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l/bstract

Secdiments of Late Tuaternary period are exposed in ‘demi
Tulu area, They represent Deposition in » feult corntrolled
basin in the northern part of the Mein Ethiopisn Rift Valley.
They form thick successions of cosrse snd fine groined sedi-
ments, gravels, sands,silt rnd distomites among which gravels
and distomites are volumetrically importent. These sediments
displey scdinentary structures, such ss bedding, laminstions,
cross-bedding, mudcrrcks, and losd cests. Texturelly, these
cediments sre poorly sorted, positively skewed, and characs

terized by mesokurtic-loptokurtic curves,

Compesitioenl studics indiceate npumice, gless shards,
fragments of voleanie rocks, feldspsrs, and qusrtz to be the
most important consituents of the rocks. Eornblende, pyroxene,
magnetite ~nd biotite =re the imvortant hesvy minersl con-
stituents. Obsidian, besslt #nd rhyolite dominate the lithic
frection. Thase composition of the sediments is indieative

of » velcanic provensnce.,

The texturel characteristics of the gravels and their
distinct =ssocirstion with humic substrnces or gastropods
and bivalve shelle ere indicative of fluvisl r~nd beanch
envirorments of deposition for the gravels, respectively.
The structures of dintomites and sssocirted silts sre con-
sictent with the deposition of these sedinents in & lecustrine

environnent.
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1., Intrnduction

1.1 Tocation and accessibility

mhe sres covered by the present study is located about
170 ¥Km to the south of Addis in the Gells T.zkes region of the
main ®thiopian Rift. It lies between lakes "way and Langano
due esst of the town of pdami Tulu., To the north it is borde-
red by the southern shore of lake 7way #nd to the south by

Aluto volcance, roughly covering an area of about 90 Vm2

Crig. ).

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 Jils road
and the other to the south reaching to Langesno can be used by
four wheel drive to explore the area. Traverses could be

token from zny of these roads by foot.

The main river that flows in this region is the Bulbula
river, It starts from Lake Zway in the north and dreins in to
Lake Abyatz in the south., Numerous dry seasonal streams that
stert from the volcanic hills flow south west feeding the Rul-
hula river during rainy sessons thereby cutting gorges through
the soft lscustrine sediments and exposing thick sections of

these sediments,

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

hills and along the dry valleys or streams.
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1.2 (Climate and Vegetstion

The climete is semiarid with a relatively short reiny
season during july and August . The vegetation of the area
consists mainly of low thormscrub and accacie trees. Part of

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

1.3 Objectives
The a2ims of the present investigation are:-
1. To study the distribution of the lacustrine deposits

in the Adami Tulu area.

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

region.
1.4 Previous Vorks

Occurences of lacustrine sediments in the region were
reported in the genersl studies which are paleoclimatical and

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

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

region et the scele of 1:50,000, Recently the EIGS has been
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studying the diatomite of the srea meinly focusing on the
deterninetion of its quslity based on physical vproperties and
for few localities the estimation of reserves. NO systematic
study has heen done in investipeting the sedimentologic nature

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

A torographic map of 1:50,000 scale was used as & base,
with serisl photographs of the same scele as 2 supplementary.
Traverses were taken nlong stresm channels and also in profiles
not uniformly spaced.

The following methods were generally enployed in the study:-

1.5.1 Field logging

Fifteen exposed section alon# stream channels and dry
gullies were described, sampled and messured using = field
logging method of Rouma (1962). For each bed, thickness was
measured and significant properties such es composition,

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

Reprecentative samples from each measured sections were
air dried and then rranulometric analysis was made following
the methods described hy Folk (1968). Grain size parsmeters
are those of Folk (1668). Persmeters such as mesn grain-size,
sorting, skewness, kurtosis and standard deviation have been
determined graphicelly rnd the @ scale introduced by Krumbein
(1934) has been used to simplify the arithemetic involved in

computing these perameters.
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1.5.3 Petrographic and Heavy Mineral Anslysis

The difficulty of preparing thinesections of unconsolidated
pumiceous sediments and pyroclastic deposite precluded extensive
use of petrographic study. However, the fine fractions of
these deposits were exoamined under the binoculsar microscope

inorder to have 2 clue in their commnosition.

Heavy mineral sanalysis wss cerried out using representa-
tive fine sand fractions following the procedure described by
Cerver (1975). The hcavy minersls were separated from these
fractions using bromoform (sp. gr.2.85). Representative
samples of hoth the light and heavy minerals were mounted in
glass slide and then examined under the microscope. Counts
were mode of the individual heevy miners1s to determine their

percentage by number,
T1.5.4 Qther analysis

Semi-quantitative determinstion of orgesnic matter content
was done on 35 samplcs which were suspected for the presence

of organic matter,
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2. Geology

2.1 Genersl

The mein Ethionian Rift valley is a huge graben which
ie occupied by volesno tectonic lskes. It is characterised by
normal, step faulte arranged in en enechelon style with a
pencral NNE-SSW trend (Mohr, 1967). TIts floor is marked by a
persistent belt of intense, fresh feulting which has been termed
by Mohr as Wonji Fault relt (Pig. 2) which is supposed to be
axiel to tle rift system. It extends from the northern shores
of Inke Abays northeast werds into the Afar Depression and is
traceable for 1100 ¥Kms along the Ethiopian Rift system. The
belt is formed of short normal fsults of smell throw which
is most frequently uo to the west and is characterized by a
line of Cueternary pantelleritic (silicic) volcanoes such as
Aluto, Chsbi, Shalla, Fantrle, Rossetti Guda etc. which have
extruded both lavas apd igniabrites (Mohr, 1960, 1967).

The Gnlle lekes section of the main Et“iopian Rift lies
about 150 ¥ms due south of A.A. end conteins four lerge lakes,
2s indicated on (Fig. 1). Lakrs Langsno and Zway lie against
the eastern morgin of the rift, whilst lakes Abystsa and Shella

lie further woest in the interior of the rift.

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

a palearctic affinities of the faune.
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Mohr (1962,1966) =2lso recognised two groups of rift
floor sedimente and suggested that in the late Tertisry the
Gallz lrkes basin was continuous withk 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 bede were deposited. According to Mohr the besin
topography must heve sassumed almost its present form by the
late Pleistocene and the subsequent period of lerge scale
flooding identified by Wilson and him has been responsible
for the alnost undisturhed lacustrine sediments and shore

lines sourrounding the Galla lakes.

