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LAbstraet

Sediments of Late Tuaternary period are cxpesed in ‘dami
Tulu arer, They represent Deposition in » feult corntrolled
basin in the northern part of the Mein Ethiopisn Rift Valley.

They form thick successions of coersc 2nd fine grained sedi-

ments, gravels, sands,silt ond distowmites among which gravels

and diztomites are velumetrically importent. These sediments
display sedinmentary structures, such as bedding, laminstions,

cross-bedding, mudcracks, and losd crsts. Texturelly, these
cediments rsre poorly sorted, positively skewed, 2nd characs

terized by nmesokurtic-leptokurtic curves.

Comnositioenl etutics indicete numics, gleoss shards,

fragments of volesnic rocks, feldspsrs, and qu=rtz to be the
= b - 9 zh

most importent consituents of the rocks. Hornblende, pyroxene,

magnetite 2nd biotite =2re the imvortant heavy =inersl con-
stituents. Obsidian, besalt #nd rhyolite dominate the lithic
frection., These composition of the sedimunts is indicetive

of 2 velcanic provensance,

The textursl characteristics of the grsavels and their
distinct =ssocistion with huric subsirnces or gastropods
and bivalve shelle sre indicative of fluvisl =nd beach
envirorments of deposition Ffor the gravels, resnectively.
The structures of diatonites anéd ossoci~ted silts s2re con-
sistent with the deposition of these sedinents in a lescustrine

environnent.
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1. TIntroduction

1.1 Tocation and accessibility

The azrea covered by the present study is located about
170 Km to the souvth of Addis in the Gella Takes region of the
main Tthiopian Rift. It lies bhetween lakes "way and Langano
due erst of the town of Adami Tulu. To the north it is borde-

red by the southern shore of lake %wsy =2nd to the south by

“Aluto volcanoe, roughly ébﬁgrgﬁgiag_area of about 90 rme

(Tig. 1).

It is accessible by the main Addis Ababa-Awassa highway.
A dirt road between Adami Tulu and Chefe Jila (to the east of
Ademi Tulu) crosses the area, Two other dirt roads one which
runs to the north branching from Adami Tulu - Chefe Jila road
and the other to the south reaching to Langsno can be used by
four wheel drive to explore the area, Traverses could be

teken from any of these roads by foot.

The main river that flows in this region is the RBulbula
river., It starts from Lake Zway in the north and dreins in to
Lake Abyata in the south. MNumerous dry seasonal streams that
stert from the volcanic hills flow south west feeding the Rul-
hula river during rasiny seasons thereby cutting gorges through
the soft lezcustrine sediments and exposing thick sections of

these sediments,

The topography is flat except in the central and south
egastern parts where volc nic hills form elevated grounds.
Exposures are found along the slopes or at the foot of the

hills and along the dry valleys or streams,
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1.2 Climate and Vegetstion
The climzte is semiarid with a relstively short rainy
season during july and August . The vegetation of the area

consists mainly of low thornscrub and accaci2 trees. Part of

the area, mainly to the north, and to the south is a farmland.

1.3 Objectives

__The 2ims of the present investigation are:-

1. To study the distribution of the lacustrine deposits

in the Adami Mulu area,

2. To examine the sedimentology (texture, structure,
nineralogy and environment of deposition) of these
deposits and to come up with 2 possible conclusive
remark on the deposition of the diatomite in the

region.
1.4 Previous orks

Cccurences of lacustrine sediments in the region were
reported in the general studies which are paleoclimatical and

or geologicel such as those of Nilson, 1940; Mohr, 1966,

The most im~ortant contribution in the history of Galla
lakes is the recent work by Grove and Gouide (1971) and Gaze
(1975) who also provided radiometric age dates from these
sediments, The Ethiopian Institute of Geologicsl Survey
(EIGS) of the Ministry of Mines hes conducted genersl geolo-
gical investigations in the lakes district prior to 1970 and
presently the TWDP for Geothermal research has mepned the

region 2t the scele of 1:50,000. Recently the EIGS has been
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studying the diatomite of the a2rea mainly focusing on the
determinetion of its quality based on physicel properties and
for few localities the estimation of reserves., No systematic
study has heen done in investigeting the sedimentologic nature

of these sediments prior to this study.
1.5 Methods and Materials

‘4’5 Torographic map of 1:50,000 scale was used as e base,
with aerizl photographs of the same scale as a supolementary.
Traverses were taken nlong stresm channels and also in profiles
not uniformly spaced.

The following methods were generally employed in the study:-

1.5.1 Field logging

Fifteen exposed section alons stream channels and dry
gullies were described, sampled and measured using a2 field
logging method of Bouma (1962). TFor each bed, thickness was
measured and significant properties such a2s composition,

grade, sedimepntary structures and colour were recorded.
1.5.2 Granulometric analysis

Representetive samples from each measured sections were
eir dried and then cranulometric analvsis wes made following
the methods described hy Folk (16968). Grain size parsmeters
are those of Folk (1968). Pereameters such as mesn grain-size,
sorting, skewness, kurtosis and standard deviation have heen
determined graphicelly #nd the @ scale introduced by Krumhein
(19%34) hes been used to simplify the arithemetic involved in

computing these perameters.



1.E.3 Petrographic and Heavy Mineral Anelysis

The difficulty of preparing thinsections of unconsolidated
puniceous sediments and pyroclastic deposits precluded extensive

use of petrographic study. Howvever, the fine fractions of

_these deposits were exemined under the binmocular micToScCOop

inorder to have & clue in their comnosition.

Heavy minerel analysis was carried out using representa-
tive fine sand fractions following the procedure described by
Carver (1975). The hcavy minerals were separated from these
fractions using bromoform (sp. gr.2.85). Representative
samples of roth the light and heavy minerals were mounted in
glass slide and then examined under the microscone. Counts
were mede of the individual heevy minersls to determine their

percentage by number.
1.5.4 Other analysis

Seni-quantitative determination of orgenic metter content
was done on %5 samplos which were suspected for the presence

of organic metter.



2. Geology

2.1 General

The main Ethionian Rift valley is & huge grahen which
is occupied by volcano tectonic lakes. It is characterised by
norm=21l, step faults arranged in an enechelon style with a
general NNE-SSW trend (Mohr, 1967). Its floor is marked by a

~  persistent belt of intense, fresh fsulting which has been termed

by Mohr as Wonji Fault Telt (Fig. 2) which is supposed to be
axial to the rift system. It extends from the northern shores
of I.erke Ausys northeast wards into the Afar Depression and is
traceahle for 1100 Fms along the Ethiopisn Rift svstem. The
belt is formed of short normal faults of smnall throw which
is most frequently uv to the west and is characterized by a
line of Custernary pantelleritic (silicic) volcenoes such as
Aluto, Chabi, Shalla, Fantele, Rossetti Guda etc. which have

extruded both lavas and igninbrites (Mohr, 1960, 1967).

The Galle lskes section of the main Et™iopian Rift lies
about 150 ¥Fus due south of A.A. end contains four large lakes,
as indicated on (Fig. 1). Lakcs Langsno and %Zway lie against
the eastern mergin of the rift, whilst lskes Abysts and Shalla

lie further west in the interior of the rift.

Tacustrine devosits conteining shelly layers were first
discovered along the Rulbla river by Neuman (1902) from which
later Paci (1940) examinod a collection of mollusecs and noted

a palearctic affinities of the faune.
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Mohr (1962,1966) also re¢cognised two groups of rift
floor sediments and suggested that in the late Mertiary the
Galle lrkes basin was continuous with the Awassa and Abaya
basins to the south and with the Awash drainage to the north.
In this protorift trough, fine gresined water laid tuffs and
punice teds were deposited., According to Mohr the besin

————btopography must heve assumed almost its present form by the

late Pleistocene and the subsequent period of learge scale

flooding identified by Milson and him has been responsible
for the slnost undisturbed lacustrine sediments and shore

lings sourrounding ths Galla lakes.

a

The olcder lacustrine sedimznts of the rift floor are
rel=tively severely tilted and warped by tectonic processes.
The younger sedinents sre generally unconsolideted grey gravels
which are locelired in their occurrence particularly to thick

developments along Holocene beach levels.

The jidami Tulu ares is within the Gelle lz2kes basin
mainly htetween the Zvay-Lengeno besin. The cdiatomite bearing
lecustrine sediments were laid down in 2 late Quaternsry
ancestral lake (Grove and Gouide, 1971; Geze, 1975). The
Langano~Zway besin was cdeveloped and occunied by the ancestral
Galla leke before volcanism comrenced at Aluto volcanic center
(UNDP, 1973%). A thick sedimentsry sequence was deposited in
the besin. VWhere exposed, the sadiments are dominantly fine
grained tuffs, sandstencs and pumice and rhyolitic gravels.

Corrse nuiice hreccia are interbedded with them,



0ld beach dunss occur as ridges on the west of Aluto and
were formecd during the shrinkage of the ancestral Galls lzkes,
These ridrpes which merk the Holocene lake levels esre well
precerved £8 grevel heach ridees nesr the shores of lakes

Lsngeno znd Zway (TNDP,1973).

The lacustrine saediments of the Galla lakes have been
— dated by Gouide #nd Grove (I977) in their study of pleisto-
cene~-Ho'ocene history of the Galls lakes. They dated gas-
trorod shells by C-14 method from different lovels above lake
shalle and obtained an age of 9220+ 190 yrs B.P. and
5610 ¢+ 100 yrs B.P. Another age deting which is more or less
from the shell layers of the study region along the Bulbula
river is determined by Geze (1675). Hu deted sediments below
and above distomaceous gsediments nsar the Bulbulas river and
obteined $360 + 210 B.P. ~nd 496C i+ 140 B.P. for the last
lacustrine period. ™Tased on these dates Gaze suggested an
age of 10,000 yrs for the beginning of the main lacustrine

phese which ceame to & close arsund 5000 yrs ago. &

i
It has been proved (by Grove znd Gouide and by’ Mohr)
that the besin of lekes Shels, Langano, Abysta and Zway formed
a single lake. The analysis of diztom flors from these lzkes
helped much in revealing the continuous nature of these lakes
during the Holocene, Observation of strandlines =nd parallel
shore lincs which are visible both on the field a2nd on air
photogrcphs anc setelite imaperiecs (Grove 2nd Gouide, 1975)

were very helpful in drswing these conclusions.
E o r
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2.2 Stratigrsphy end Lithology

The fluviolacustrine deposits generslly cover lsrge
part of the zrea and in most pleces 2re overlesin by recent
alluvial deposits especislly at the foot of the hills. The
central and south cestern pert is dominated by volcenic hills
and domes such as Belichs, Sida and Dodicha (Fig. %3). These
volcanic hills are composed of rhyolitic products, obsidian
flows and ingimbrites. The northern, central and southern

part of the area are affected by faults whose trends vary

from NE - SE (see map).

On tha basis of the works of TNDP (1976), Knoth (1981)

and this study, the stratigraphy of the region comprises

the following;-

Alluvium b
porphyritic Obsidian | Holocene

Upper Lacustrine Sequence

Pumiceous Pyroclastics
Basgalt Tuff

: Pleistocene
Lower Lacustrine Sequence

It follows from the stratigraphy that the lacustrine
deposits of the region belong into two sequences. Lower
Lacustrine and Upper Lacustrine, Tithologies of both
seqguences ore largely dominsted by volcanic material and

renge from coarse gresvels to fine silts end ashes and are

decribed below separtely for both sequences.
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2.2.1 Lithology of Lower Sequence

The Lower Lacustrine deposits occur in the ares where
the different localities are uplifted by faults which are
releted mainly to the West Langeno Fault., These are generally
ridge forming localities such as Dodicha, Sedcha, between
Kiki and Belicha and in the slopes of hills facing the

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

along recent valleys qp@ﬁgpﬁ_?@StxigtmdrmaialyAiﬁﬁthe%centfgf‘”(

éhﬁinorthern part of the study area. As a result of poor
exposure the number of lithologies and sections studied are
limited although attempt has been done to look for thicker

sections,

The deposits belonging to the sequence are affeccted by
faults and the effect of these are seen in many of the litho-
types. They are fractured, sometimes compacted and slightly
welded although it is salso posgsible to observe relativey un-
affected deposits. These are generally ashes and some layers
of diastomite. The structurel relstionship of these deposits
is complicated due to faultings and accoupanving later
eruptions. Careful observation of the deposits cspecially
assocliated with the diatomite layers of the sequence has re-
vealed the identification of an ash layer which could be used
as a marker bed for correlating the different studied sections
mainly those in the central =2nd in the northern part of the
area, For occurrcnces in the central southern pert of the
area, the basaltic tuff of the locslity 29,40,41,29 and 56
together with a 10 Cm sand layer which generelly seems to lie
always below the tuff layer that immediately comes above the

distomite of the seguence is used as 2 marker horizon,
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These two and strertigrephic observation in locality 41
and 56 were useful in conetructing the stratigraphic relatiorn-
ship of the exposed parts of the sequence. Describtion and
correlation of the different sections s2re presented in Figs

5 and 6 respectively.

