

suspuns i on 0 Th e me ::m and stf' ndClr d dcv i nti on deocDdenco 

Cr.' i~ ~ 19) o f Po i ol e- t /t.; iso1r ( 1968) of t he E' nalysed SAlllp!OB 

~ ls() r ives p r o jection points \Jhi ch ~rc f'los t ly C (lDCe ntrDt~d 

i:1 the s(;' ct i on of river s cdiTJim ts cxct:'o t f or sAmr-1u6 15B1 , 
17B1 2nd 16 - 1 l,rJh i cb fe ll in t h ,! be ac h s .... c t ion . 

Th€: fpet th::> t thQ nrjot'ity of th e gr pvdl s ar c r olAtively 

r ich nr in ~- ul.l i c subst :"' nce s derivod fro., t err c:!s t riRl vc g~t· ion 

c 0u l c ~ lsJ b0 ~dd itionn ] ~virencc for thu ir f l uviAl ch~ractor . 

~h ~r 1 b " tly occur "S l' nt,) r""eds wi th i n th_ di"tl) -~ u ~ [V~ S W le n ~o s r V 

""I i t·~ s or d i r tOf'}A CeOUS silts ;"I nl, hN'E!v <J r , i ntor pY'u t ed to bo 

r, r obr.bly of s h <1 11o\.1 wpt e r l r custrino flS t hey nr 0 rich i n 

sh:ollow fre sh wi' t e r shel ls of frl Stropod s And bi vp!vos . The 

accUl'ulet i Qn of t h e s e she lls i n ;-;l? SS in relFtively thin If'lyers of 

t hor e ~, u~t hf' ve b~~n D~SS dcrth . BRsud Rr Bvels sugfTo sts thpt " iO ' 

, gr pvel s h~vc b~ D suppl i ed 
on the essu;1p t i on th .., t the puml cc 

b been ~rurtcd fro~ the 
t :~ thE) I"'k", b v r jver s 2fte r thoy ~ve 

in tp to ~h',sico-che-,icnl 
C')nC IUTc nt vo l cp ni fl ctivity , p ch;mrc 

~ ;"'. ch r: c"'''Pv'c 
h l ' be inf0 r~t; . i:> ~ ,,1 "' nc~ nf 1-be l r> ke wrter C"l1 . 

d th find rapi d cont;eq u, nt 
could pr obAb l y CA.use the s udden en 

, 1 ~ with t ho rrpvclo . 
deposit i on of thcs \'; or gr n1St'lS [I ont> 

• 
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The n8 te ri~ls of the gravels like other lithotypes in 

the regi on ~e l~rge ly doniDPted by puni ce. The poor 

round ing of ~ost of t ho pumi ce pebbles of these ~r~ve ls 

inspi te of the i r soft find fri cble DRtur e , suggests thpt Most 

of the i1 ~tdri ;" l s have not beon trPDsnort cd for lotlp:cr distn ­

n ees. Some gr ? vels (og. 17B1 flnd B2 ) , howeve r , h{1ve h igh ly 

r nunded pebbL~s of pUMi c e ~ nd basn.l t f'nd the effe ct of r e -

\vorking 1 8 seen in the pUr.l i cc FtrFl i ns nltorinp: them to yellow . 

Except f or thi s the r.1F1jority of the gr pvols hpvu ralptively 

f ...... 3Sh pUf"l i c e e r n ins \<:h ich i nplies t h,t the deposits h ~vc Dot 

suff'0 r ed Mu ch r e'v-lOr ki ng. 

In sliMmt>r y , the n<'jod ty of t~a p'r~ve l s pr e int .. r pr oted 

to be fluvi~ l pl thou(ljh f O"'1 of' tbo" (' r ll sh .... llow l"'custri no 

( be,- ch) d~posits . 