The older lacustrine sediments of the rift floor are
relstively severely tilted end warped by tectonic processes,
The younger sedinents are generally unconsolideted grey gravels
which are locelired in their occurrence perticulsrly to thick

developments along Holocene beach levels.

The Adami Tulu ares is within the Galle lekes basin
mainly tetween the Zway-Lengsno bnsin, The Fiatomite beering
lrcustrine sediments were lzid down in e late Qusternery
ancestral lake (Grove and Gouide, 1971; Geze, 1975). The
Lanyano~Zway bhesin was developed and occuvi=d hy the ancestral
Gella leke bcfore volcanism comrenced at Aluto volcenic center
(UNDP, 1973). » thick sedimentary sequence was deposited in
the basin. Vhere exposed, the scdiments are dominantly fine
grained tuffs, sandstones snd pumice snd rhyolitic gravels.

Cozrse nunice breccia are interbedded with them,



0ld beach dunes occur s& ridges on the west of Aluto and
were formed during the shrinkage of the ancestral Gzlle lzkes,
These ridpes which merk the Holocene lake levels are well
precerved o8 grevel beach ridpes nesr the shores of lakes

ILesngeno and Zway (UNDP,1973).

The lecustrinz sedimente of the Galla lakes have been
dated by Gouide and Grove (1971) in their study of pleisto-
cene-Ho'ocene history of the Galls lakes, They dated gas-
tronod shells by C-14 method from different lcvels above lake
sholle snd obtained an age of 9220+ 190 yrs B.P. and
5610 4+ 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 (1975). ¥Hu drted sediments below
and above dirtomaceons sediments near the Bulbuls river and
obterined $360 + 210 B.P. »nd 496C i+ 140 B.F. for the last
lacustrine period. Rased on these dates faze suggested an
age of 10,000 yrs for the beginning of the main lacustrine

phese which ceme to a2 close arcund 5000 yrs ago. 5

')
It hzs been proved (by Grove and Gouide and byiﬂohr)
that the brsin of lakes Shels, Langano, Abyesta and Zway formed
a single lake. The anelysis of distom flors from these lekes
helped much in revealing the continuous nature of these lakes
during the Holocene., Observetion of strandlines znd parallel
shore lines which are visible both on the field and on Pir
photogr cphs anc satelite imeperies (Grove end Gouide, 1975)

were very helpful in drrwing these conclusions.
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2.2 Stratigrophy end Lithology

The fluviolacustrine deposits gencrslly cover large

part of the srea and in most pleces sre overlesin by recent
alluvial deposits especielly at the foot of the hills. The
central and south cestern pert is dominated by volcanic hills
and domes such as Belichn, Sida and Dodicha (Pig. 3). These
volcanic hills are composed of rhyolitic products, obsidian
flows and ingimbrites, The northern, central and southern
part of the area nre affected by faults whose trends vary

from NE - SE (see map).

On the basis of the works of UNDP (1976), Knoth (1981)
and this study, the stratigraphy of the region comprises
the following;-

Alluvium '
porphyritic Obsidian Holocene

Upper Lacustrine Scquence

Pumiceous Pyroclastics
Basalt Tuff

Pleistocene
Lower Lacustrine Bequence i

Rasalt |

It follows from the stretigraphy that the lacustrine
deposits of the region belong into two sequences. Lower
Lacustrine and Upper Lscustrine. Lithologies of both
segquences 2re largely dominnted by volcanic material and

renge from cosrse gravels to fine silts end ashes and 2re

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

The Lower Lacustrine de¢posits occur in the ares where
the different localities are uplifted by faults which are
related mainly to the West Langeno Fault. These are generally
ridge forming localitiﬁs such as Dodicha, Sedcha, between
Kiki end Belicha aond in the slopes of hills facing the
Lekanshu plains (Fig. 3). None of them sre seen to be found
along reccent valleys and are restricted mainly in the central
and northern part of the study area. As a result of poor
exposure the number of litholopies and sections studied are
limited although attempt has been donme to look for thicker

sections,

The deposits belonging to the sequence ere affected by
faults and the effect of these are seen in many of the litho-
types. They are fractured, sometimes conmpacted and slightly
welded although it is also possible to observe relativey un-
affected deposits. These are genecrally ashes and some layers
of diatomite. The structural relationship of these deposits
is complicated due to faultings and accompanving later
eruptions, Careful observation of the deposits especially
associated with the diatomite layers of the sequence hes 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 ond in the northern part of the
area. For occurrcnces in the central southern part of the
area, the baszltic tuff of the locslity 39,40,41,29 and 56
together with a 10 Cm sand layer which generally seems to lie
always below the tuff layer that immediately comes above the

distomite of the sequence is used as a marker horizon.



-~ 14 -

= i b

811
e denpos
i
ols | IYSE T
.
S¢ry
Lower
the §
£
tew



~15-

These two and stretigresphic observation in locality 41
and 56 were useful in constructing the stratigrephic relation-
ship of the exposed parts of the sequence. Describtion and
correlation of the different sections are presented in Figs

5 and 6 respectively.

Exposures of the sequence 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 snd the measured thick-
ness is only cbout 2mts, They are gencrally covered by pyro-
clastic breccia that covered the slope of the hills above
them. The size of the cobbles in the pyroclastic breccia

exceeds mostly 50Cm and are ncerly rounded.

In the central southern part of the arca, these deposits
are exposad around the margins of a volcsnic crater. The.u
measured thickness of the sequence in this locelity is 7mts.
They are highly faulted especially the diztomite is fractured
into small blocks. The basaltic tuff covering them must have

been erupted from the crater (Enoth, 1981).

The maximum thickness (morc than 15mts), observed for
the sequence is ir the central pert of the arsa., It is
exposed Along a large hill where at its foot represents pro-
bably the northern margin of the previous volcanic crater and
the stratigraphy for the Lower Scquence is established here.