Exposures of the secquence in the northern extrem of the
area is very small, They are found along the slope of Sedecho
hill on a downthrown side of-a fault sndHthe messured—thick—— —

only. 2bout Z2mts, They are gencirally covered by pyro-

[6)]

ness i
clastic breccia that covered the slope of the hills above
them, The gize of the cobbles in the pyroclastic breccia

exceeds mostly 50Cm and are ncerly rounded.

In the central southern part of the arce, these deposits
are exposad around the mergins of 2 wvoleasnic crater. The .
measured thickness of the sequence in this locelity is 7mts.
They are highly faulted especially the distomite is fractured
into small blocks. The basaltic tuff covering them must have

been erupted from the crater (EKnoth, 1981).

The maximum thicknasss (morc than 15mts), observed for
the sequence is in the central part of the areca. It is
exposed along a large hill where at its foot represents pro-
bebly the northern margin of the previous volecsnic crater and

the stratigraphy for the Lower Seducnce is established here.

The Lower Sequence comprises of lithologics such as silt,
ash, distomite, sand, and ash and tuff of varizble thickness.

The lithologic description for these lithotypes is given

below,
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2ecalels Sands

These are among the minor lithotypes of the sequence and @
represent nearly 9% of the sequence. They vary in colour _
from greyish white especially =t the bottom to pinkish gray
and exposad at the foot of the Dodicha and Sida in the central
___ part of the area., The ssnds consist of silts upto &#0% espe-
cially at the base, and sands from the upper pert of the
sequence is practically free of silt sized greins. The thick-

ness of some beds in the sands is in the range of 10Cm to &0cm,

They are commonly unconsolidated and weakly bedded.
Composition

Most of the constituents are pumice and volcenic glass,
Lithic clasts, fsldspars - predominantly plagioclase feldspars
quartz, chert with verious shades of green, dark green, brownish
yellow (which could be relsted to the degrec of oxidation
state of iron present as impurities) arse the common componsnts
in most samples. Magnetites and hornblendes esscntially form
the heavy mineral portion in these¢ sends. The volesnic glass
is curved and flat in texture, little zffected by weathering
and occasionally ccntzin bubblzs. The lithicse part consists
of obsidisn, andesite(?) end scorea. The plagioclase greins
are seen with their distinct cleavege most of the time,
althecugh the other varieties sre not uncommon. Carbonete
concretions and iron oxides mostly limonite occur in some

semples (424)



TABLEAL : Description of Lithoiogy and Grain Size Distributions of Lower Sequence

Sampie Thick- Mean z % - 4 % Textural
No. Lithology ness Colour Size@ Gravel Sand S Lk Clay Nomenclature
04-C Sand 0.5  Brawnish grey 2.93 8,04 57.27 2B.46 4.08 Gravelly silty med.
sand
04-D Sand 0.2 Grgy 2,16 4.3 81.49 10.65 2,31 Stightly gravelly silty
fine sand
42-A Sand 0.6 Yellowish grey 4.73 " 58.08 2Z7.15 14,81 Silty sand
04-F Ctayey silt 0.2 Grgy 5.33 N - 86.3 TN Silt
41-8 Silt 0.2 VYellowish white  7.03 - - 70.76  29.24 L R
47-F 5103 b8 Light vel low 6.05 - - 84,35 15.65 S5t 1F
Hg-L Clayey siit 0.4 Yellow £.37% - o 10.84 29,16 il
(4-8  Diatomite 2.9 Ye|lowish white 7.56 0.8 10.93 51,27 34.26  Slightly grave!ly sundy
mud
04-E Diatomite 8.7 Yol lowish white v i - 75,36 24 .64 ST
A0=A, Diatomite 2,75 Ye|lowish white 7.5 e » 58..0% Al .25 Mud
41-C Diatomi te 5.0 Pipkish yellow 6.26 - - 79.48 20,52 (R
41=-E Di atomi e 0.5 Dark grey 1.3 = - 1.3 28.7 ST I
585 Diatomi te 1.0 Yellowish white  7.56 - - 69.73 34.2% Mud
4 jwF Ash 0.08 Dark grey 5.36 i - .29 271 Fine ash
42~ Ash 3 Light yeltowish 2.53 1Z.19 49.02  33.06 2.36 Coarse ash

arey
58~AO Tuf#$ 0.02 Dafrk grey 6. 66 & “ 76.64 23,36 Fine ash




2.2:1:2 Silts

Silts in reneral are represented at the bottom and in
the middle p=rt of the sections for the sequence. They con-
stitute roughly 19% of the stratigravhic sections of the
Lover Sequence, The colour of the gilts varies from greyish

white to light gray, yellowish gray end light yellow through-

out the whole scquence. In thickness individusl beds range

from 25cm to 1.6 mt. Lateral variation of these silts is not

evident due to their occurrence in few localities.

These silts largcly are fine to cosrse silt. They are
thinly bedded and leminated. The individuesl leminae in each
bed varies between ¥ mm to 1mm in thickness and are relatively
consclideted. Some inclusions of pumice clasts ere ohscrved
along their bedding planes =nd the different bteds ere separated
by very small irregular projections of the individual upper
laninse which produced depressions in the leower or underlying
laminae of same lithology (plate 2). This is especially in

the greyish vericty of the hottom sections.

The niddle leyer of silts which is more yellowish white
than the lower layer is also bedded and relatively consoli-
dated into siltstone. It is clayey limonitic, thinly bedded
with mud crecks at its top (vlete 3), =2nd grades vertically
into the overlying diatonite.

The silts ot the top of the sequence is yellowish white
in colour, thinly bedded and individual beds range from 2 to
smm, Bedding alternates between yellow and yellowish white

and light bro-nish colours. Discontinuous orgenic matter
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lenses also mark the beginning of thin beds and are only

observed in this leyer and not found in the silts of the .

bottom section,

Composition

The silts of the Lower Sequsnce generally are clayey

and the percentage of clay verics from 15-30%. Investigestion
uncar the binocular microscope showed thet pumice, volcanic
glass, plagioclase feldspors, lithics of obsidian, and bhasalt,
limonite and quartz constitute thc major minerslogical compo-
sition of most silts in that order. Iornblende, biotitc and
apatite (?) arc among the minor constituents pressnt 2g heavy
minerals. The volcsnic gless is flat, elongerted snd is re-
letively fresh. The pumice clasts ar¢ fibrous and tubular

in structurec.



TABLE &: Compositional Characteristics of the Lower Sequence Deposlits

Samp le Rock Fragment Heav _Minerals

Ne, Lithology Pu V.G. K,F. P.F 0 Obs Ba Ry Scor F.OX Ch Pxn Mg Hb Bl HF
04=C Sand A A C £ 8} c R R R (] ¢ C & R F A5
Ga-0 Sand A A G i g & F F & = B F A C - 0.3
42-A Sana A A C C & C R - R C R A A -~ 0,06
04-8 Diatomita = € F B G R = = = 2 B - F R = 0.®
04-E Diatomri ta C B F F - R - = - R rF - = = N.D.
40-A Diatomite € C £ f o R - = = B R - = = = N.D.
4|-C Diatomite G £ F F 0 E e = = 6 - C T N.D.
41-E Olatomite C C F F 9 F = = - - 0 - = = = HND
58-8 | Diatomite - C F o Q & - - = R O = - = =  N.D.
0a-F STy A A B C 2 L& = 2 2 - R A € N.D.
4i-8 Stit cC A i C & £ R = = F R = € A € HN.B
42-E Skt C A L R r C R = = B s = - A C N.D
5&=C ST g & e F F ¢ R - = G = = = A C N.D.
41-F Azh A A R (4 = z [> S i 0 € A R =~ N.D.
42-D Asn ACA [ R T F F F F C F A R O 0.0
58=A Tuff A A F D - F a - R R C € € B = N.D.
25-B B.Tatt - F - & - = £ = = -~ = = = = = N,

Pu. - Fumice Hb = Hornslende A = Abundant

V.G.=- Voicanic glass i - Blotite ~ T - Common

K.F.~ Potassium feldspar Obs = Cbsidian F - Few

P.F.~ Plagio claese feidspar Ba - Basalr 0 =~ Occasional

Ci = Chert Ry ~ Bhyciite R =~ Rare

Q@ = Quartz Sc¢ = Scorea N.D.~ Not determined

F<0X= lron Oxide HF = % of neavy minerals

Pxn = Pyroxens in very fine sand

fracrion
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2.2:1.3 Diatomites

These lithotypes form %8% of the scaucnce. They commonly
occur zlong the slopes of the recent volcanic domes such as
Sida and Sedechs and in thie mergins of Belicha volcanic
crater (Fig 4). They sre mostly yellowish white in colour
and largely are constituted of silty sized (51-78%) and clay
sized (20-40%) materials. &é;ﬁﬁféllgg_%he;_are classified
as ailt in most cases and 2s muddy in few cases (Folk, 1968).
In most places they are covered by the tuffs of the sequence

and are weakly bedded.

The thickness of individual beds of diatomites renges
between 80cm and 6mt and the maximum thickness is found in a
block which hos been uplifted by the West Langano Fault Fig 4.
They are affected by faulting to a variable degrece. Those
‘i Bedecha, Belicha and Dodichs are more or less egually
affected being intensively faulted, fractured into small

blocks and are relatively compact.
Composition

These ere extremely fine grained »nd coasrser fractions
are not available for obscrvation under binoculer. However
from the coarser silt fractions, quartz, feldspars fine
greined glass chert and fossil disatoms were identified to
constitute most of the distomites. The glecss and feldspars
are altered to chalky m=zterial to a certain extent., Unlike
the di-tomites of the Upper Sequence, they do not contain

any shells of gastropods and pelecypods.
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The result of chemicnl aneslysis of 28 samples after
Fnoth (1981) is given in teble 3. Thase diatomites are
charzcterized by higher 8102 percenteges. The average of

28 samples is 87.5%. iverage percentages of FOEO5 and A1203
are 4.14 and 2.06 respectively.

292n/inl']‘ ,[!.Shes E\Ild TuffS

The ashes and tuffs of the Lower Sequence generally re-

7§}csent 30% of the stratigraphic column of the sequence., Twc:

ashes and two tuffs have been identified in the sequence and

the ashes are dominent over the tuffs (2:1 in proporition).
Ashes

The ashes are %mts end ¥mts thick and occur as inter-
calletions between the silts and or silts and distomites
often causing impurity in both lithetypes. The colour of
thesemshes is different, the thicker being grayish white and
the thinnecr derk olive gray. The derk olive gray colour is
very distinctive, for the ash which mede it possible to be

used as & marker bed for correlating sections of the sequence.

The derk olive gary ash is identifiod in the central
(Dodicha) snd in the rorthern part of the area usuelly being
interbedded in the diatomite of the sequence. Its contact
both above and below is regular with the diatomite. It
occurs persistently throughout the sections of the sequence.
The maximum recorded thickness is 50cm but it is more often
much thinner mostly being 15cm on the average. It is essen-
tially loose fine ash, completely unconsolidested, and is

epparcntly well sorted.



i

The second ash layer is the three meter thick graysh
white ash which is interbedded within the silts at the bottom
of the stratigraphic column for the sequence (Fig 5). It
is reprecented in the sections of the central part (Dodicha)

of the area,

S —— wéatﬁcféa'%éfyéliohiéﬂJga%;fialg semiconsolidated,
dominantly composged of purmice having a maximum size of 8mm.
It shows poor normal grading although the gencral distributie

of the grains scems to be irreguler.
Composition

The derk olive gray ash consists of fine pumice and
obsidian chips, volcanic glass, few lithics and crystals.
Pumice and colourless volcanic glass constitue the largest
portion. The morphology of the glass sherds very from platy
to slightly curved sicke-like, cften the platy types being

dominent over the latter.