SA-nds 

The sf'lnds of tho ft ud y Arot:' 9 owod di st inct ppttern on a 

C- M di egr o" of P?S Bc ga (1957) . The plot on Fi g. 18 shows t 

thE' t t he !:lA. jority of the sAnd sr.mplcs f ol lowad ~ p1'ltte rn 

shown by most r acent f luvi nl depos its. This p~ttern su~ges s 

that the mechpDi sm of tr?nsport for most spnds to be by sus-

pens i on , th e prr t of the pptte rn Tcpr escnting the ~r~ded 

suspensi on being long~ r thnn the Phvt of thu pattern re r e­

senting sed inents whose pprticles ~oved in rollin~ suspansion. 

Coprscr prrticles l'p t o BOO J"'Iic r ons wore rble to be tr~DspO­

r t .:d in susPt:!nsion by the dcnositin~ river . The "nplysis of 

t he shflpe s of c urves ... lith Vi shf:l r's oathoct (1969) bpsed on thl;;! 

~ .... ' 
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gra in p opul pti on of Fi g . 1' l- inci i c At ed ,t ha t most of t he 

cur V3S ~ re mor e or l es s s imil Ar t o th os e of fluvi ~ l deposits. 

The USe of such diagr~ms l ends to R conclus i on th pt ~05t 

of t hu s pnds ~ rc pr obpbly fluv i pl And t hr. t they :"' r d poss i bly 

c1 epo s i t ec. (luring' the p t;: riod s in wh i ch the l eve l of the l Ake 

wa s 1 01-.'e1'eo. Lflkc l ove l f luctu .<'l t i.ons bfl1fe bee n r eported i n 

t he r Of"ion (l'il son , 1C)40 ; Mobr , 1966 ;1'NDP , 1973 ; Ge ze , 1975) . 

During these perio~ s deposition al ong t he ba t ches of t ho Ipko 

coul d be pr obnblo . Certa i n spnd I pye r s e r~ observed to be 

ov .:r l F' in or under l e in by d i rton~ceOu5 Bt: i l'1ents . .$ i s (,.cX-

~oct ed such r i n t;: gr r i Dud s odin o;) nts Fire fro r ned in qui e t woto r. 

Obvi ously ~pin di ot omi tc hori7ons ~ ro obsc r vod ~ he undor ­

l ;> i n,by f ino rrt've l or p:J'A v(l l l:'T sfl nd ~nd i n Rome pI A COS 

(loc pl i ty 53) t he depos i t i on of d i ~t?~ites i s m~ rked by th~ 

depos i t i on of . s ends e110 p:TPve lly si l t i nterheds '"' f to r which 

t hen the inc r c fl s e i n t ho lake l oJv e l .,.IPS i nf er r ed by the 

dODos it i on of the d i p to~i te s . Th e SAnds r nd gr Avels that 

overly ?nd unde r ly th~se f ine ~8 ined scdicents could t he r e ­

f or e be f or Ded i n the sh r llower ( t-ef1 ch ) p pr t of th~ l r ko l . 

dur ing such fluc t upt i ons . This could be a pos s i b l e oxpl nnr ­

t i on f or S OOG s ands t o pl ot wi th in the ex te nded fi ol d of 

beadh s ed i nent s nfte r PPSSOgA (Fi g . 18) . Thi s snc~ vi ew 

was suggested Also f or SOMe grAve ls earlier . 
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Sil t s ::m{l. Di ~: t')r:itcs 

'L'he silts pnd el i ot-,r itc s "'r ,.; th0upht t~, h 1'l vc sattled 

fro:] susponsions in the lnk..:; . The s \Jcl ine nts cont" in Abund1)nt 

FI nd we: ll pref'cirv.:::d plf'Dkt("lnic foss il dipto!':ls. Th\.sIJ fine :; 

grpined s od iments ::or,,; illtt! rpr~ted t o b0 l"lc t'strina h:t.·~ usu 

of the cbsenc~ of current produc~d str uctures poc thv pr e-

Se Dce of la-:l in~~ tiODS. 