The Lower Sequence comprises of lithologics such as silt,
ash, distomite, sand, and ash and tuff of variable thickness.
The lithologic description for these lithotypes is given

below.
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2.2.1.1. Sands

These are among the minor lithotypes of the sequence and
represent nearly 9% of the sequence. They vary in colour .
from grayish white especially et the bottom to pinkish gray
and cxposed at the foot of the Dodicha and Sida in the central
part of the area. The sands consist of silts upto 40% espe-
cially at the bese, and sands from the upper pert of the
sequence is practically free of silt sized grrins. The thick-
ness of some beds in the sands is in the ronge of 10Cm to 60cnm,

They are commonly unconsolidated and weakly bedded.
Composition

lost of the constituents are pumice and volcenic glass,
Lithic clasts, feldspars - predominantly plegioclase feldspars
quartz, chert with verious shades of green, dark green, brownish
yellow (which could be related to the degrec of oxidation
etate of iron present as impurities) are the common components
in most samples, Magnetites and hornblendes esscntially form
the heavy mineral portion in these sends. The volcanic glass
is curved and flat in texture, little affected by weathering
and occasionally contzin bubblzs, The lithics part consists
of obsidian, zndesite(?) and scorea. The plagioclase grains
are seen with their distinct cleavege most of the time,
although the other varieties sre not uncommon. Carboneste
concretions and iron oxides mostly limonite occur in some

semples (424)



TABLEA :

Description of Lithology and Grain Size Distributions of Lower Sequence

Sample Thick- Mean £ % 4 ;) Textural

No. Lithology ness Colour Size@ Gravel Sand Silt Clay Nomenc | ature

04-C Sand 0.5 Brownish grey 2.95 8.04 57.27 28.46 4.08 Gravelly siity med.
sand

04-D Sand 0.2 Grey 2.16 4.3 81.49 10,65 2.57 Slightly aravelly sitty
fine sand

42-A Sand 0.6 Yellowish grey 4.73 - 58.08 27.15 14,861 Silty sand

C4-F Clayey silt 0.2 Grey 5.25 = = 86.3 I 1 Silt

al-a  Silt 0.2 Yellowish white 7.03 = = 70,76 29.24  Silf

4z-t it 1.8 Light yellow 5.03 L - 84.35 15.63 Sttt

58-C Clayey silt 0.4 Yellow 6.33 - = 70.84 29516 Sil+

04-8 Diatoml te 2.9 Yellowish white 7.56 0.8 10,93 Sl .27 34 .36 Sltightly gravelly sundy
mud

Od=E Diatomite 0.7 Yellowish white T.18 - - 75.36 24 .64 51

40=A Diatomite 2.7% Yellowish white s - - 58.75 41.25 Mud

41-C Diatomite 5.0 Pinkish yellow 65.26 - = 79.48  20.52 Silt

41=-E Di atomi te 0.5 Dark grey 7 - - 713 28.7 St

58-B Diatomite 1.0 Yellowish white 7.56 - - 65.73 34.27 Mud

4|=F Ash 0.08 Dark grey 5.38 - - 97.29 2.7 Fine ash

42-D Ash 3 Light yellowish 2.53 [2.19 49.02 33.06 2.36 Coarse ash

5S~Ao Tuff 0.02 Da?:e;rey 6.66 - - 76.64 23006 Fine ash

baad sl’—
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2.2.1.2 8Silts

Silts in zeneral are represented at the bottom 2nd in
the middle psrt of the sections for the sequence., They con-
stitute roughly 19% of the stratigrapbic sections of the
Lower Sequence. The colour of the silts veries from grayish
white to light gray, yellowish gray snd light yellow through-
out the whole scquence. In thickness individusl beds range
from 25cem to 1.6 mt. Lateral variation of these silts is not

e¢vident due to their occurrence in few localities.

These silts largcly are fine to cosrse silt. They are
thinly bedded and leminated., The individusl laminae in each
bed varies between ¥ mm to 1mm in thickness and are relatively
consolideted. Some inclusions of pumice clasts are observed
along their bedding planes and the different beds sre separated
by very small irregular projections of the individual upper
laminse which produced depressions in the lower or underlying
laninae of same lithology (plate 2)., This is especially in

the greyish vericty of the hottom sections.

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

The silts 2t the top of the sequence is yellowish white
in colour, thinly bedded and individusl beds renge from 2 to
mm, Bedding alternates between yellow and yellowish white

and light brownish colours, Discontinuous orgenic matter



-

Pliine 8 sp) Hend apecimen of niltes of Un r SEquence

Fith -=mall depressions at @ bedding nlanes.

Plave 3 (1 rttom) Mud ~cracks in the zilts of rthe iThper Sequernce.
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lenses also mark the beginning of thin bede and are only
observed in this layer and not frund in the silts of the -

bottom section.
Composition

The silts of the Lower Sequence generally are clayey

and the percentage of clay varies from 15-30%. Investigation
under the binoccular microscope showed thet pumice, volcanic
¢lass, plagioclase feldspsrs, lithics of obsidian, snd bssalt,
li~onite and auartz constitute the major minerslogical compo-
sition cf most silts in that order.l Hornblende, biotite and
apatite (?) arc among the minor constituents present 2s heavy
minerals. The volcsnic glass is flat, elongeted snd is re-
letively fresh., The pumice clasts are fibrous and tubular

in structure.
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TABLEY: Conmpos!tional Characteristics of the Lownr Sequence Dsposits

Samp e Rock Fragment Heavy Minerals

No. Lithology Pu V.G. K.F. P.F 0 O0bs Ba Ry Scor F.OX Ch Pxn Mg Hb BI HF
04-C Sand A A [of g D, G ‘R R, IR o SO 1) o L
04=D Sand A A (% ¢ ¢ F F = - RF A C - 03
42-A Sand A A C G Lo AR R 3 4 - Jal-= R G R ATE = 0,08
04-8 Ofatomite - ¢ F R 0 R - - = R R= F R - 0.5
04-E Diztomite C@ P e - R & & 4G 0 - = = - N.D.
40-A Diatomite ¢ ¢ F R 8 R = - = R Rl =pgs s < oNB
41-C Diatomite © C F F O F = = = = Q= = = = N.D.
41-E Olatomite C ( F [ 0 F == = DY SREE Sy D,
98-8 Diatomite = C F 2] 0 R = = = R0 = = = = ND.
04-F Stit A A R 4 € € F = = F F = 'R A € ND.
41-8 Siit cC A [ € € £ R= = F R~ CAC ND
42-F Silt A & [ F € R - = O =T=Tis NN HD
58=C Siir € & c F F C R = = 9 = = <= A C ND.
4]1-F Ash A A R & = R « =9 O 0 C A R - ND.
42-D Asn A A b G R C F F F F CF A RO 0.6
58~A Tuff A A F c = ¢ B = R R CC CR = N.D.
29-B B.Tuft - F - a LR R - = =mgm == EaNED
Nota:

Pu. = Pumice Hb = Hornblends A = Aburdant

V.G.- Volcanic glass Bi - Blotite = C - Common

K.F.- Potassium feldspar Ous = Obsidlan F - Few

P.F.- Plagio clase faldspar Ba - Basalt 0 - Occasional

Ch = Chert fty - Rhyolite R - Rare

Q -~ Quartz 5S¢ - Scorea N.D.- Not determined

F~0X= Iron Oxide HF = % of heavy minorals

Pxn - PY roxens In very Fine sand

fraction
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These lithotypes form 38% of the seaquence, They commonly
occur 2long the slopes of the recent volcanic domes such as
Sida and Sedechs and in the margine of Belicha volcanic
crater (Fig 4)., They are mostly yellowish white in colour
and largely are constituted of silt sized (51-78%) and clay
sized (20-40%) materiels., Texturally, they are classified
as ;ilt in most cases and 28 muddy in few crscs (Folk, 1968).
In most places they are covered by the tuffs of the sequence

and are weakly bedded.