The white greyish ash is composcd of pumice grains, flat
ellongated, fibrous likc and relatively fresh glass, feldspars,
chert (with yellowish and brownish tint) and clasts of obsi-
dian in thc order of decruasing sbundance, Flagioclase felds-
spars are dominent over sanidincs. The pumice grains are of
two types one is grayish white in celour, tubular and is the

dominant type whilc the other is yellowish and a bit curved.
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Two main tuff horizons occur in the sequence usually
resting on the distomites. Qtratigraphically, they are
represented at the top part of the sequence. The first
tuff horizmnﬁs light yellow in colour snd rogularly found in
almost 2ll scctions of the Lower Sequence, This tuff is
intensively faulted 2nd at places highly fractured into small

blocks. e

The second tuff is the baseltic tuff which is greenish

black in colour occuring in all the areas where the Lower
Sequence 1is exposed, represents generally the top parts of

the scections.

The thickness of the tuff is highly - veriable from loca-
lity to locality thickening markcdly from topogrsphic highs
into topographically lower pleces within short distences.
This is especielly true in the central pert at localities
39,40,and 42 where its thickness decreasses from 3 mts to 80cm
within a distence of about 100mts. The meximum thickness

measured at Belicha is B5nmts,

This tuff is coerse grained riéh in lithic clasts of
verinble sizes. The size of the lithic clasts varies from
2cm to 11em, A gencral decrcese in the size and abundance
of the lithic clasts is obscrved from north to the south
and east direction., It is gencrally massive in the central
part end exhibits low sngle cross-bedding locally. Continuous
bedding of this deposit is obhserved in the north eastern part,
and in the eastorn pert, the beds become thinner and are & -

e ¢ —Hgrel

Wy ==
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dominataed by fine grained texture of individual greains. In
the northern part beds arc thicker with the cross-stratifica-
tion dipping downhill to the south west. The individuel

bods contein veriable emounts of clests of ignimbrite, basalt
and ob.sidisn and the latter two are dominsnt both in size

and sbund=znce.

The feeturce shown by this tuff is mostly similar to

thet of base surce deposits - i.e. the small scale cross-

bedding., wapiabls—titoRness ToIIowios The Lopography and the
thin centinuous beds especislly in the north eastern pert
closcly resembles that of base surge deposits (Fisher and
Crowe, 1972) and hence this tuff is intcerpreted as a base

surge deposit.
Corposition

Cbservetion under nicroscope showed marked differences
in the composition of these tuffs. The light yellow tuff is
largely constituted of pumice and volcanic gless. It 1is
texturally distinctive, consisting of yellow and vesiculer,
or grey and non-vesicular punmice. ILithic clasts are sparse
and feldgopar phenocrysts are uncomnmon both as free crystals
and in pumices., The volcanic glass includes bubble forms

tog:ther with cuspate shards. (Pirsson, 1915).

e

The basealtic tuff is 2 erystal tuff composed largely
of fine te mediun grained crystels of plogioclase and
olivine. The olivire is iddingsitized 2nd is aubordinate
to plegioclese (leabradorite) crystels., Lithic fragments of
bagic volcanics with phenocrysts of nlegioclases and olivine
ar¢ present in small ameunt. The matrix consists of crypto-

crystalline erystals of plagioeclese and gless shards.
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2.2.2. Lithology of Upper Ssquence

The Upper Lecustrine deposits in general form 62% of the
whole stratigraphic succession for the study area. They occur
mainly in the western, southern, central and eastern corner
of the study area. The thickness of the sequence varics from
less than 4mts in the central part to about 16nts in Abelosa

Wadi (Fig 2). Eventhough all lithotypes are not seen to be —

_— —reprosented in single sections, the major lithotypes are re-

presented in most of the studied sections,

The sequence is exposed mainly in dry valleys and along
the scasonal streams feeding Bulbula river., This miakes them
easy for studing and hence many scctions were studied fronm
this sequence, Most studied sections are found in the southern
and in the southwestern part and are poorly represented in
the eastern part, The thicknesses of the sections are very
small in this part of the area owing to the absence of rivers
or streams that could cut or form gorges deep enough to expose
the deposits. Figs. 7 and 8 represent the describtions of
selected sections and correlation of different sections

respectively.

Correlation between sections was relntively easy as com-
pared to that of the Lower Secquence, since the deposits are
unaffected by recent feulting. The correlation between the
different sections was zided by (1) the occurence of shelly
gravels that frequently come below-the diatomite mainly in
the upper part, (2) colour and character of pumice pebbles

in ceratian gravels, (%) systematic observation of the ™
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stratigraphic positions of certain layers laterally, and
(4) the occurence of paleosols (or organic layers)., From
the different correlated sections it is possible to con-
clude that the exposed sequence in totality exceeds 28 mts

of flavio-lacustrine and interbedded pyroclastic deposits.

The Upper Lacustrine Sequence comprises unconsolidated

—to semi=consolidated gravels, sands, silte, ashes and dia-
tomites., These lithotypes show different lithological
characters, Quick veriation of charecters such s colour,
texture, sedimentary structure (bedding), and sorting is .~
frequently observed in the field both laterally and verti-
cally. The mein lateral variation is observed in gravels
and diatomites which grade into sands or silts and diatoma-

ceous ash respectively,

Generally these scdiments show sedimentary structures
such as massive bedding, laminstion, grading (both normal
and reverse) at large and load casts, mud cracks a2nd cross-
stratifications toc a lesser extent. The graded bedding and

cross-stretification are observed in the cosrser varieties.

The relationship between the underlying and overlying
sediments is rcgulsr, i.e. contact is horizontal. The
contact between the coarser lithetypes such: as gravels and
sands and also between sands and silts is scnetimes grada-
tional, Infact most of the beddings in the coarser frac-
tions are initiated due to chenge in colour and size of

msterials,
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Most of the sediments of scquence, similar to those
of the Lower Seguence deposits are nonindureted to scmi-
indurated except in rare cases where some of gravels show

relatively stronger consolidation.
2.2.2:1 Gravels

These lithotypes largely occupy the stratigrephic

column of the Upper Sequence constituting mainly about 48%

of it. They occur at almost all localities studied both as

ninor interbeds and as important layers below and above
diatomites (Fig. 7). Although they occur in alnost all sec-
tions of thestudied area including the eastern part, the
larger number of gravel layers dominantly occur in the south

and southwestern part.

They vary in colour from the more common gray to brownish
gray, yellowish, greenish yellow and yellowish brown. The
thickness of these gravels iB highly variable ranging from
6cm for the minor interbeds to 2mts for individuzl beds in
outerop. Leteral variation of thicknesses within beds is
not regular. However, there is a general trend for indivi-
dual gravel layers to incresse in thickness to the southwest
direction. They are in generel unconsolidated to poorly

consolidated and few gravel layers ere relstively consolidated,

The gravels generally display horizonetal bedding and
are usually thick bedded. In most of the ceses bedding
seens to be initieted either by change in the colour or size
of pumiceous meteriale, The contsct of most gravel layers

with other litheotypes, inparticulsr with distomites is



TABLE &: [escription of Grain Size Distributions of Gravels (Up.5.)
p

Samp le Thi k= Mean % % % 1 Textural

No. Lithology ness Colour Size Gravel Sand Siit Ciay Nomenclature

03-C Gravel 0.75 Yellowish grey 1.7 35.45 30.78 25.08 3.77 S5iity gravel

03-b Gravel 0.4 Gray =15 86.92 5.04 6.86 0.34 Gravel

05-D Gravel 2.0 Gray 1.66 34.5% 38.81 24.16 “ Sitty sandy gravel
|5-Bl Grave| 0.3 Gray ~2 80.8 14.82 3.09 foll Grave |

15—82 Grave| 0.45 Gray 0.23 36.36 44.6 14.7 - Silty sandy oravel
| 5=C Gravel 0.4 Greenish yellow 0.43 42.85 39,00 13.75 0.35 Dito

15D Grave | 6.5 - Gray -2.3 90, 7.83 | .89 - Gravel

16-A Grave| 0.25 Gray -1.06 57,86 37.94 3.4 0.15 Sandy gravel

16-C Grave | 0.73 Gray 0.3 55.47 41.63 |.68 - Sandy gravel

16~1 Gravel 0. ! Yellowish gray =-0.13 30.04 58,84 | - Dite

17—A02 Gravel 0.06 Yel lowish gray .9 43.21 V285  37.37 241 Sttty arave!
17-A,,  Gravel . 03 Yellowish gray =-0.23 67.97 4,78 21,51 .08 Sandy gravel

I7~8' Gravel 2.0 Yel towish 0.5 87.61 b. 19 9.4 0.58 Grave|

}T—Fz Gravel {218 Yellowish -2.05 63.84 32.44 2.73 0. 36 Sandy gravel

[9=C Gravel 2 Gray il il 10,78 }9.22 8.63 0.07 ity sandy gravel
52-Ai Grave| Q.15 Light gray 0.86 51.07 16.57 29.83 0.24 Silty gravel

SS—A? Grave | 103 Gray -1.53 65-96 29.54 3.58 0.10 Stity sandy gravel

54~8 Gravel 1.6 Yetlowish Gray =-0.76 80.86 2.97 12.88 o Cravel




distinct, but within the different gravels and sand beds it
is most thHe time gredational, Poor grrdstion of size is ¢*
common in most beds. .Apart from horizontal bedding and gra-
dation in size load casts are prescnt locally in some gravels
that immediately overly fine grained scdiments. The relief
of the load casts ranges from 5cn to 10cnm,

The gravel in locality 17 (Plate 5) is different in cha-

racters both in composition, structurs and texture thammost—

beds of these lithotypes. It is cheracterized by lerge scale
planar cross-bedding which dies out as lenses in the diatomi-
tes associted with it, Its colour is brownish yellow. Grains
are extrenly rounded, end the mininum size of pebbles here

is fine grenule, and sandy or silty metrix is either few or
not present. It shows conplete normal and inverse gradation

of sizes regularlly with in beds.

The gravels of the top section of the sequence, especi-
ally the interbeds in the distomite are rich in shells of
fresh water gastropods #nd bivalve at their top. The shells
commonly form the upper 5-12cm of the gravel layers. The
shelly gravels like the others are puniceous with the grain
sizes of the individual pebbles varying from 2mm to 2cn,
often the proporition of the metrix being lower., They are
sometimes inversely graded (locslity 51). The pumice pebbles
are subround2d to rounded in most layers. The shells are
thin losely atteched to the pumice pebbles and =rc completely
prescrved, Their size is variehle, hut cllongatcd tyvpoes seenm

to dominate in rnost horizons. Three specics of gestropods
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Plate 6 Shales of gastropods and bivalve

Gastropods

Bivalve

[

Gyranulus apertus

Melanoides tuberculata

Bulinus africanus

Corbicula consobrina
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angd once spacics of bivelve rro identified (pl-te 6). The

ideptified gnstropeds =re Milsnoides tuberculata, Gyranulus

spertus and Bulinus ~fricenus 7nd the bivalve is Conbicular

——— s s e

copgobrina. Mo preferntirl orientntion of those shells is

obscrved in the grrovel loyers., This mey indicerte the sudden

denosition of provels ~nd shells. The f-~¢t thet the ges-
tropods nand bivelves arc not dsnege by the punice pebbles

is attributed to the lirhter density end softness of the

—  puniee—pebbles:
The shelly greowvels ocecur ri:culerly in the upper sec—
tions of the sequence ~nd not represented in the zouthern
nost sections. A possible evplation to this could be
thet these loerlities In gensresl are dominsted by finer
craincd scdiments (silts »nd distomites)which are thought
to be deposited in r reletively deeper wrter inbosriteble to
these berch or very shallow w-ter rratroneds and bivelves
(7.Russc, 1986,pursonrl connumn).
Composition
The najority of the grrvels with one excepbion are nore
or less siniler in composition. Punice preins mostly form
the l-rgcst portion, clnsts of obsidirn =~nc besalt rre the
frequent lithic components in most of the grrvels with vearie
gble proporition of size =nd shzpe. Scorea, igpimbrites »nd
linopnitized gr-ins rleo ceceur 2g lithic froa;ments in fow

srinles. Tho =iexinum size of lithies includins the numice

m
A

l=sts renches upto Seni. Gless shrrds, feldsnors-seonidine

o

and plspioclsse, chert constitute the 1i.ht miner-l freoction

~n

of nost grovels while biotite, nagnetite, sugite and horn-



i

blende in corder of increasing immortance largely present as
heavy mineral fractions. Certein gravel laycers contein few

diatom tests and fragments of plants.