Th f, di ~, tomit o s in ('(; nc r~l risolflY two t;r-rpus of s trtlcturo­

T"If'ssivc bedd inp: "'nd If1rdnr tion. Th()se If'ith nossivo boddinp; 

T'lP.y he int : r pretcd to hJ1vQ r~sl'lt .;d fror.! cxtren~ l:,' slow 

scdir.ont a tion pnd t hoso with ]i">~in~tion s ~i~h t h~ve bee n 

f ::>rncd by rflp i d aedir>J.c ntrtiOD or flu ctul"tioDs of th\,.; sunply 

of s uspended s~clin L. nt (Col] i nson p nd Thor-:;)son , 1982). 

In th ~ pl ot of ' C ' (I,--p.ins t ' M' (Fig. 20) , tb'Js(': s(;:;di­

Mo_nts fell in th~ fi l.ld of f"1uict wr t fJ T rlcoosits which is '1 

chf'r~ctGr of I pk ds and l "'gl')ns. "'h u sirnificf'nt f ar turu of 

t h·:.sc s\.;dir'lU nts in this d i; '@; r f'l'1 is thrt th <:l silts of tho 

Lowe r S, .. quen cc {! nd the d i '1 tol'l1i t as of the tTPpf. r Suque nce pr e 

nOf' r c r t o the l i 1"] i t ing line C .. M. llr: this ere!' is the pr ea 

of better sor ting (Pass~gf'l 1957 ) , conpr r pt ively tho di~tooites 

of the UP9t: r St qu~ncc pnd silts of tha Lm:or scouc ne are 

t!odcr .? t e ly Ro r ted th.:'n di .... t onitos o f LO\v.::! r find s ilts of 

Uppe r Sequence r cspect iv,} ly . 

The frfJ Qu ent occurr0nc e of the rl i pt)ni t~5 i~~ed irte ly 

on the f,rf.'vels r cC' uirc;:s ROTll,.. ~xp) f' :'tt:i. oJ'; Deposition of 

di Cl t0i~ i t e s I '0quiT'cS qui.Jt ",ptn r ').IPs in free of curr c t "'cti­

vity a nd r:1os t of th o gr ;:'v tJls pr e thou?,h t t o 00 fluvial . 
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Thcr..; could b • ..: two poss i hili tids faT' thl.:~ ilip t ol1itl;S to be 

r1();)csi tuc cl iroctly Or:! th~.sc F'rFlvt;:;ls 

1) ::itbdr t h () b, .... RiI1 ~Irs continuously suhs i dinG or 

2) ;:;hE:I',3 \'/"5 f'n incrv"se in t-hu 1.~vl.' 1 ()f tbu If"kt; . 

Fr ',I thB li-, i tecl ,..."' tC' inftJrenc~ of subsirJcncr'; of th(; b"'sin 

~lou10 be unl i kt: ly. He w('l vcr , inCrdf'! C0 of tht: If1kc l e viJ l 

?pp.Jf' r s te.' o f ff: r th.:: bust ..;xpl r D':'tion . It w.,s ..;s if'blishe d 

.... ncient l['tku i n th tJ r08"ion durine the pl,;vinl purlod in 

Lete (u'1t.;: r npr;y "'1nd thpt tho 1 ... at lro e;ustrino 'Plsind corrc; ­

Iflte W0J 1 lo;ith th~ l'1st pluvirl period in 'S"st :.fricn 

(Rutz~r ot- l , 1972). 

CJl''t~ itions fpvor :,blc.' t o th,J ~r"wth of dif't.:>!'1s .... r \) i110-

jl'· i n'ltioo , "n nhunclpnt SlllJply of Tlutri",nt 301ut,s , nnd si l ic R 

for skctctrl RtructuTu . r ('l nc I.. rni r; ~i) ic .... , CrlDf.r (10l~2') 

rlircct rl:l .... tion 

b.Jtl·'c .. m i ts F'buml.':nc~ rm1 the <'I110Ul1t of ~ i~ 1.0i1 procluctivitYa 

Tho s ilicR vms p r obl'"lhly du riv(Jd to t~ht' flncilmt l r'ke from 

volc~.nic ctJnt e1's th r t "1'0 f 'mnd in thf~ r t.:gion. 