The thickness of individual beds of disatomites ranges
between 80cm and 6mt and the maximum thickness is found in a
block which has been uplifted by the West Lengano Fault Fig 4.
They are affected by faulting to a variable degrece. Those
i Sedecha, Belichs and Dodichs are more or less equally
affected being intensively faulted, fractured into small
blocks and are relatively compact.

Composition

These ere extremely fine grained »nd coarser fractions
are not available for observetion under binoculer. However
from the coarser silt frsctions, quartz, feldspars fine
greined glass chert and fossil diatoms were identified to
constitute most of the distomites., The gless and feldspars
are altered fo chalky msterial to a certain extent. Unlike
the di~tomites of the Upper Sequence, they do not contain

any shells of gastropods and pelocypods.
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The result of chemical enelysis of 28 samples after

A

'moth (1981) is given in table 5. These diatomites are

A

charscterized by higher SiOP percentages., The zverage of

2¢ samples is 87.5%. Aversge percentages of F-f;eo3 and .-11205
are 4.14 and 2.06 respectively,
2.2.1:4 fishes and Tuffs

The ashes and tuffs of the Lower Sequence generally re-
present 30% of the stratigraphic column of the seouence. Two
ashes and two tuffs have been identified in the sequence and

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

The ashes are %mts and ¥mts thick and occur as inter-

n

callations between the silts and or silts and distomites

oftén causing impurity in both lithotypes. The colour of

theseashes is different, the thicker being grayish white and
the fThinner dark olive gray. The derk clive gray colour is
very distinctive, for the ash which mede it possible to be

used as a marker bed for correlating secctions of the sequence.

The dork olive gary ash is identificd in the central
(Dodicha) and in the rorthern pert of the area usu2lly 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

8 essen-

.

much thinner mostly being 15cm on the average. It
tially loose fine essh, completely unconsolidated, and is

gpparently well sorted,



e

The second ash layer is the three meter thick graysh
white ash which is interbedded within +he silts at the bottom
of the stretigraphic column for the sequence (Fig 5). It
1s reprecented in the sections of the central part (Dodicha)

of the area,

It is weathePed to yellowish matcrial, semiconsolidated,
dominantly composed of pumice having a meximum size of 8Smnm.
It shows poor normal grading although the general distribution

of the grains scems to be irrcguler.
Composition

The dark olive gray ash consists of fine pumice and
obsidian chips, volcanic glass, fow lithics and crystals,
Pumice 2nd colourless volcanic glass constitue the largest
portion. The morphology of the glass sherds vary from platy
to slightly curved sicke-like, often the platy types being

dominent over the latter.

The white greyish ash is composcd of pumice grains, flat
ellongrted, fibrous likc and relatively fresh glass, feldspars,
chert (with yellowish and brownish tint) and clasts of obsi-
dian in thc order of decressing sbundance. Plagioclase felds-
Spars are dominsnt over sanidincs. The pumice grains are of
two types one is grayish white in colour, tubular and is the

dominant type while the other is yellowish and a bit curved.
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Tuff

Two main tuff horizons occur in the sequence usually
resting on the diatomites, Stratigraphically, they are
represented at the top part of the Sequence, The first
tuff horizonﬁs light yellow in colour and rogularly found in
almost 211 scctions of the Lower Sequence. This tuff is
intensively faulted and at places highly fractured into small

blocks,

The second tuff is the baseltic tuff which is greenish
black in colour occuring in all the areas where the Lower
L

Seguence is exposed, represents generally the top parts of

the soctions,

The thickness of the tuff is highly variable from loca-
lity to locality thickening markedly from topogrephic highs
into topographically lower places within short distsnces.
This is cspeciaslly true in the central port at locelities
39,40,and 42 where its thickness decreases from 3 mts to 80cnm
within a distence of about 100mts. The meximum thickness

meagured at Belicha is 5mts,

This tuff is coarse grained rich in lithic clasts of
verinble sizes. The size of the lithic clasts varies from
2¢m to 41em, 4 gencral decrecese in the size and abundance
of the lithic clasts is obscrved from north to the south
and east direction, It is generally massive in the central
Part end exhibits low angle cross-bedding locally. Continuous
bedding of thig deposit is ohserved in the north eastern part,

®nd in the eastorn part, the beds become thinner and are <

Ty =1 LK ' ,..;- S -
b &5~ DG '@ - -
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dominated by fine grained texture of individual greins. In
the northern part beds are thicker with the cross-stratifica-
tion dipping downhill to the south west, The individusl

beds contein variable emounts of clrsts of ignimbrite, basalt
end ob.sidian and the latter two are dominant both in size

and ebundznce,

The feesturce shown by this tuff is nostly similar to
that of base surge deposits - i.e. the small scale cross-
bedding, verisble thickness following the topography and the
thin centinuous beds especially in the north eastcrn pert
closcly resembles that of base surge deposits (Fisher and
Crowe, 1972) and hence this tuff is interpreted as a base

surge deposit.
Composition

Observation under nicroscope showed marked differences
in the composition of these tuffs. The light yellow tuff is
largely constituted of pumice and volcanic gless. It is
texturally distinctive, consisting of yellow and vesiculerp,
Or grey and non-vesicular pumice. TLithic clasts are sparse
°nd feldapar phenocrysts sre uncommon both as free crystals
and in pumices. The volcenic glass includes bubble forms