Thegwamﬂ_bgi}pgkg;@ltgﬂQ,QTﬁQQ~Q%wsfﬁffamnﬂf’_*_*

aésociation of constituents from others. It consists of
punice,crystals end lithics. The lithic components include
vnlcanic rocks such as ohsidian, massive basa2lt, vesicular
basalt and massive oxidized basalts, spilite materials
(altered volcanic rocks of dacitic to a2ndesitic composition).
Chert, isoleted crystals of gquartz, biotite, tourmaline,
hornblende and some lepidocrosites form the minersl propo-
rition of this grevel., The cormplex composition end the high
degree of roundness of the grains even in basalts inply a

derivation from » nixed distant source.
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2elolee Bands

Sands conprises 5% of the lithotypes of the stretigraphic
column of the Upper Sequence., They sre present in alpost all
sections of the sequence and occupy the bottom section of the
column although few interbeds =re precsent in the middle and
upper parts of the column., They usually overlie or inter-

bedded in the fine grained scediments such as silts or diato-

 mites (eeeFigs 7)o

The sands vary in colour from whitish gray to gray and
yellowish oand sPre texturally classified ~#s slightly gravelly
medium sand, greavelly silty sand, and gre=velly sand. The
grevel froction of the sands is mostly dominated by pumice
grains and few lithics. The thickness of individuel beds -

ange from S5cn to a maximum of S55em. Veriestion in thickness
is impersistent both verticzlly and laterally. However, in
some sand interpeds the thickness is regular. Gencrally the

sands are poorly indursted and horizontally bedded.

The send beds in the eastern part of the area (locality
19) are slightly different in chsracter than other beds,
They are light gray in colour, and apparently better sorted,
both of them being fine sand with very little or no clay
sized materials., They are relatively consolidated and cosrser
sand grains are locally concerntreted es lernses within the
beds. Traces of poorly represented smell scele oscillatory
ripples are present on the surface of these ssnd locally.
These features-the cleanness of the sends (revealed in the

absence of clay sized materials), the local concentration of



TABLE® : Descriptipn of Grain Size Distributions of Sands and Ashes (Up.S.)

Sample Thick= Mear % 4 4 % Textural
No. Lithology ness Colour Size® Gravel Sand 511t Clay Nomenc lature
03~E Sand | .4 Yellowish brown 3.1| F71.53 36,54 20,7 G Gravel Ly silty
coarse 5and
05~E Sand 3.3 White gray .56 22.6  38.63 33.13 |.84 Grave!ly siity sand
08=-C Sand 0.25 Yallowish 153 2\ 96.79 .9 - Slightly gravelly
med. sand
t4-8 Sand 0.8 Uight brownish =~1.56 78,92 .08 03 0.84 511ty sand
16-G Sand 0.7 Grey 1.25  11.49 82.6 4.94 0,35 Gravel [y coarse sand
6~k Sand 0.55 White gray «}. 16 20i8 76.47 2.6 b Gravelly coarse sand
[9=A Sand . 5 Dark gray 2.93 = 78.6 20,595 - 51ty sand
I9-82 Sand b2 Gray 3.1 - 92.16 1.85 - Sand
53-8 Diatomaceous 0.05 Gray 1,36 10,59 U722 9.46 = Cravelly stity med.
shefly sand sand
54-A Sand 0.8 Yellowish .15 25,84 53-65 |7.01 2.5 Gravelly silty sand
03-B Ash 0.6 Gray =0.03 52,17 40,42 6,53 0,47 Coarse ash
05-A Ash 2.2 White gray =005  36.81 1780 22.92 Q.16 Coarse ash
05=C Ash 0.2 Gray 0.53 21.67 62.86 9.83% 1.66 Coarse ash
| 8=A Ash 4.3 Criay 8.3 i - 98,84 1.16 Fine ash
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coarsez. sand grains, end =zlthough poorly defined, the osci-
llatory ripples may indicate the action of waves during the
deposition of the sands implying thet they are formed in the
beach part of the lake., The beach charncter of these sands

ig also shown in section 4. e —

Composition

The minerslogical composition of these sands does not
show much difference between the individual semples. The
important constituents include punmice, and lithic fragments,
Glass and Crystals src second in importance,., The clasts con-

gist of bas2lt, scorea, rhyolite. Obsidian and Pumice.

The pumice grains are altered snd sometimes limonitized
and constitute the highest proportion. The common crystals
are chert, qusrtz, senidine and plegioclame with encrusted
pyoxen (augite). Glass shards are abundant in the very fine
fractions and are thin and fibrous like in shape. Hornblende,
augite, biotite and magnetitec are the frequent heavy mineral
grains in all the send samples. The sand interbeds in diato-

mities are distomacecous.
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TABLEF: Coampuaitionn) Characteristics of the Upper Scguence eposits

Samp e
N, Lithology Py V.G. K.F. P.F, Q. Obs Ba Ry Se F.OX Th Pxn Mg Hb Bi HF .
a3-C Grave! A A 5] ¢ C (- c g R = - R F F € 0.04
G3-D Gravei A A [ i R L &= = = = G 0 A C F 0.6
05-0 Cravel A A T « R - =~ C O F A F R F 0.6
15-B Grave | A A o 6L = 0 = = = - o0 F = =« B2

. iS'-Bz Grave | A A F F O F # & = & O € A R - 0.2
[5-C Grave| A A F F &6 © 0 G (6] A

E R R = C R A R 0O 8.2

16~A Grave | A A F [S 0 F = B = = F F F A = 0.5
16=€6 Gravel A A 7 E = FF = = @ FR F A& = 0,3
15=1 Gravel A C 0 F R € = = @ = "=C F A - 0.
17—A02 Gravel A C 0 & & F 0 O = @ 9 0 F A =~ 0.1
!7—&04 Gravel A C 1 c 9 F @ 0 - 0 0 8 F A = sl
17—81 Gravel A A F F 2 C C © R = F A o € F @3
1782 Grave| A A E F B8 & £ @& R = F A 0O € F 03
19 Grave | [ A F F Q F = G = 0 F 7 0 F 0 0.06
f‘f—ﬂi Grave! A C & o - o R - c € C A G R R 0.06
ES-A. Grave | i A . 3 F R O = R = = - R B9 A s B2
S4-5 Grave | A £ F F - R = = = R 0 R £ £ = 9.
HEE Sitt A A ) O F - - = = R 0 B - A = HM.D.
16-H St c A C £ L # R - - 0 = G f = = HN.D.
1= SN C A 0 F R C - -~ 0 = - B F A - 0.06
I7-Aq ST 5 A F [ 3 - - =~ =G = €& R F = RD,
17-h), Sitt € A € € 0 F R - R~ OR F A - 02
I'f-ﬁo-j Shiy L A € c 3] F 24 - =~ = (6] E = 0.2
f?-nfkt Sirt £ c & & c - = R - - fR R = N.D,
S2-A, St A A Q F - 0 F R g F € A F R = ;3
O%E  Sand E B OF R £ 0 = =« G#H K F o 8.5
Q5-8 Sand A A 0 F S - = - - F R R = 0.
35=-C Sand A 4 R F 3] 0 R 0] o = . R 0 R 0 0,78
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Table ¥ conted.

Sample

No. Lithology Pu ¥.5. K.F. P.F. ©. 0bs Ba Ry Sc F=0OX Ch Pxn Mg Hbh Bi HF 4

[4-8 Sand A A F F G - = = - F R F A - 0.5

16~E Sand A A F F R 8 = == R = 5] A € = 215

16-C Sand A A c 3 ¢

i9-A Sand A A i ;
W

52-92 Sand A A C C

S4-A Sand A A F

83-A Sand A € F

53-G Sand € € 2

07-A Ciatomite F F 0

08~ Diatomite 0O R R

20-A  Diatomite R O -

5Z-A Diatomite 0O F =

52-8 Ciatomite R F R

925 Diatomite O F =

52-D Diatomite € € - R - 0 = = =0 = = = = = ND.

53-8.5 Diatomite F F - = = R = = = = 0 - - = = N.D.

3-8 Ash A € F R & = ¢ OF = A € € 0 02

05=-A Ash A A F A R E = - 0 F F A F R = 0.6

05-C Ash A A b € O % R - F R R C C O O3

18-A Ash A A F C o= F R & = F - C F F R 0,15
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.ne silts of the Upper Sequence occupy 14% of the colunn,
and are third in abundenece ncxt to gravels and distomites.
They are gray, grayish white, grecnish grey and dark gray in
colour, The thickness of these silts vary from “10cm to a
naxinum of 1.7mts. .About 70% of the silts sre dominantly
medium silt sized and the rest 30% are cither cosrsesilt or
fine silt.

VMoTe then 60% of the silts are dintomaceous. fhe di;to—
maceous silts commonly occur in the middle and bottom of the
scction for the sequence., Whenever they are diatomaceous
they often sre associated with the cosrser grained sediments

and generally rest on sandy gravels,

The silts are poor to semi-consolidated in most of the
sections end ere thinly bedded. Iiemination is the most common
sedinmentary structure displesyed by them. The individuzal
laminee vary from layers to layers and in-~some the Laminations
are less than ‘nm., while in others they even reach upto 4nmm,
in thickness. In some of the silts orgenic matter layers,
especially at their top are observed. The thickness of these
layers is very very thin and in one sample (53B, plete 7)
three lsyers, a ¥mm thick and separsted from the above two
by 1¥cm and two layers 1mm thick each and separated from
each other by Tmm silt lamina are observed to occur persiss
tently within the ssmple. However, from the results of the
semiquantitative organic matter anslys:s given in section 3
most silts are found to contain very little amount of orgenic

matter as conpared to the gravels,



Plates ? ®

‘hin layere of organic uatter in silts,
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Compesition

Compositionally, the silts are formed of feldspars, glass

Shards, Cherts of Variable clour, quertz, pumice grains, and

few lithics of volcsnic rocksiIJEg;agtiallyfth55§”ééhéﬁifﬁ ﬁ%é
are-siﬁiiaf”wffh(ﬁhgrégéégituents of other lithotypes.
Obsidian, scorca and tuff are the lithic compgnents of the
silts., Pumice greins 2re usually subrounded to rounded.

The glass characteristically forms 70-80% of the components.
Hornblende, tourmaline (?) =2nd augite are the frequent =
heevy minerals in most silts and sugite is the dominent type
anong them. Calcareous concretions, small amounts of iron

oxides (limonite) and zeloites are present in some of the

samples.

Sone of the diatomaceous silts contain shells of gas-
tropods and remains of plants. A remarkasble feature of the
silts of the bottom section (Fig. 8) is thet they contein
shells of ostracods. Especially, samples 16F, H and 52—A2
are extremely rich in fresh water ostracod shell of “the
same type of species. The presence of few species of fresh
water ostracods in oligotroonhic 2ssociastion is suggestive
of a very restricted and selective or closed environment of

legoonal type (F. Russo, Peronal Commun).
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TABLE @.

Description of Grain Size Distributions of 511ts and Diatomites (Up,S.)