f'v~sUrB!"1ent s 'Jf pH by KT'Jth .... nd Sis~y (198-1) for the 

distor i t ..:! s ~;[l. inly i n th~ Upper SC(~U(; DC e , ~:rc on the ~ve r~ge 

8.D ind i cpting 11 slightly alkplin~ n'~t ur(; of th ·..; l'"'y.c wati:lrs 

during the dt!pos i t i on of di;').t.,::s . :cc!)}"ciinr to Cone:er 

(1942), d i DtvD S ~pp":flr defi nitely ff'vor~d .in genel'"l by "n 

"',!!proxiJ:l"'tely neut r Al or 5 1 i~htly "lk:- 1 in .:: pH, f'nd strong 

fl cidity Eupr csscs the dil'tom flor ,'"I . Flo; ",1 so str'ted thftt 

ciatoTT": rr".v!th i s fnvor e:d by r cl .... tivlJly 1 0\-1 tenpc: . turos be ­

C~U~3e ini hb i ted h"-'c t tJ r ifll I ctlvity r0duc~s the '"'c i dity 
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r .... sult i Ds f r o.., (1cc0l'!Tosition t'r OCtl 6Sl; S ~ nd hac "Usu l OHer 

t:;npr;:>tures :-1'1..1 p,~l De r:'llly :I"'&CO[.niSC(l ~s (')ut i C1~l to cli.otom 

Infc roncu tht.lJ 0.fort: r?oy be l"'J<>dJ 0 0 the te:1per~turc nnd 

pH of th0 r{p t ..:: r of th .J :"' nciunt 1 '::I ke. It ,qppeAr~ th ., t the 

d i ptn ·,ite of th<l r>r'df' "' rigjn ."' t l,d by th e s 0ttling of hi.! r: 

silic0 0u s fruRtu] uS in n l.,k...: h"vinp r roL.,tiVDly l O"':u r 

te "' P'lT'.~turc: "'nd s l'i r~ht:ij· nlkr ]ineJ pH. 

Th(: ,"1sh int oJrc ~l l ..,tions \·h ich oft,",n C· ... U r. '5 tho if'lpur ity 

of the diet.:: i tcs i '1ply concurr ent v a.1c. ::> ni.c r ~cticity ~lon'-"' 

with tb<-: cleT'h)s itions of the di"t~):lit,Js . 

O""lS·3r'!' t:ion of v~-i::>tion in th ttd ckn.::ss of ha d ia-

t (\l~ it-::s elnd di.:"tvT1I'Cu'JUS 5 diI1t:nts f iveG clue in tho n(' turc 

of th:;· bt:s in of deposition. 'is nescl' i hun er-r lil.!r i n th(:! 

lithol)~ic rl sdction tll icknuss 0f these 3~di~~Dts incrd ~ c 

on th,} oppos itE! sid~s 0f the t'plift0d hl"cks fOnd volcrnic 

hill~.. The ttiC}<Pd SS -';S were scan t o iDcr~1~c to the Wl.! st 

FinO. s:~uth1-"cst. Thuy . ., ls(') incrJ:'_s.:! in thickne ss T'orth- east 

\oJ "" r ds ~'''-.'DY fron the foot of tJ'l v northcrat..: r n .:.md of ;, lutu 

t :n,'<" r o.s the Z'''~y l!'!ke. This o\)s~ rvf'tion ind ic-tes tbpt the 

d i?toop c eou5 6~ rlit1·' nts uf' rticulf' rly o f the t1ppo r Sequence 

probflbly 001'06i t ed i n F b"'sin 'flh:i ch Wf'S wiovninp.: t f) the l.!Tlst 

nnd southvust . 

Volc8nis11 f't 1.1utu ",/flS P1'ob:-,bly cont ~:im-.d ,,-' i thiTi he 

Ple i stoc e n E:! f'nd Holocene . E·' rly crupti t)n~ Wt: r .: th ,ugbt 0 

hF've been subl:-cllstrin.-) , r nd 1 . ..,vp injcctir-n pr ob"bly A('Irh.:d 
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. the. S~dill!ent8 l oc e lly ( UNDP , 1973) . Th e deposition of the 

d i f'!tora i te sof t he Lower Sequence perhpps coul d be: r e l ated 

with t he e8 rly phases (? ) of the e rupt i on of .Hutu. 