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

The basaltic tuff is 2 crystal tuff composed largely
of fine to medium grained crystels of plagioclase and
olivine., The olivire is iddingsitized snd is subordinate
to plagioclese (labradorite) crystals. TLithic fragments of
basic volcanics with phenocrysts of plagioclases and olivine
ar¢ present in small amount. The matrix consists of crypto-

CPYVOT AT TR e mssne et i o aa ) mei s e e ol 2an it e ol oy
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2.2.2s Lithology of Upper Sequence

The Upper ILeacustrine deposits in general form 62% of the
whole stratigraphic succession forp 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 4nts in the central part to about 16émts in Abelosa
Wadi (Fig 2). Eventhough all lithotypes are not seen to be
represented in single sections, the major lithotypes are re-

presented in most of the studied sections,

The sequence is e€xposed mainly in dry valleys and along
the scasonal strcams feeding Bulbula river, This makes them
¢2gy for studing and hence many sections were studied from
this sequence, Most studied sections are found in the southern
and in the southwestern part and are poorly represented in
tho cestern 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 scctions and correlation of different sections

respectively,

Correlation between sections was relstively easy as com-
Parcd to that of the Lower Sequence, since the deposits are
unaffocted by recent feulting. The correlation between the
different sections was sided by (1) the occurence of shelly
Eravels that frequently come below the diatomite mainly in
the upper part, (2) colour and character of pumice pebbles

in ccratian gravels, (3) systematic observation of the : ™
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Fig.a CORRELATION oOF SELECTED SELECTED STRATIGRAPHIC

SECTIONS OF THE UPPER SEQUENCE.
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Fig. 76 CORRELATIONOF BELECTED STRATIORAPHIC BECTIONS OF THE
UPPER SEQUENCE.,
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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, silts, 2shes and dia-
tomites. These lithotypes show different lithological
characters. Quick variation of characters 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 sediments show sedimentary structures
such as massive bedding, lamination, grading (both normal
and recverse) at large and load casts, mud cracks and cross-
stratifications to a lesser extent., The graded bedding and
cross-stretificstion are observed in the coarser varieties,

The relationship between the underlving and overlying
sediments is rcguler, i.e. contact is horizontal. The
contact betwecen the coarser lithotypes such:as gravels and
sands and also between sands and silts is scmetimes grada-
tional, TInfact most of the beddings in the coarser frac-

tions are initiated due to chenge in colour and size of

meterials,



locality 16
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Most of the sediments of sequence, similar to those
of the Lower Seguence deposits are nonindursted to semi-
indurated except in rare ceses where some of gravels show

relatively stronger consolidation,
2.2:2.1 Gravels

These lithotypes largely occupy the stratigraphic
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 almost all sec-
tions of thestudied area including the eastern part, the
lerger 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 i® highly variable ranging from
Gem for the minor interbeds to 2mts for individual beds in
outerop. TLeteral variation of thicknesses within beds is
not regular. However, there is a general trend for indivi-
dual gravel layers to increase in thickness to the southwest
direction. They are in genersl unconsolidated to poorly

consolidated and few gravel layers ere relatively consolidated.,

The gravels generally display horizonetal bedding and
are usually thick bedded. In most of the caeses bedding
Seens to be initisted either by change in the colour or size

5 "vYers
of pumiceous meterials, The contact of most gravel layer

with other lithotypes, inparticulsar with diatomites 18



TABLE4: Description of Grain Size Distributions of Gravels (Up.5.)

Sampie

Thick= Mean 1 % % < Textural
No. Lithology ness Colour Size® GCravel Sand Silt Clay Nomenclature
03-C Grave| Q:75 Yellowish grey licd S5UAS L 3D.78 $125.08: o 3.2 Silty gravel
03-D Gravel 0.4 Gray =S 86.92 5.04 6.86 0.34 Grave |
05-D Grave | 2.0 Gray 32068 32535 0 3991 | 24516 - Silty sandy gravel
IS—BI Gravel 0.3 Gray -~ -2 80.8 14,82 2409 V.4 Grave |
15—82 Gravel , 0.45 Gray 0.23 36.36 44.6  14.7 - Silty sandy gravel
15-C Gravel 0.4 Greenlsh yellow 0.43 42.85 39.00 13,75 0.35 Dito
15-D Grave| 0.5 Gray =2.3 90. || 7.83 1.89 - Grave|
16=-A Grave | 0,25 Gray =}.06c ‘5%.,86 « 37.94 3,04 0.15 Sandy aravel
16=C Grave |l 0.73 Gray =0.3 55.47  41.63 |.68 - Sandy gravel
16=1 Gravel 0.1 Yellowish gray -0.13 30.04 58,84 9.7 = Dito
I?-A02 Gravel| 0.06 Yel lowish gray 1.9 43,21 }2.73 _ 3137 * 2.8 Sitty gravel
17-A , Gravel 0.3 Yellowish gray =0.23 67.97 4,78 210 1.08 Sandy gravel
l?-BI Gravel 2.0 Yel lowish ~-0.5 87.61 % A g.4 0.59 Gravel
l?—52 Grave | | <75 Yel lowish -2.03 63.84 32.44 2.73 0.26 Sandy gravel
19=C Gravel B Gray =2 T0: 719 19,22 B.63 0.07 Silty sandy qgravel
52--35.i Grave | 0. 15 Light gray 0.86 51,07 16.57 29.83 0.24 Silty gravel
53—AI Grave | .05 Gray -1.53 65-9% 29,54 3,58 0.10 Stity sandy gravel
S4-B Grave| |.6 Yellowish Gray =~0.76 80,86 2.97 12.88 - Grave |
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distinct, but within the different gravels end sand beds it
is most the time grsdational. Poor gradetion of sgize is ¢-
common in most beds, Apart from horizontal bedding and gre-
detion in size load casts are present locally in some gravels
that inmmediately overly fine grained sediments. The relief

of the load casts ranges from 5cm to 10¢nm.