Ssample Tiick= Mean Textural
No. Litholoty ness Colour Size® Gravel Sand SIE Clay Nomencl ature
(=4 S1.1F 0.3 Yellowish White  3.58 i 49, 3] 49.85 0.65 Sendy silt
te=11 §1tt 0.07 Wnijte D | = 32,4 63.28 2.356 Sandy silt
o= Siltt 1.18 Grayish white 4.53 30, 04 56.81 .71 - Dito
l?-AOO Uiatomaceous silt 0.2  CGray 5.46 - 2B 89,67 o CARE

7 Aol D atomaceous silt 0.1  Gray 5.3 = 5,24 8. 12 Z.34 Si
!?—ADS Diatomacecus silt 0.12 Dark gray 4.83 i2 5.95 72.85 4.95 Gravelly silt
f7-Al Diatomaceous silt 1.72 Grayish white 5.96 = - 85,64 14,35 Sitt
52=A,  Siit 0.25 Greenish gray 4. - 26.04 57,76 i1.95 Sandy i1t
53-8, Diatomaceous silt 0.2 Yellowish 4.7 - - 17.33  82.6  Silt
07=-A Diatomite 1.22 Yel lowish white 6.435 - & 83.45 |6.55 Sitt
08=D Shel Iy diatomite 1+22 Diptto 6.75 - - 74.69 225 5] Ay
20-A Diatomite 0.2 White 6.86 - B 65.92 34.08 Mud
52=-A Diatomite 0.85 Grayish white 6.13 - - 88.63 11.37 SiHr
52-8 _ Diatomite 0.5  Gray 6.46 - - 84.36  |5.64 St
52-C Diatomite .5 Yellowish white 6.43 ~ - 87.00 [3.00 Siit
52-D  Diatomite .8  Yellowish white 5.38 - - 81.55 18.45  Silt
53-8 Diatomite 6.16 Grayish white 6.16 - - 83.60 156.4 Sit

3




2e2.2.4 Distomites

The dirtomites of the TUpper Scequence are one of the
major lithotypes that ocecupy the largest section of the
stretigraphic colunn of the sequence. They range in colour
from light gray to yellowish white and chalky white. Sections
of dietomites occur in the central and southwestern part.
They =are fine g:gingg,_pgqp;y,QQnSDlidated and—evtremly
7fr£agié,r-The thicknesgs of the individual diatomite layers
varies from 50cm (locezlity 19) to over 10mts (locality 54).
Thickest sections are found in the southwestern part of the
area in the more deeper sections of the gullies feeding
Bulbula river., The diatomites in the northeastern part of
the area do not exceed Imt and represent the upper portion
of the sections. The simplest occurence of these diatomites
is shown in plates 8 and 9. Notice here the colour change

of the diatomites in both localities.

Observation of these distomites in the field have
shown that with few exceptions they occur directly above the
gravel layers. Two main distonite lsyers or horizons are
identified from their strotigraphic relationships. The top
layer. is represented in localities 07 and 09 and has a
thickness of 2mts. The second layer is about 10mts thick
and is exposed usually even in sme2ller sections both in the
central and southern part of the area (localities 53 and 54).
These two leyers are not thet much different in their litho-
logic details. However, the top layers contain atleast two

grevel interbeds with shells of gastropods and bivalves,



Plate 8 Diatomites of the Upper Sequence (white)
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Plate 9 Diatomites of the Upper Sequence (grayish white)



The diatomites at the top of the section sre massive and
bedding is interrupted whenever gravel or esh ere interbedded
in between. The bottom sections of diatorites are thickly
bedded and internally leminated. The laminstion alternates
between grayish white snd yellowish white layers. The grayish
laminae 2re probably caused by 2sh., The individual laminae

vary between ‘1cm and 10cm. jflthough there is this varistion

in the thickness of the laminae, their thickness, however is

regular being 4cm on the sversge. The bedding plencs bounding
the diatonites are sharp contacts regardless of what lies

above and bzlow them.

Unlike the diatomites of the Lower Sequence, these di-
atonites s2re unaffected by faultinp 2nd hence =2rc loose and
not frectured, Sone of the diatomites contain occasionally
organic matter and similar» typcs of shells that occur in the

gravel interbeds between them.

Composition

The composition: of these diatonmites are not different
from the distomites of the Lower Sequences, They are ex-
tremly rich in fossil distoms. Other constituents commonly
found in the other lithotypes are present to o smaller extent.
These include punice clasts, glass shards, silt sized lithic

fragments, chert, few iron oxides and zeolites.

Chenical analysis of 12 samples (teble 8) from these
distomites indicates a leower evcerage SiO2 percentage (8%.4%).
This veluc is low when compsared to that of Lower Sequence

(table 3) and is compensated by = comparative increase in



TABLE &: Chemical Analysis of Diatomites of Upper

Sequence (after Rnoth, 1981}

Sample H,0 at
Na. Si0, AIy0y Fe,0, Cal g0 Ma,0 K,0 MO T;0, lgnition | o0
| 76.5 1.8 3.7 1.4 0.9 2.4 1.7 0.1 0.7 4.8 5.11
2 85.0 4.7 2.4 O'éﬂ%
— 8 5B 2.2 L3 04 6 0.8 01 OF 54 5.7
4 83.8 4.8 2.6 1.0 0.4 1.3 0.6 0.1 0.4 5.1 '5.7
5 83.0 5.7 2.6 0.5 0.4 1.4 1.0 0.1 0.4 4.9 6.5
& 85.0 4.4 2.5 0.5 0.3 1.6 0.6 0.1 0.3 4.7 5.6
7 85.4 4.3 2.3 0.4 0.4 1.5 0.6 0.1 0.3 4.7 5.4
8 85.5 4.4 2.3 0.3 0.4 1.4 0.8 0.i 0.3 4.5 6.0
83,7 5.0 2.8 0.4 0.5 1.6 1.1 0.1 0.5 4.4 5.0
1o 82.5 S.6 2.7 0.6 0.4 1.9 1.2 0.1 0.4 4.7 4.5
iy 80.5 6.3 3.3 1.1 1.1 0.9 1.0 0.1 0.4 5.3 5.2

12 835.2 2.2 1.3 3.2 0.3 0.7 0.5 0.1 0.3 6.2 5.4
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aver=age valucs of f;l?O5 (4.9%) and Fe 505 (2.5%) which may
be ettributed to the incrcrse of ash iwmpurity in the diatomites

of this sequence.
2elee5 [LiShes

The ash of the Upper Sequence generally are among the
minor lithotypes in the stratigraphic sections. They occur
in localities 13 and 52 most of them being in the southwesterg
part of the study area and in locality 51 in the_cen%ral part.
The thickness of these ashes varies from less than 10cm to =2
meximum of 70cm, Often they occur as thin interbeds in gravels
and diatomites. The colour ranges from greenish gray to white
gray.

Although they occupy only limited segment of the streti-
graphic column of the sequence their abundance, however, is
frequent, This is reflected in their frequent interbedding
within the gravels or distomites. In perticular, in the
diatomites, they often cause the greater degree of impurities
and change its lithology to grade into diatomaceous ash or
achy distomites., Although not seern by most ash layers, poor
normal gradation and bedding is observed in some ashes (05C

and /] 81\1) °

Most of the constituvent materials are fine to coarse ash
except in few cases which reach upto lapill size. In one
sanple (03-B) the size of pumice clasts even reeches upto .
6cm. The green gray varieties consist of pumice clasts of
variable size, cbsidian chips and lithics of rhyolite, basalt

(andesite ?) and scorea. The baselt size remains to be
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smaller (1-1.5cm) than pumice greins. The marked property
observed in these kindof ashes is that within the same type
of lithic clests, the size distribution seems to be similar.
Most of the lithic fregments including the pumices also are

angular,

Composition o L —

_4“T£éiashié;mples, when examined under the microscope are
similar in nineralogy and texture, They are in general com-
posed of chert, feldspars, glass and lithic frragments. The
feldapars include both sanidine and plagioclase., Glass

shards are mostly angular, flat, sickle-like and occasionally
Y shaped particles. These orc associ~ted with crystals of
sanddine 2nd biotite in some of the =sh layers. The lithic
fragments come from besalt, rhyolite, obsidian and pumice in
the order of their abundance in most ash samples., Most lithic

fragments ere limonitized,

The punicé fragments arc white to gray tubalar, vesicu-
lated, thin and ellongatced most of the time. Sometimes glass
with small scattered plagioclase, hornblende (pyroxene ?) are
seen in association within few pumice grains. Among the heavy
minerals present in these ashes, pyroxen (augite), manetite,
hornblende and biotite are dominant in decreasing order of

importance,
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2e.2¢% Summary of Lithologics
The TLower Secguence =nd Upper Sequoence were clearly iden-
tifiable in the fizld by their occurrence. Lower Seguence
deposits are mainly exposed in uplifted blocks and are
generally disturbed while the Upper Scequence deposits occur
in the flat areas of the region without being affected tec=

tonically.

- Thg_lithplogic_dcscriptioas for both séquences showed
that similerity exists in the gross charscters of the litho-
tyres. Thickness of sedinents increases westwards and north-
castwards. Sediments sre rsenerslly frisble and unconsoclidated.,
Bedding is the nost common se¢dimentary structure displayed
by these sediments and seems to be initiested particulerly in
the coarse grained gravels by 2 slight change in colour and
size of materisls. This may suggest constant supply of sedi-
ments during the sedimentation period. Grrsvels belonging to
the Lower Sequence were not identified, However, their occur-
rence in the sequence is suspected further to the south., I
Shells of gastropods, bivalves and ostracads are found in the
sedinments of the Upper Sequence. The 2bsence of shells of
gastropods in the Lower Sequence of the study area may be due
to the lsck of shallow weater (beach) gravels,

The primary petrologic constituents of these sediments
are predoninantly pyroclastic mesterisls which indicsates that
the supply of the se¢diments was from & volcanic center whose
products are largely pumniceous materials. The major pebble

and granule lithologies of the gravels are pumice, obsidian

and besalt.
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2.5 Texturaéi Studiecs

The sediments of the fdemi Tulu sarea studied varies from
clay size to pebbles with 2 maximum diameter in excess of
A0cn, Lateral and vertical chrsnges in grain size ~re common
and a2n accurate estimate of relstive size abundence is not

ossible. However, some rationalization is echieved Db
e 3

grouping size classes into genersl lithotypes - grevels, sands,

silts, diestomites and ashes.

Grein size distribution from the different lithotypes
were determined by dry and wet sieving of the coerecst
naterisl and pippette analysis of silt and clay sized frec-
tions. The results of the mechanical analysis are summarized
by Figs 9 to 16, lWhere possible, the following parameters
were calculested for each sample: medien grein size (M),
coarscst percentile (C), standsrd devistion, sorting coeffi-
cient, skewness and urtosis as in Folk (1968) (see tables

g to 12).

Meen, mediz2n, sorting and stendaerd deviation have been
ploted against each other (Fig 11 and 12) after the manner
of Miola and Weizer (1968). Values of coarsest percentile
(C) have been plotted against median grain size (M), follow-
ing the method of Passega (1957). These plots show the
distribution of texturnl parsmeters in the deposits and are
used for the interpretation of the enviroment of deposition

in scetion 4.
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There could bhe two possibilities for the distomites to be

deposited directly on these gravels

1) Either the brein wss continuously subsiding or

2) There was en increese in the level of the leke.
From the linited drte inference of subsidence of the bssin
wvould be unlikely. Hewever, incressce of the lake level
appcars to offer the best explenstion, It was established
earlier thet 2 lorge amount of weter was supplied to the
ancient lake in the region during the pluvial period in
Late Cuaternery a2nd thet the lsst lacustrine period corre-
late well with the last pluvisl period in Test Africa

(Rutzer <trl, 1972).

Corditions favornble to the growth of distoms ~re illu-
mination, =n abundent suwply of nutrient solutes, and silica
for sketetrl structure. Concernig silices, Cong=r (1942)
steted that there is alnost inv-risbly 2 direct reletion
betweosn its sbundance pnd the anount of diatom productivity.
The silica was probably derived to the ancient lake from

volcanic centers thet are found in the region,

Mersurenents of pH by Knoth ond Sisay (1981) for the
distoritss nainly in the Upper Secauence, are on the average
8.8 indiceting a slightly alkeline noture of the leke waters
during the deposition of diatoms. ‘fccording to Conger
(1642), diatoms apvear definitely favored in genersl by an
approximately ncutral or slightly alkeline pH, »nd strong
acidity supresses the diestom flora, He 2lso steted that
ciatom growth is fevored by relstively low temperstures be-

c~use inihbited bacterisl :ctivity reduces the ~cidity
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resulting from decomposition processes and becsuse lower
tempretures 2re generally recognised as optimal to dietom

materbolism,

Inferencc therefore may be made on the temperature and
pH of the weter of the ancient lake, It appears that the
diatozite of the ares ~rigineted by the settling of the =«
siliceous frustules in a lake hoving a relatively lower

terperature snd glirht¥y elkemline pH.

The ash intercellsetions which often cruscs the impurlty
of the diestonites imply concurrent valeanic: acticity along

with the denceitions of the distaonites,

Ohservetion of variestion in the thickness of the dia-
tonites and distomsceous scedinents gives clue in the neture
of the basin of deposition. is described earlier in the
lithologicerl scction thickness of these sediments increase
on the opposite sides of the vplifted blocks and volcenic
hills. The thicknesses were seen to increase to the west
and southvest, They also incresse in thickness north-east
wards sway frorm the foot of the northesgtern end of Alutu
towerds the Zway leke. This observetion indic-tes thet the
distomrceous sodimants perticulerly of the Tpper Sequence
probebly denasited in £ basin which was widening to the east

and southwest.
Volcenisn at Alutu wng probably contmined within the

Pleistocene anéd Holocene., E=srly erupcions were thought to

heve been sublacustring, snd lave injection probsbly domed
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the sediments locelly (UNDP,1973). The deposition of the
diatomitesof the Lower Scouence perheps could be related

with the early pheses (?) of the eruption of Alutu.