Radioc nrbon age drtings of the shell s from the b~se 

Rnd t op of d i Rto~ itos be l onging t o the Upe cr sequence i ndi­

c ~te s tbRt the diatoni t e was depos i ted in 4400 year s b~twecn 

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

to 41 , 000 yrs. BP. the f our , G('!.llfl l ake s (Zwa.y , L:lDC:C.no .. 

t biya t a a Dd Shala) w~re st~ll or w~re ggain united ~s ~ Single 

l ake stD ndi ng at a beight of about 35 to 45 mts above the 

prasent ~evel o r Laka Zway ( Laury and klbrilton, 1915) •. This 

wes the period at which deposition of the dirto~ite s of the 

Upper seque nce began to take place . This suppor ts the pr e­

vious stptement regnrding the nAture of the basin. Since 

the l eve l of the lake ... ms only f e w mts pbove tbe pr esent ~ ) 

l e ve l of Lake Zway (1 636mt) end the height of the i.luto Vol cano 

(336 ot abov~ the sourr ounding plain) b e ing consider Ably 

high , the supposit i on of tbe eAst ~nd south Qst de~pening of 

the I Rke P.\·I? Y fro n t l: is volc ano i s likely . 
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Pr ove nance 

The l i thology of A~Ani Tulu ~ect incnts i s l ~ rgely or 

e :::c.c l us1ve l y OOT'li.ne"tc ti' b j"' ;pU!'I i..cDoug. sedi~. "rhe <klo.l­

nPDce of th~ S0 pumiceous ~ed i~ent s i ndi c2t es th Rt t hore 

WAS int ense r hyol itic vol cenism during the l ate per i od of 

s vdit!enh:t10Jl ( UN DP .,. 19'7})_ The e r.:u.p ti..alJ. of "ba s pl ts f r on 

Ju .. u:>t.b -·no-Rh ..... ~1:1 .gt rtlul t s eFls t of 1.;.1~ i.s r epnrt:eC "l>,- t ha sac€: 

F-. uthors. 

Di~uln .( "l9?O) r (JpDI."tQC t ho exi s t enc e of rhyolit i c 

dOMe 2 K~'1 .... /e st of J" dAl'rl i 'rulu nOO phre~ti.c.. .xpl o ti.on 4~r&, 

perth e~ st of LRke Z~AY . Gibaon end Dnkin (1971 ) ct. scribed 

t h e /'utu Vv:tc~ n i.c .c e nt e r t.o 1.JO' p 9nt.QI1 GP 1'I:.i..c. 1.cro,ryi ing 

to t he m. the eeo l of,Y of /, lut:u i s dDni~ed by 6 p,r oup of 

p~rpbyritic ? i t:chstone fl ows nnd dome s . PuMice ~nd vol umi ­

nous "511 f l ow tuff s p::. r t i cul r rly occupy the ar ea sout h of 

Lekc LC'l np:'Do . The Act i vity of t .. l ut u vol c ~no i s belie ved t o 

have began i n th e Ple i stocene pnd continued in the Holoce ne 

(Dakin , 1?71 ;UNDP , 1973). 

Field Rnd nicroscop i c obse rvation of t he com'Oos i t i oD 

of these s ,,-'diI!le nts D. hvc shown the sed i ne nts of the ar eR to 

cQnt::l.in l ?r gcly of puro i ce , end lit hic fra gme nt s of obsidi ~ n , 

rhyolit~ ~nd b?sa l t. The l ~ ss 0e~rec of r~unding or the 

C'l ngu12rity and fr~ shnes5 of the soft pumice gr ains i n the 

sands Rnd gr f!. vels indi c" t e tr;-' nsport ?tion f or short c!istfmce. 