The gravel in locality 17 (Plate 5) is different in cha-
ractoers both in composition, structure and texture than most
beds of these lithotypes. It is cheracterized by lerge scale
planar cross-bedding which dies out ag lenses in the diatomi-
tes associted with it, Its colour is brownish yellow. Grains
sre oxtremly rounded, end the minimum size of pebbles here
is fine grenule, and séndy or silty metrix is either few or
not present. It shows complete 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 diatowite are rich in shells of

fresh water gastropods snd bivelve 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 individusl pebbles varying from 2mm to 2cm,

often the proporition of the matrix being lower. They are

sometines inversely graded (locelity 51). The pumice pebbles

are subrounded to rounded ip most layers. The shells ere

thin loscly sttached to the pumice pebbles and nre completely

% 5 : of 18 Sseon
Prescrved. Their size is varisble, but ellongated typos se

. i astropods
to dominate in nost horizons. Three spocics of gastr
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Bivalve

i1~

pods and bivalve

Gyranulus apertus

Melanoides tuberculata

Bulinus africanus

Corbicula consobrina
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~nd onc specics of bivalve spe identificd (pl-te 6). The

idcrtificed gnstropeds sre M:ilenoides tubarcul'nta, Gyranulus

spertus and Bulinus ofricrnus eond the bivalve is Gonbiculsp

consobrina. Yo prefeorntisl orientstion of those shells is
obsorved in the grevel loyers. This mey indicete the sudden
deposition of gravels ond shells. mThe foct thet the pas-
bivrlves arc not danege by the punice pebbles

1s attributed to the lirhter density end softncss of the

puriice pebhles.

The shelly grovels oceur regulerly in the upper sec-
ticns of the scquence »nd not represcented in the southern
nost scetions. A possible explation to this could be
thot these locelitics in cenernl sre dominsted by finer
“reincd scdimonts (silts and distomites)which are thought
to be deposited in reletively deeper woter inhospiteble to
these barch op very shallow woter eostronods and bivelves
(T.Russo, 1986, psrsonncl connun) .

Composition

The majority of the crrvels with one exception are more
T less siniler in composition. FPumice greins mostly form
h% 1orzust portion, elssts of obsidien and besalt rre the
frequent 1ithic components in most of the grovels with vorif
"ble pronorition of size snd shape. Scorea, igpimbrites rnd
1i0nitized zreins rlso occur »s lithic fragments in fow
SfMnles, The Mexinum size of lithics including the pumice
Clostg rerches upto Sem, Gless shrrds, feldspers-sonidine

i inerrl freoction
and Plopioelsse, chert constitute the lirht minersl

+ a1 E‘:nd hOI'n-
°f oSt grovels while biotite, magnetite, sugite




] Ea I Y nt
| 1 W bed 1n localits 177 b {
i | LY I 5 o | T [
) I constituent iIr they t y '
a 1 [ T | M P b $ ‘ . ' -
T el aid §
5141 . 1 s
Y c 117 idd 1 ) alts. t ' "
el lcanic 1o - 'd itic t I t 1
[ ] ] toad T 4 : uat . bi t1t o .

} e =1 a9 . + y -}
T nion } -y ¥ ¥ |
| 1 Y 2 } + +
I 1 1 ant [ T,
1 L 4 - LLiN "T




= I 1 5

o Sand
S nprises 5% of the lithotwyp b retigraphie
n ol the Upper Sequence., They =sre pr nt ir rost
tions of the sequence and occupy the bottom section of the
nn although few interbeds ere prosent in the middle and

upper parts of the column, They usually overlie or inter-

bedded in the fine grained scdiments such as silte or diato-

s
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Th¢ sands vary in colour from whitish gray to gray and

gravelly

yellowish ond sre texturally classified z& slightly

‘lum sand, gravelly silty sand, and gravelly sand. The

l froction of the sands is mostly dominated by pumi

: nd few lithics. The thickness of individurl beds
range from Sem to a maximum of 55em. Variation in thickr

rsistent both vertically and

sand interpeds the thickness is regular. Gencrally t
r¢ poorly indursted and horizontally bedded.
'he sznd beds in the sastern part of the ar locality
) ar ther .
AT e e et rtod.
:m being fin and with very little or I M
+ E - 4 ~1idated nd " v
4 teriels, They are relatively consoll : id
NNl orrn L:,: T 1 C' 11” CONnc PI i T s | l Nane 1 n T
races of poorly repr nted small SCa1 -
re present on ti irfac f th na 4 J o
f ¥ " oY CI
tu -the cleanness 0O n !
¢ I ‘:— Y __'. £ '_1 | : Il L] 17 ¢ nc nr




TABLES

: Description of Grain Size Distributions of Sands and Ashes (Up.S.)

Samp le Thick= Mean ;4 £ % % Textural
No, Lithology ness Colour Slze® Gravel Sand Silt Clay Nomenclature
03~E Sand 1.4 Yellowish brown 3. 17.53 56.54 3 20,71 % 0;75 Gravelly silty
coarse sand
05-8 Sand 2.3 White gray 1.56 22.6 38.63 33,13 1.84 Gravelly silty sand
08-C Sand 0.25 Yel lowish 1.33 ~49 96.79 0.9 - Sltightly gravelly
. med. sand
14-B Sand 0.8 Light brownish =1.56 78,92 909 | 10.3 0.84 Silty sand
I16-G Sand 0.7 Grey 1-25 11.49.  B2.6 4,94 0.35 Gravel ly coarse sand
16=E Sand 0.55 White aray =1.16. 20.8 76.47 2.6 - Gravelly coarse sand
9-A Sand 0.5 Dark gray 2.93 = 78.6 20.53 - Silty sand
I9-B2 Sand V.2 Gray 3.1 - 92.16 7.65 - Sand
53~B Diatomaceous 0.05 Gray .36, 10.59 77.22 9.46 - Gravelly slity med.
shelly sand sand
54 Sand 0.8 Yel lowish l.13 25.84 53%-65 F701 25 Gravelly silty sand
03-B Ash 0.6 Gray =005 52,17 40,42 &.53 0,47 Coarse ash
05-A Ash 2.2 White gray -0.03 5s6.81 17.83% 22.93 0,16 Coarse ash
05=C Ash 0.2 Gray Q.53 21.67 62.86 9.63 |.66 Coarse ash
| fi=A Ash 4.5 Gray D3 - - GE. 84 .16 Fine ash



i

cosrsex. s2nd grains, 2nd although poorly defined, the osci-
lletory ripples may indicate the action of waves during the
deposition of the sands implying thest they are formed in the
bezch pert of the leke., The beach character of these sands

ie also shown in section 4,
Composition

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

sist of basslt, scorea, rhyolite. Obsidisn and Pumice.

The pumice grains are altered ond sometimes limonitized
and constitute the highest proportion. The common crystals
arc ¢hert, guertz, senidine and plegioclase with encrusted
pyoxin (a2ugite). Glass shards are ~bundant in the very fine
fractions and are thin and fibrous like in shape. Hornblende,
augite, biotite and mognetite are the frequent heavy mimeral
grains in all the send semples. The sand interbeds in diato-

mities are dietomaceous.