Radiocarbon age detings of the shells from the base
and top of diatomites belonging to the Upeer Sequence indi-
coetes thet the distomite was deposited in 4400 ycars between
9360+ 210 BP and 4960 + 140 BP. (Geze, 1975). Airound 10,000
to 11,000 yrs. BP. the four, Grlla lakes (Zway, Lanzano,
Lbiyata and Shala) were still or were again united as 2 single
lake standing at a height of about 35 to 45 mts above the
presaent level of Lake Zway (Laury and Albrilton, 1975). This
wes the period at which deposition of the diatomites of the
Upper Sequence began to take place., This supports the pre-
vious stetecment regarding the nature of the basin. Since
the level of the laske was only few mts above the present I :
level of Tiuke Zway (16%6mt) snd the height of the iAluto Volcano
(3%6 nt 2bove the sourrounding plain) being considerably
high, the supposition of the ecast snd southwest decpening of

the lake awey from this volcano is likely.
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Provenance

The lithology of .Adami Tulu sediments is lorgely or
exclusively domineted by pumicesouns sedimemts, The donl-—
nance of these pumiceous sediments indicetes that there
was intense rhyolitiec volecenism during the late period of
scdimentetion (UNDP, 4973)}. The eruption of dbaselts from
narth-north~east faults east of Alwotm is reported by the sane

snthors.,

Dipsula (19703 reportad the existence of rhyolitic
dome 2 Km west of fdami Tulu and phreatis explosion eratars
porth cast of Lake Zway. Gibson ond Drekin (1971 described
the Alutu Volesnie econter U0 be pantelleritic, fecording
to them, the geology of Aluty is donineted by a group of
porphyritic pitchstone flows and domes., DPumice and volumi-
nous ash flow tuffs perticulsrly occupy the ares south of
Lzke Langeno, The activity of Alutu volcano is believed to
have begen in the Pleistocene and continued in the Holocene

(Dakin, 1971;UMMDP,1973).

Field and microscopic observation of the commosition
of these s<diments ahve shown the sediments of the area to
contain largely of purice, and lithic fragments of obsidien,
rhyolite and besalt. The less degree of rounding or the
angularity snd freshness of the soft pumice grains in the
sends and gravels indicete transportation for short distance.
The leptokurtic and positively skewed nrture of the sands n
may also indicate the neesrness of the source., The proximity

of the area to the volcsnic centsrs, freshness of the soft
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puzice grains, the dominance of glassy materials in beth ¢ »

coarse and fine grained sediments pnd the litholngic and age
rclationship of the idemi Tulurscdiments with the available
drta suggest that the source of the sediments to be from a
volcanic province to the south gast of the aree fronm /luto

and its contributary volcanoces,
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Sunmary and Con¢lusion

The /Adani Mulu sediments which renge in age from the
Pleistocene to Holocene consists of gravels, sands, silts,
diatomites and intercallation'of ash and tuffs., The deposits
in gensral sre unconsolidated and poorly sorted with wide -
variations of textural perameters. Sediment size ranges from
finc silt to coarse gravel with occasional gredation. Cosarse
grained sediments show horizontal bedding, messive bedding,
crosstedding and load cesting. The fine grained sediments

are either nassive, thinly bedded or laminated.

The volumetrically important constituents of the depo-
sits are pumice, glass shards, volcanic rock fragments,
feldspers and quertz, Generally they s2rc charscterized by
high puomice to totel volcanic lithic fragments ratios. The
immortant heavy minerals sre pyroxens, hornblende, magnetite
end biotite. The major pebhle ond grenule lithologies of
the gravels #re punice, obsidisn and basalt. These compo-
sitional festures indicate derivetion of these sediments

from a volcanic source.

The sediments contain orgeinc matter in concentrated
and dispercsed form. The relstively higher concentretion of
organic matter ot the bottor of the TLower and top of the
Upper Sequence m2y be indicative of two periods of incressed

supnly of orgenic matter,
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The sedinente are identified to be fluvio-lacustrine.
The majority of the grevels and sands rre interpreted =as
fluvizl depeosits. The gravels rich in shells of grstropods
and bivelves and sssociested sands =2re identified to be
shallow water berch sediments. The lacustrine deposits are
raecognised as diatormites #nd silts. Interstratificed ash

and tuff ore either flow or fall deposits.
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2.3.1 Textures of the Lower Sequence deposits

Sands

The sends of the seguence are composed of on the average
4% gravels, 67% sands and 27% mud frections. The median size
ranges from 2.1 @ to 3.98, the averege being 2.99 and the
averzge mean grain diameter (%.28) for these samds is fine
.sand, This value is low for most sands because of the pre-
sence of significant, proportion of mud (table 1), The tex-
tural clessification according to Folk (1968) for these sands

are gravelly silty sand and silty sand.

Irn general the sediments are very poorly sorted and
exhibit sorting coefficient values of the order (1.958 to
2.118). The valucs of skewness for the semples esnalysed are
positive ranging from 0.09 to 0.53% which indicates distribu-

tion from near symmetrical to strongly fine skewed,

Silts
The silts of the Lower S_quence generally conprise
medium (46%) to coarse silt (33%) fractions with clay frac<

tions in the range of 1% to 29%, average value being 21%.

From the granulormetiric indices of teble 9 calculated
from curves of Fig, 10, the median average is found to be
5.750 while the mean dismeter is 6.86@ (medium silt). FExcept
one sample 42K which is moderstely sorted, the majority of
the samples are poorly sorted. Sample 42% is moderately
sorted because of high percentage of medium silt fractions

and relatively lower cley frections., They hove variable
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TABLE9Y: Granuionetric Indices of Lower Sequence Deposifts

Sampie Lithology Coarsest ¥ Madgian Mean Sorting St.Deviation Skewness Kurtosis

T Mi Md & 1 Sk

No. C Microns Ma ¢ @ o, 9a Sk KG

04-C Sand 5000 2.7 2.93 3.0 3.26 0.09 0.93
04-D Sand 4500 2.1 Z2.16 1.85 1.7 .42 | .42
47-4 Sand =75 3.9 4,73 2.8 2,75 =55 b 23
4-8 Diatomite 1600 Pl 7.56 2.6 5.25 0.29 0.6

04-E Diatomi te 42.7 7.2 7.16 1.45 .45 0.02 .09
40~A Diatomita 28.2 V.5 7.5 1.10 1.0 0.05 1.8

44{-C Diatomi te 45,7 & 6.26 1.48 .6 0.31 0.97
44-E i atomite 45,3 6.7 Tx43 2,01 2.15 0,52 0.87
58«8 Diatomite 45.4 TS 1.56 1.4 1.4 =003 1.07
Od=F Sttt 4.0 4,9 5.53 | ;95 0.85 .39 54
41+B Siit 37.45 6.8 7.03 ba25 .05 0.29 1.63
42-E Si i+ 37.45 5.8 6.03 1.12 0.85 0.53 3,14
58-C St BF 43.7 i 633 | .77 1.8 0.65 1.48
41=F Ash 43,7 5.7 5.36 0.64 0.65 0.40 0.95
42~D Ash 5600 29 2.5 Z.83 280 =0.%2 0.90
58—AG Tutf a7 6.3 6.66 1.67 {.65 0.42 1.16
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skewness (0.29 to 0.65) which varies from finely skewed to
strongly finely skewed. The kurtosis value in table 9
indicetes that the cunulative curves (Fig. 10) are leptokurtic,

implying better sorting in the central porition than the tails.

Diatomites

The diatomites of the the Lower Scquence comprise on
the sverage 40% fine silt, 17% medium silt, 11% coarse silt
and 31% clay sized fractions. This distribution of sizes .
shows that they are dominantly fine gresined. The mean grain
diameter for these sediments is well sbove 7@ (very fine
silt). The sverage of 6 semples is 7.19@. Although the
abundent size in most samples is very fine silt, nearly all
the analysed samplegs are poorly sorted as indicated by the

velue of their sorting coefficient (on the average 1.678).

The skewness velue for these diatomites (average 0.16)
indicates that 50% o% the semples are neer symmetrical while
the rest 50% are finely skewed, FKurtosis values for the majo-
rity of the diatomites epproaches normal kurtosis implying
conmparable sorting bhetween the tails snd central porition

of the cunulative curves (Fig. 10)

Ashes

Mechanical analysis of the sshes from the Lower Sequence
showed that the ashes are generally conposed of ash particles.
From the three samples studied, 9C% of the meterials for two
samples &re smaller than 5@ (1¥%2mm) and for sample 42D 80%
of the nateriesls are in bztweer 4mn and ’1/32mm° The median

size lies bhetween 2.9¢9 and 6.3@0. The textural psremeters
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calculeted from the main populestion of Fig. 9 indicates

thot except one sample 41F, which is moderately well sorted
with sorting coefficient of 0.65@, the rest sre poorly sorted
with higher value of sorting coefficients (Table 9). The
skewness values of 41-F end 58-i0 2re positive-strongly skewed
towards fine perticles while 42-D is cosrsely skewed with .

negative (-0.12) skewness value,

When the median disrmeter Md@ is ploted against stenderd
deviation oy(Inman's parameter) for pyroclastic deposits, they
penerally plot in two fields, one characteristic of fall dep-
osits, and the other of flows (Welker, 1971). Such a plot
(Fig. 11) for the ashes of the Lower Sequence places the fine
greined ashes 41-F and 58-40 inside the fields of pyroclastic
fall deposits and 42-D in the field of Pyroclastic flow depo-
sits without overlsp clesrly indicating the f2ll and flow 2
nature qf the ashes, 1In a plot of MA@ ageainst sorting coe-
fficient (fig.11) after the manner of Walker snd Crorsdale
(1972) te distinguish sutrseyan from plinisn deposits, the
grain size charecters of the ashes fell in the fields of

diagbsl freigg.
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2e%.2 Textures of the Upper Sucuence deposits

Gravels

The grevels of the sequence generally comprise particles
of all sizes with highly veriable amount. The gravel porition
forms on the average 60%, sands 25%, and mud 15% of the con-
stituent sizes. Although the average vealue of gravels scens
to be lower heceause of the significent proporition of sand
and or mud fractions in some ssmples, the gravels percentage,
however, cxceeds 80% in certain gravels. Such as 03-D, 15B ,
17-B , and 54B (table 2)., On the bagis of the relstive pro-
portion of the constituents, the gravels are texturally cla-
ssified as silty, sandy, silty sandy and gravel following the

clasgification scheme of Folk (1968).

The high proporition of muds and sands in these sediments
have reduced their average mean diemeter to -0.48@ which is
very coarse sand, however, in all the samples plotted atleast

20% of the frection srec coarser than granule size (T4nmm).
&

The sorting charactcers of these sediments likewise are
greatly influenced by the wide range of grain sizes. It lies
in between 1.58 to 4,158 which is from poorly sorted to extre-
mly poorly sorted (teble 10). The skewness veluc for the
gravels veries from C to 0.92, nearly 2ll samples being stro-

ngly finely skewed,

The mejority of gravels have engular to subangular grains.
Certain grevels such as 17-R , 05-D and 17-A02 have greins

displaying well rounded features,
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TABLL to: Granulometric indices of the Gravels (Up.S.)