The leptokur tic and positively skewed n ~ ture of the sands ~ 

nay Al so i ndicrtc th3 De? rneSR of th e sourc e . The proximity 

of the area to tha volc!)n i c c ~nt :: rs , fT'c:shna s s of the soft 
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pu -~ i c,;; t~rains , the dO:1i n Cl nc e of gl Rssy !1 Fl t e r ip. l s i n beth ' ... 

co r- rse ::!nd fine gr nined sl!di r.lcmt s I' ncl t h e lithol -" gic ::tnd {1 e 

r.J l s t ion s hip of the l' .. d:"ni Tulu "s c... c.i :'!(-mt s "'ith t he nVll i l nhl e 

d :"' t n sug@;\:,st th ~t tha snurcc of the sudi":lonts 0 be f r o"'! R 

v olcf' nic p r ovinc e t o th oJ s out h eA st of t he Rrer f r ol1 .. l ut o 

Dnd it s contribut~ry volc~ noe s • 
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Sunm8r y Rnd Conclus i on 

The ~·.dR.IJi ~u] u s ed i ments which r p.oge in "go? frof') the 

Ple istocene to Holoc en~ cons i s t s of Rr nvels , s~nds , silts , 

di Atomit03s fln d int e rc f'll~tion of 80sh ?o nd tuffs. ThQ deposi t 

in gener a l pr e unc onsol idat ed And poorly sorted wi t h wi de " 

vari ati ons of te-xturDl w ' r E'l "lo t crs. Sl,d t rlc nt s i ze r f' ngc s from 

fine s il t t o C 0~rse gr~ve l with occ Asion~ l grr dAti on. Cor r ao 

g r ? inod s e dine nts shm'l hori znnt c>l be dd ing , r.J~ s G ive badding , 

cross 'hedd i ng pnd l oad c .t'I sting . Th0 i ini) r r ni ned S d('li1"'JC n 0 

..... r e eithe r rJ8ssive , t hinly bedded '1 r l Rn i n8ted . 

The vo1uAetric Rlly ir.Dor tnnt constituents of t he dcpo-

sits a r e p umi ce , gl es r s h" r ds , vol c nnic r ock f r Rg ljQ O 5 , 

f e ldspr rs fi nd qUArtz. GoncrFl ll~1 th \.;: y F' r v cb Ar pctc r ized by 

hi Gh pun ice t o t ot l~ l vol c flnj c l i t h ic fragl1eJ nts r f' t i os . The 

i r.mortnnt henry rn inor p. l s pr e pyroxene: , hornblundc 1 ml1 gnc t i t o 

end b i otite . Th e TJRjor p(:bhle r nd gr r nul c l i thol ogie s of 

the gr avels ? TO pUl'1 ic c , obsid i r n nnd b.1 s Al t . Th t.: se coopo­

s itional fe ~ ture s i ndic At e derivr t i on of t hese sedi man B 

fro m a vo lcanic s ource . 

ThG sediBcnts cont ain or gp. inc oat t ~ r in concentTp. t od 

nnG dispe r :.cd f or o . ~hc r e l rt ively h i ghe r conceD r ption of 

org~nic m~tter ~ t the b~t to~ of t he Lowe r Rnd t op of be 

b l'ndicAtiva of two period s of incr ap sed Upper sequence ~p.y 0 

supply of or GPnic t'lstte r . 
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The scd i "JG nts r:re i contificd to be f luvio-lf' cllstrinc . 

':Ih.:.: r.wjority of the gr F've ls p-.ncl 81lnds rre i!lterpn~tLld F'3 

fluvi ~ l deposits. Tho p-r f' v <': ls rich in st·e l ls of P'PF.t r opods 

~!1d bivf'. lvGS p.nn BssociPctcd sf-nds p. r e i dt.mt ified to be 

shallow i-later bel" ch s L!d i rncnts. 'J'h~ IFlcustrin~ deposits Ar e 

r ecogni sed PS ni~tor ite s pnd ~ilts . Int 0rstrllt ifi~d FIsh 

?nd tuff ~ rc eithe r f low or fall depos i ts. 

• 
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