TABLEY: Compositional Characteristics of the toper Scquence Deposits

=4

Samp le

-;;L? Lithoclogy Pu V.G, K.F, P.F, Q. Obs Ha Ry Sc F.OXCh Pxn Mg Hb Bi HF
03-C Gravel A A 0 G & 8.6 = = - R £ ¢ D08
03-0 Grave | A A & g #f € = = == O 0 A CF D:Ib
05-0 Graval A& % F |, € = R & = 0 E K ¥ B F 0i6
ES-Bl Gravel A G C = 0 = = = = g o F == g
5B, Grave! A A F F O F 0 0 -0 0C A R - 02
15-C Gravel f A P LE D B D = =g 0.C A 0= 02
15~ Grave | A A C c - C R R = = C R A RO 02
164 ravel A A F € 0 F - R « = FF F A = 06
16-C Gravel A A O € = F F = =0 FR F A = 0.3
16-1 Ggrael A € O F R € - = 0= =€ F A = 0.
|7-A,, CGravel A € € € O F 0 0 -0 00 F A = 0.
I7-A, Gravel A € € € O F 0 0 -0 00 F A - 0l
17-8, Grave! A AL F I OlR BN R > F A0 € F 0.3
178, Gravel A A JE F G C & o0 R.= E A B CE O3
19=C Gravw! A A F F O F - 0 -0 F R O F 0O 006
52-A, Gravel ~ A c E € = & R = €€ €A £ R R 06
Ja Gravel A A HE L ERAL D R w R
548 Gravel A C€C F F = R = = =R OGR C € -

14=A Siit A A 0 F e = REOE =T

16~H Silt c A € ¢ R CRE=T=g =E . R =

16 St & W OFER G AU =0 G R BT
17=A_ Sil+ G A F g R FEli=. .= .28 ~ & B F =
17=A " Silt E A G 00 iRt e S
17=A.x ST g A € F 0P RN RS0

17-A Silt AOC 8 € 0 € v el R e R

52-A Siit A A bR = o0 R RIBE SR e

03-€ Sand A ¢ R E B & gh s ralwETerE SNRE

05-8 Sand A A © F R 2 e Sl iy R
08-C Sand A A R R0 B ROD SO SRR




Tanla 1 contad,
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Sanple
NO. LiThalogy Pu V, K.F. 8 F. 0. Obs Ba Ry Sc F-0x Ch Pxn My Hb Bi HF
14=8 San¢ A F F_ 8 Fo s A ST E_R.F . x 0.5
6= Sand A F I R, 0 A NE 0.15
1= ar AR R 6 DVIEL S s LR 0 A C R =07
19=2 o A A F € R ~ =/ 2 0~ R @ 0.06
(9-8,  Sang A A 0 0. =R s~ WA RRlIS A 0.1
82, 8, Sana AR c CH R = S O 0 A 0.23
54-A  Sand AA R G s LR - Gk Dt o)
634  Sand AC F F R £ 0 F NS00 L FE o B
63-G  Sand C € F F =% o ROUM T Mg 1.06
B7-A Uiatomite F F 8] 0 = = o SRR Rosnte g o N.O.
08-0 Diatomite Q R [ R 0 R =~ R =il &SN s N.D.
20-4 Diatomite R © - T Ml E=ae | e S N.D.
52-A Diatomite 0 F - R = R = Up i s SESs Nkt
98 Diatomite R F R & Ridel Beihe IS M.
2=C Uiatemite @§ F = I L i T N I =
52-0 Diatomite © ¢ - R = 0 e bl =l i N.D.
By Oiatomite: B F = ek ee SRR Al o
03B s A C F F RV S0 0% Ex N cTotae
05~A  Ash AR F R R C sl <0 B EURE SR R < DN
05-¢ Ash A A 0 ¢ 0o ¢ R R =F RR ¢ €003
18- asp A A Fo G = R Ry GLap Py Cniipgt g
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ts of the Upper Sequence occupy 14% of the colunn,
and are third in abundsnece next to gravels and diatomites,
They sre gray, grayish white, greenish grey and dark gzray in
colour. The thickness of these silts vary from 10cm to a
mexiuum of 1.7mts. About 70% of the silts are dominantly
medium silt sized and the rest 30% are cither cosrsesilt op

fine silt.

More then 60% of the silts are diatomaceous. The diato-
maceous silts commonly occur in the middle and bottom of the
scction for the sequence, Whenever they are diatomaceous
they often are associated with the coarser grained sediments

and generally rest on sandy gravels.

The silts are poor to semi-consolidated in most of the
sections snd 2re thinly bedded. Iamination is the most common
sedinentary structure displsyed by them. The individual
laminee vary from layers to layers and in-some the Laminetions
are less then 4mm, while in others they even reach upto 4mm.

in thickness, Tn some of the silts orgenic matter layers,

€specially a2t their top are observed. The thickness of these

layers is very very thin and in one sample (53B, plete 7)
three lryers, a %mm thick end separsted from the above two

by 1%ecm and two lpyers 1mm thick each and Sepﬂrﬂted from
15
ach other by Amm silt lamina are observed to occur persiss

e
tently within the somple, However, from the results of th

— ko in section 3
Setiquantitative organic matter analysis given in

: of orgenic
M08t $ilts are found to conmtain very little amount

"eter as compared to the gravels.



matter in silte.

Flate.Te ‘hin | ‘JBI‘. of Orgﬂ.ni:
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Compesition

Compositionally, the silts are formed of feldspars, glass
gShards, Cherts of Variable clour, quertz, pumice grains, and
few lithics of volesnic rocks. Essentially these censtituents
are similzr with the constituents of other lithotypes.
Obsidian, scorca and tuff are the lithic compgnents of the
silts. Purmice grains sre usually subrounded to rounded.

The gloss characteristically forms 70-80% of the components.,
Hornblende, tourmaline (?) and eugite are the frequent
heevy minerals in most silts and augite is the dominent type
aaong them. Calcareous concretions, small amcunts of iron

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

samples,

Scite of the diatomsceous silts contain shells of gas-

tropods and remsins of plants. A remerkable feature of the

8ilts of thc bottom section (Fig. 8) is that they contein

shells of ostracods. Especially, samples 16F, H and 32-4;

are extremely rich in frosh water ostracod shell of the

i esh
Same type of species., The presence of few species of Ir

; ] — : stive
Water ostrocods in oligotrovhic association 1s SURES

, ; nent of
°f & very restricted and selective or closed environnen

lagoonal type (F. Russo, Peronal commun) «

- @



TABLE @ Description of Grain Size Distributions of Silts and Diatomites (Up.S.)