Sample Coarsest % HMedian Mean Sorting St.Deviation Skewness Kurtosis
No. Lithology Cilmicrons! Mo @ @ o, 9 Sk1 KG
03-C Gravei 9600 1. 1.7 4.4l 4.35 2.3 0.78
03-D Gravel 11200 ~1.5 <1.5 . 51 0.5 0.3 5.66
05-0 Grave| 1 6000 .4 l.66 3.B8 4.2 0.18 0.83
|5-'Bl Gravel | 7100 2.4 =|.2 Z2.96 3.05 0.6%9 1.08
15—82 Gravel 11200 @] 0.23 2.8 2,85 0.2 <51
15=C Gravel 11200 =06 0.43 3.1} 3,45 .43 .03
15-D Gravel 19200 2.6 =2.3 f225 .35 0.40 0.%4
16=A Gravel 11200 -1.2 .08 .18 [ 0.2 .04
16-C Gravel 8800 . 0.3 ~0.3 L.77 2 O 0.76
16=1 Gravel GOCO =0.6 =0.13 2.23 0.1l 0.46 1.68
|7-A, Gravel 6000 2.3 1.9 3.52 3. 0.00 0.63
I'r'--!’\o4 Gravel 1 2000 =3 -0.23 4.15 4,45 0,92 Qi ¥
l?-B[ Gravel 11200 =2 H -2.5 [.58 0.5 .41 Tad
l':’—B2 Gravel 38400 s ) =203 l.5¢ PR -0.33 0.8t
19-C Gravel 17100 2.4 =iis2 Z2.95 .05 0.69 1.08
52-:‘\| Gravel G600 Q D.BE i.33 3.8 0.33 0.53
53~-A Gravel 19200 -2 -1.53 2007 2 | 0.42 272

4= Gravel 1 9200 -8 =078 %28 *. 75 < .78 1.91
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Sandsg

These lithotypes consist of on the average 75% sand,
12% grovel, and 15% mud froctions. As shown in Fig. 14 of
the size freguency distribution for these sands, more than
70% of the materisls in most somples are below the coarse
sand size as a result of which the mean and median vslués
1.280 and 1.17% respectively, are in the medium sand grade,
Like all other sediments of the sequences, the polymodal
nature of the size size distribution of these sands is seen
by the breaks of the cumulative curves (Fig. 14). BSorting,
except for two samples 08-C and 1932 (Table 11) which are
moderately sorted, for most of the sands of the sequence
is poer to very poorly sorted as it is indicatesd by the
average value of 2.0%@. The skeweness value is in the range
of -0.16 to 0.78 which is fronm cosrse skewed to strongly
finely skewed., It cen be inferred from their Kurtosis values
that thec sorting in the central porition of the curves is °

betfer thren in the taris of the curves.

The grevel frerctions and most of the sands are angualr

to subangular,

§iltq

The silts on the average consist of 67% silt, 17.4% sand
and 5.8% clay sized particles. The size distribution of these
sediments is shown in (Fig.15). The mean snd nedian diameters
are nesrly sinilar for the analysed samples (5.150 and 5.28
respectively) which are in the medium silt renge. These values

ars relotively lower when compared with those for the silts

of the Lower Sequence due to the presence of sand fractions.,
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TABLE |1: Granulomeiric Indices of Sands and Ashes (Up.S)

Samp fe Coarsest ¥ Meaian Mean Sorting St.Deviation Skewness Kurtosis
Ho. Litnoicgy CGhicrons? Md @ pil oy 56 Skl KG

03-E Sand 10400 1.0 .33 3.l 3.2 0.24 0.87
05-8 Sand 22400 2.4 l .56 4.2 4.55 =016 0.74
08-C Sand 2400 l.4 1,33 0.9} § .l 0.12 0.70
|4-8 Sand 25000 =32 ~-1.56 317 5.25 =0.33 1T
| 6=03 Sand 4800 -0.4 =0:23 25 G, 75 .45 2.97
16-E Sand 13200 ~§:. 3 =4,06 |33 1wl 0.28 !.6;3
19-A Sand 700 2.7 2.83 1.43 135 0.32 .2
19-B, Sand 6C0 3.2 3,1 Q.15 8.75 -0.16 s B3
53—8; Sand 5200 - L3 1 .36 2.0l 2.0 G.04 o L
54-A Sand 8800 0.3 AP B 3.3 3.65 B.57 1.0
63-B Sand 2000 1.5 1,65 5.54 5,81 09 1.4
&3-G Sand 11000 1.0 ) 3.56 3.6 0,29 ks £l
03-8 Ash 20800 ~0.5 «<0.,03 2.83 3.0 0.2l 0.85
05-4 Ash 23400 -6 -0:05F 4.05 4.75 0.51 0.62
05-C Asn T ZOH00 “f.% 0.53 .03 2.85 0.44 1,17
0. 55 0.2 l.38

18~A Ash 50 5.5 9.3 0.65
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TABLE 72 : Granulomatric Indices of Claromites and Sitts (Up.5.)

Sample Coarcast ¥ Mecian Mean Sorting S57.Deviation Skewness Kurtosis
No. Lithology ClMicrons) Md @ & Sk LS
! G | G
¢7-4  Diatomite 47 6.2 6,43 |47 {.55 Q.33 0.81
08~C  Diatomite 50 6.5 6. 7% j. 39 1.85 0.23 0.86
20-A  Diatomite 44 5.8 5,86 1.99 2.2 0.43 b 72
52-A Diztomite 47 6.0 .13 1.39 .4 C.26 0.89
52-8 - Diatomite 23.4 8.2 &.46 .44 1.4 G.37 .05
52-C  Diatomite 23.4 LI 6.43 i.80 1:35 g.18 1.03
52-D  Diatomite 25.4 .08 B.38 1.5 t 5 0.34 Fal
53-53 biatomite 23.4 .6 6.16 1.7 | .55 0.62 2,77
f4=4 Silt QG 4.2 3.52 I3 3.5 =0.14 0.63
16—t Silt I25 5.1 5.1 {.55 1.4 0.0 b, 14
16-4 Silt 125 2.5 4,53 0.94 .85 -3.08 107
17-A__ Silt q9.5 G.4 545 .95 Q.5 9,38 3.14
oo
17AG| 3ilt 200 5.5 5.5 0.92 8.8 G.13 2.4
17-A Sl 150 5.2 4.83 .75 1.5 -3 I B
o3 .
17—-!\I Siit 47 S.4 B S8 t.48 1.85 0.63 i.2
52-#..2 Sy 50 B3 4.2 .88 .5 -2.09 1.57
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The values of epverager sorting coefficients exhibted by

the =nalysed silt samples are of the order 0.92¢0 to 1.980
which indicetcs moderate to poor sorting, The skewness is
also vearisble between -0.09 and 0.63% which is in the range
of near symnetrical to strongly finely skewed. However majo-
rity of them show near symmetrical distributicn. ILike the
silts of the Lower Sequence, they have leptokurtic cumulative
curves which according to Folk (1968) implies better sorting

of thé central porition than the tails,

Diestomites

The distomites of the Upper Sequence are fine-grained
and are esscntially composed of silt and clay sized perticles.
The studied samples are especially marked by a predominance
of silts averaging 81%. The rest is made up of clay and
sand fractions, of which the former is dominant over the
latter., This fine grained nature of the distomites ie ref-
lected in their nmedian ond mean diameters (tables 12), the
average of which is fine silt 6.118 =nd 6.46@ respecctively.
However, when compared with the distomites of the Lower
Scquence, the diatomites of the Upper Sequence are characteri-
zed by relatively lower @ values of median, and meen diameter,
sorting coefficient, and standard deviation (table 12), being
relatively coarser, with & tendency to be moderstely sorted.
sltheugh they are dominantly constituted by silt sized fra-
ctions, they are poorly sorted as it is indiceted by their
sorting coefficient values (on the average 1.598). Skeweness
values for these lithotypes are relatively higher than those

of the Lower Sequencce, The range is from 0.18 to 0.62
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(finely skewed to strongly fine skewed).

then the mean or nedian di-meters nre plotted ageinst
the sorting or standsard deviation velues for the distomites
of the Lower and Upper Sequence, because of their differences
in the average sizes, they 2re seen to be seprrated without
overleps, the Lower Sequence diatomites occupying the region
to the right of the distomites of the Upper Seauences. This
fact is also refelectced in the plot of coarsest percentile
'C!' against medien dismeter according to (Passega,1957). In
this plot (Fig 20) the distorites of the Upper Sequences are
concerntrated nearer to the limiting line C=M then the dia-
tomites of the Lower Scquence, The nearness 65 these dis-
tomites to the limiting line C=M indicates the tendency of
the Upper Sequence distomites towards better sorting than

their equivelents of the Lower Sequence.
ishes

The =shes of the Upper Sequence generally display a
spectrun of sizes from lepilli size to very fine osh particles.
On the cverege they are composed of 3%2% lapilli, %0% coarse
ash ~nd 37% fine ash materisls. As shown in Fig 15 the size
distributions of the ashes of the Upper Sequence.are approxi-
mated by curves, usually broken into two or three parts, on
probability peper. This means that they have polymodal dis-
tributions, (Yanazski, ctal, 1973%) each of which is a log_
norzal distribution. In all the senples plotted more than
80% of the meterials are smaller than -2@ (4nn1). Both the

median oand nesn sizes except for 184 heave lowzr @ velues
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Sunmary of textursl descriptions
P

The granulonetric study of the ;dmi Tulu sediments show
e wide varietion in the textueal paraneters. Average sediment
gize ranges from very cosrse sand to very fine silt, It
will be noted from table 13 thot the sodiments of the Tpper
Secuence are reletively cosrser than their corrersponding equ-
ivalents of the Lower Scquence., This may suggest thet when.
the Upper Sequence sediments were deposited, there probably
was a continous and rapid supply of materiels to the basin

with 1little or no reworking.

The standard deviation valucs are highly veriable because
of wide veristion of sizes in most lithotypes. Nearly all
the deposits are positively skewed and are in general poorly
sorted. The positive skcwness and poor sorting mey rcflect
the lack of winnowing current action. Lower Sequence sedi-
ments are largely nesokurtic while sédiments of Upper Sequence

are largely leptokurtic (table 13).

The polyrnodality of these sediwents perticularly of the
coarser sediments i.c. sands and grzvels is shown by bresks
in the cumalative curves (Fig. 2,1% and 14). However, this
nay not nedessarily imply thet parts of the sediments achieved
their sorting elsewhere in o high-energy environment, and that
they were transported essentially with their size cheracteri-
stics unmodified into enother environment as Folk snd ard

(1957) suggested for Br=zos River bar sediments. But rather

it could be due to the nesrness of the source. The subengular
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TABLE 13 : Sunmary of Textural Characteristics

Textural Gravel
Parameters No.of Samples Sarnid Silt Diatomite Ash
I VPS 3PS I VPS | VPS
Sorting = 2 PS I MS 3PS I PS
I MS | M5
. Skewnass . SFS SFS SF-NS S-SFS
Seq. 7
S. Dev. ~ . 7=3.26 0.85~1.8 1'=3.25 0.65-2.85
Kurtosis = MK, LK MK~PK LE=MK-PK
Mean @ = 3.2 6.86 7.0 4,85
& VPS 3 VPS 3 PS
Serting 9 P5 4 P5 3 M5 S VPS
ZMS
|
Skewness SFS £5-5FS NS~SFS SFS SFS |
Upper
3.Dev 0.5-4.45 0.75~4.55 0.5~1.75 1,35-2.2 0.55-4.95
Seq.
LK SLR SLK 3PK ZLK
Kurtosis AME MK 1 HK 217 2PK
PK 3PE 2LK
Mean @ -0.48 1.28 5.15 .46 0.15
Note:
VPS ~ very poorly sorted NS - near symmetrical
PS =~ poorly sorted CS - coarse skewed
MS - moderately sortes LK = leptokurtic

MK - mesokurtic

SFS = streonaly finely skewed Pt = platykorfie

FS = finely skewed
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nature of the pumice pebbles and the homogeneity in composi-
tion of these scdimesnts are in favor of short trensport and
nearness to the source. If the sediments are near the source
of the sarnd, they are charscteristically leptokurtic 2nd posi-
tively skewed (Folk and Werd, 1957). The sands of both scquen-
ces are in general leptokurtic and bpesitively skewed (teble 13)
in agrement with this statement. These considerations may
suggest theat sorting was primary and polymodsality resulted

only due to the variation of the sizes of initiel source

materials.,
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3., Organic Matter Studies

Because of the abundant populntion sround their shores,
phytoplankton in their near surface waters, some of the organic
matter derived from decaying of plant snd animal organisms

become incorporated into lake sediments.

The organic natter incorporated in lake sediments accor-
ding to Eglinton (1969) m=inly consists of carbohydrates,
lignin, glyceroides of fatty acids and waxes, and resins.
These, latter as a result of microbiel scitivity end physico-
chemical processes occuring in sediments are dcgraded and
fossilized to HEO and 002 but the most stable compounds are
preserved as complex derivatives such as humic substances

(nainly allochotonous) and bitumoids (authochotonous).

Terrestrial organisms mainly plants give rise to humic
substance, Agquatic organisns (phytoplankton =nd zooplankton!)
give rise to bituoioids. The humic subustances may withstand
oxidizing enviroment whilec the bitumoids may be preserved
only in reduc®ing environment. Hence the presence of humic
substances in sediments in general indicste an oxiding envi-
ronmant, areas of mass input of allochotonous meterisl, and/
or paleosol horizons. In reducing environment the autochoto-

nous material will be preserved as bitumoids (Warner, 1970).

The quantity and type of allochotonous (humics) and auto-
chotonous (bitumoids) of the incorporated orgenic matter in
sediments charaterize the environmental passways of detritus

into areas of sedimentation and peslecosol horizons,
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The presence of organic matter in the sediments of Adami
Tulu was suspected from the observation of dark brown coatin_
on some pumice gravels and the presence was tested in the
field by using 5% sodium hydroxide which usually turns
yellowishbrown or brownish by the dissolved organic matter.
Preliminary field test convinced the existence of humic sub-
stances in these lecustrinc deposits end the snalysis conti-

nued in the laboratory.

Methods of Study

The procedure followed for the organic matter analysis
was the well known methods described by Florovskaya V.N. (1975}

and Eglinton (1969).

After prelininery fieldtest showed the existence of
humic substences, 3% sanples suspected for their content of
orgenic matter were selected for laboratory analysis. The
procedure followed for the analysis gives semi-quantitative
results and the schene is outlined in Fig. 17. TFor each
sample 4gms of the 1/4mn sieve fraction was treasted by 5% ::
NaOH and was allowed for 24 hours. Extacts were used to pre-
pare prelininary etelon collection with fixed (known) con-
centration of humic substances. The awmount of hurus was
determined by colorimetric method. The error in the determi-
nation could be high from individual to individual and the

results ere therefore only semi-quantitative.
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Bitumoids were glso determined by tresting the same
samples with chloroform and benzine., The amount was deter-
mined semi-quantitstively by weighing the filter peper extracts

and converting this to 100%.

Rock Sample

f

Cruéhing
:
Sieving (0.25mm)
D
Extraction
e.»—" gt ‘*H“"‘ﬁ—..‘_%‘_>
NaCH (5%) Chléroform and benzene
(humic substences) (bitumecids)
h:.'/- |
Chloroform Renzine
| |
W N
(hyrocarhons and the (resins and
like products) heavy

hydrocarbons)

Fig. 17 i scheme for the determination of orgesnic matter
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Results »nd Discussion
The result of the organic metter Aanalysis of the %3
samples is summarized in tsble 14, In :any of the 2nalysed
ganples prescnce of orgenic metter wes détected =nd nost of
the orgenic metter belong to hunic substances. The esnount
of huiiic substances is in the renge of +.0.0025% te slightly

more then 2.5% »nd bitumoids never exceed 0.09%.

The organic matter occurs in dispersed forms =nd os
concebtrated forms forning thin layers. IMost of the orgenics
erc present in the corrser grained sedinents i.e. in gravels.
The ashes and fine grerined sediments with few exceptions are
percticelly poor, However, sone distomites and silts contain
recognisable emounts. The distomite sample (41.E) from the
Tower Sequence conteains obout 1.25% hunic substances, This
distomnite is overlain by ash layer which in turn is overlain
by the brown silt with high anount (2.5%) of orgsnic matter.
The orgsnic metter in this diatonmite ~ccumlated probably

after being filtered cdown through the ash leyer overlying it.

Thin layers of orgenic netter occur in few grevels ond

in some silts of the Upper Sequence. In silt sample 5584

)

(plate 7) in perticular, as described in section 2.2.2.3,

A

three layers of orgeanic metter are present. Although the .
individual concentrations are high, th: overall svercge con-
tent of orgsnics in the sample is not very high =2nd is about
0.06%. This figure is for the hunic substances s~nd biturmnids
arc not detectcd. The presence of humice and abscence of

bitumoids led to thc sssumption thet the orgenic matter in



TABLEY4: Results of Organic Matter Analysis

Samp le Humic Sub-  Bitumoids % Humic /

No. Lithology stances (Chioroforml ¢ Ext.) Bitumold e
04-0  Sand 0.0025 0.00075 P )
42-A Sand <0.0025 No humics only
04-B Diatomite Ne - - '
04-E Diatomite No No 100.1

58-B Diatomite <0.0125 0.00025 w5l

04-F Silt 0.0025% No humics only
41-B Sil+t 2.5 No humics only
42-E Silt No 0.012 Bitumoids only
58=-C SiIt <0.0025 0.012 L -

42-D Ash <0.0025 0.0075 fed

58-Aoc Tuff 0.090 0.012 Bitumoids only
05-D Gravel 0.0025 <0.0025 Lzl

07-B Gravel ) 0. 12 - -

08-A Shelly gravel 0.9 0.09 10: 1

14-B} Gravel 0.12 0.025 48:1

15-8, Gravel <0,0025 0.08 1:32
r5-82 Gravel <0.0025 - humics only
16-1 Diatomaceous gravel 0.0025 = humics only
I17-B, Gravel <0.0025 No humlcs only
l9-Bl Gravel 0.0035 - humics only
53-A Gravel 0.0025 No humics only
08-C Sand 0.0035% _ ~humics only
05~A Ash 0,035 0.035 il

18-A Ash <0.0025 - humics only
08-D Diatomite 0.12 0.0035 34:1

15=A SIIt 0.0025 - humics only
16=D Diatomaceous silt <0.0025 - humics only
[6=F St <0,0025 - humics only
17-A43 platomaceous silt <0.0025 - humics only
53—B| Diatomaceeous silt 0.06 No humics only
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this silts is »f rllochotonous origin supplied to the lake
by # small low zrergy river during the deposition of the silts.
I7 so, then the thres loyers may indicrte three successive
periods of orgenic m~tter input of verisble time as evidenced

by the gep between the layers.,

Besed on their solubility in alk~lies, =2cids and slochol
(Stevenson and Butler, 1969) divided hﬁmic suhstances into
hunin (insoluble in none of the reagents), fulvic acids
(soluble in 21knsli ~nd acids) and humetomelsnic ecid (soluble
in slkali 2nd 2lchhol). Tesitng the extracts with HCL #nd
nlcohol (CQHEOA have shown the presence of fulvic and
humatomelenic ecids which indicates the heterogeneous chara-

cter of humicse relstive to the initsl source material,

Although the everage anount of humic substances is little,
zones of relatively higher concentration were observed from
the snelysis in both sequences, The first once is in the upper
part of the Upper Lacustrinc gravels (samples 084i,08D and 14B),
and the other is in the brown silt at the bottom of the column
of the Lower Sequence (semple 41E) where the higher concentra-

tion of hutics is detected (table 14).

Bitumoids =2re pressnt compartively in sma2ll emount and
rarely reaches 0.09%. They are not detected in all lithologic
verictics and appreciable amounts are spotted in the very fine

grained sedinments® such as silts and distomites.

From this preliminery study, although the determinstions
are not far from error and the results are more of qualitetive

nature then quentitative, the following genereli. etions ceuld
be made,




00

1. The orgsnic matter is present in the sediments of

the region with varisble anounts.

2. The predoninance of humic substences in nost sedi-
ments is an evidence of the allocohotonous charecter of the
organic. natter and indicetes the existence of oxidizing con-

ditions in the basin of deposition (Werner, 1970).

%. The presence of concentrated forms of orgsonic matter
as thin layers may indicate periodicity in the formation and

accunulation of the orgsnic matters.
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4, Discussion of Depositionsl Environments

The¢ mechenisms and cnergy of grain transport and the
environment in which the sediments were formed were snalysed
with the use of Moiola-Weiser (1968) and passega (1957)
disgrems and with the method of sedimentation environment
interpretertion besed on the distribution of grain popula-

tions (Figs 9 to 16) with Visher's method (1969).

The texture of sedinments reflects the process of depo-
gition of the sedinments. 'C', the nmaximum grein size and 'M'
the median ~re cheracteristics of depositional agent. The
C-M patterns are penerally sherply defined and vary consi-

dersbly with the type of depositionsl ngent (Passega, 1957).

Lithologies of the ,demi Tulu secdiments are dominsated
by volcanic matecrial essentislly puwmiceous, The most im-
portant lithologies are grevels, sands, silts snd distomites
and the gross cherascter of the deposits choanges little within
individual lithologic groups for both sequences., TFor this
reason discussion of depositional environment is given for

the lithologic groups in general.,



Grevels

The plot of median (MAP) ~geinst co=srsest percentile (C)
(Fig 18) efter Passege (1957) shows thet most grasvels follow
a pottern sinmiler to thot shown by river sediments., /lmost
all samples are concentreted in thet part of the psttern in
which the transport of these coarser materials is by rolling
suspension, The mean and stendard devistion depsndence
(Fig. 19) of Moiola~Weiser (1968) of the snalysed samples
also gives projection points which are mostly concentrated

in the section of river sedinents except for samples 15B1
k]
17B4 and 16-I which fell ih the beach scction.

The feet that the mejority of the grevels are relatively
richer in “umic substrnces derived from terrestrial vegetrstion
coulcd e#lso be additionsl evidence for their fluvial character.
The grevels which mostly occur #s interbeds within the diato-
mitzs or dirtomaceous silts are, howevar, interpreted to be
probably of shallow water lescustrine as they are rich in
shallow fresh water shells of gastropods and bivelves. The
accurulation of these shells in mass in relestively thin layers of
gravels suggests theat there must have been mess death, BRased
on the assumption theat the pumice grevels have be:n supplied
to the lrke by rivers ofter they hrve been crupted from the
concurrent volceni activity, 2 chance in the rhysico-chemical
belance of the leske water couls be infered. Bich 2 change
could probably cause the sudden death snd rapid conseguent

ceposition of thesc orgenisms along with the gravels.
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The meterisls of the gravels like other lithotypes in

the region sré largely dominested by punicé, The poor

rounding of wost of the pumice pebbles of these gravels

inspite of their soft end frisble nature, suggests that most

of the msterinls have not been transported for longer distn- £

nces. Some grevels (eg. ’I?B,i and B2), however, heve highly

rrunded pebbles of pumice rnd basalt »nd the effect of re-

working ie seen in the pumice greins saltering them to yellow.

Except for this the mejority of the gravels heve reletively

frzsh pumice grains which implies thet the deposits h=ve not

w

suffered much reworking.

In sunmnery, the moejority of the grevels ere intarpreted
to be fluvial slthough few of them rre shallow lrcustrine '

(berch) deposits.

2nads

e w

2]

i

The sands of the sgudy arez showed distinet pettern on a
C-M dirgrem of Pessega (1957). The plot con Fig. 18 shows &
thet the majority of the sand samples followed a pattern
shown by most recent fluvial denosits, This pattern suggests
that the mechenism of trensport for most sands to be by sus-
pension, the prrt of the pattern representing the graded
suspension being longer than the paet of the pattern repre-
senting sediments whose perticles moved in rolling suspension.
Cosarser prriicles »p to 800 microns were =hle to be transpo-
rted in suspension by the depositing river. The enelysis of

the shspes of curves with Visher's method (1969) bssed on the
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8ilts and Diatomitas

The silts ond distoniites pre thought to heve settled
fron sukrensions in the lake. The scdinents contsin abundant
and well preserved planktonic fossil distoms. These fine J
greined sediments are interpreted to be lacustrine because

of the cbsence of current produced structurces end the pre-

sence of laninations,

The disntomites in reneral display two types of structure-
megsive bedding ~nd leminetion. Those with messive bedding
ney be intorpreted to have resulted from extremely slow
sedimentation s#nd those with lsminstions might have bedn
formed by rapid sedimentestior or fluctustions of the supply

of suspended sediment (Collinson and Thomnpson, 1982).

In the plot of 'C' against 'M' (Fig. 20), these sedi-
ments fell in the ficld of aquist water deposits which is a
choracter of lrkes and leogons. The significant festure of
these scdinents in this disgram is thet ths silts of the
Lower Scquence and the distomites of the Upper Sequence are
neerer to the limiting line C=M. Ae this ares is the ares
of better sorting (Passcge 1957), comprrstively the diatonites
of the Upper Scquence and silts of the Lower Sequene are
nodcrately sorted then distomites of Lower and silts of

Upper Scguence respectively.

The freguent occurrence of the Adist nites immediastely
on the grevels regquires sonc explatabiay Deposition of
diatonites requires guict wetar hesin free of current =cti-

vity and most of the gravels #re thought to be fluvial,
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