Ssample Thick=- Mean Taxtural
No. Litholody ness Colour Size® Gravel Sand Silt Clay Nomenc | ature
fd=-A ST T 0.3 Yellowish White 5.58 - 49, 3| 49.85 0.65 Sandy silt
f6=1i1 S 0.07 White el - 32.4 63.28 Z2.36 Sandy sil+t
[6=J Siik+ I.18 Grayish white 4.55 30.04 58.81 9.71 - Dito

l?—-A00 Diatomaceous silt 0.2 Gray 5.46 - 2.3 89.67 3.93 Silt

l7-A0' Dl atomaceous silt 0,1 Gray i ] - 5,24 81,72  2.38 Siit

l?-ﬁos Diatomaceous silt 0.12 Dark gray 4.83 12 44325 TF2.B5 = 4,05 Gravel ly silt
l?-AI Diatomaceous silt 1.72 Grayish white 5.96 - - 85.64 14.36 Sil+t

52-A, Siit 0.25 Greenish gray 4.9 - 26.04, 57.76  [1.95 Sandy silt

53-8f Diatomaceous silt 0.2 Yellowish 4.7 - - J7.55 ., 8256 Skt

07-A Di atomi te 1.22 Yellowish white 6,43 - - 83.45 16,55 Si 4

08-D Shelly diatomite 1.22 Ditto 6.76 - - 74.69  25.3] StI1

20~A Diatomite 0.5 White 6.86 - - 65.92 24,08 Mud

52~A Diatomi te 0.85 Grayish white 6.13 - - 88.63 HE 3% Si bt

52~8 Diatomi te 0.5 Gray 6,46 - - 84, 35 5. 64 Silt

52-( Diatomi te I9 Yal towish white 6.43 - - 87.00 13.00 Sii

52=0 Di atomite 4.8 Yellowish white 5.38 - - dl.55 18.45 it

53—63 Diatomite 6.16 Grayish white 6.16 - - 83.60 16.4 ST+
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The dirtomites of the Upper Sequence are ons of the
major lithotypes that occupy the largest section of the
stretigraphic column of the sequence, They range in colour
from light gray to yellowish white and chelky white, Sections
of diatomites occur in the centrel and southwestern part,
They a2re fine grained, poorly consolidsted and extremly
friable. The thickness of the individual dietomite leyers
varies from 50cm (locelity 19) to over 10mts (locality 54).
Thickest sections are found in the southwestern part of the
aré¢a in the more deeper sections of the gullies feeding
Bulbula river. The diatomites in the northeastern part of
the srea do not exceed 1mt 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.

Obscrvetion of these diatomites in the  field have

shown thet with few exceptions they occur directly above the
gravel layers, Two main distonite layers or horizoms are
identified fron their stretigraphic relationships. The top

layer. is represented in localities 07 and 09 and has &

thickness of 2mts, The second leyer is about 10mts thick

ler sections both in the
s 53 and 54).

°2d is exposed usually even in smal
¢entral and southern part of the area (localitie

¥ : 3 itho-
These two l7yers are not that much different in thelir lit

: 50 two
logic dotails., However, the top layers contein atlesss
ivalves.
Br2vel interbeds with shells of gastropods and bival
___#
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late 8 Diatomites of the Upper Sequence (white)



Diatomites

of

-55.

the Upper Sequence (grayish

white)
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The dietomites at the top of the section are massive apd
bedding is interrupted whenever gravel or zsh sre interbedded
in between. The bottom sections of diatorites are thickly
bedded and internally lesminated. The laminstion slternstes
between grayish white and yellowish white layers. The grayish
laminac 2re probably caused by esh, The individual leminae
very between ‘cm and 10cm, [lthough there is this variation
in the thickness of the laminae, their thickness, however is
reguler being 4cm on the average., The bedding plenes bounding
the diatoniites are sharp contacts rugardless of what lies

above sand bzlow then.

mlike the diatomites of the Lower Sequence, these di-
atoritus =re unaffected by faultiné and hence 2re loose and
not frectured, Sone of the diatomites contain occasionally
orgenic natter and similar types of shells that occur in the

gravel interbeds between then.

Composition

The composition of these diatomites are not different

fron the distomites of the Lower Sequences. They are ex=

tremly rich in fossil diatoms. Other constituents commonly

t.
found in the other lithotypes are present to @ smaller exten
i i ithic
These include punice clasts, glass shards, silt sized 11

fragments, chert, few iron oxides and zeolites.

e
Chemical analysis of 12 samples (teble 8) frou thes

. 0 e} (] 85.“%).
distomites indicates a lower everage 5i0, percentage (

: equence
jve increasé 1in
(table 3) snd is compensated by a comparat
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TABLE &: Chemical Analysis of Diatomites of Upper
Sequence lafter Knoth, 1981)

Sample _ “20 at

Na. 5i0, A|203 F«athl2 Ca0 Mg0 Na,0 K20 M.0 'lfl(:l2 lgnition 116
| 76.5 7.8 3,7 1.4 0.8 204 1.2 0f a7 4.8 5.11
2 85.0 4.7 2.4, DG O U 08 B0k T0U3 4.8 5.4
3 84.8 3.8 252 T ULS 20 LOELBL S 00T o 5.1 5.7
4 83.8 4.8 2.6, 0 0.4, 13 0.6 .00 0.8 Sd). 83
5 83.0 5.7 2.6 0.6 0.4 1.4 1,0 0. 0.4 4.9 6.5
& 85.0 4.4 25 05 0.3 .6 0.6 0.1 0.3 4.7 5.6
7 85.4 4.3 2.3 " 08 GG 008 iR 4.7 5.4
g 65.5 4.4 2.3 0.3 04 1.4 0.8 0.1 0.3 4.5 6.0
9 82,7 2 2.8 0.4 0.5 [I.6 1.4 0.0 0.5 4.4 5.0
i0 82.%5 5.¢& 2.7 0.6 0.3 1.9 001 o 4.7 4.5
| 80.5 6.3 3.5 BTG 00 509001 ik 5.3 5.2
12 852 2.2 {3 B2 03 0T 05 Dl 03 6.2 5.4
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aver=ge valuc L v i
aver=ge valucs of 11203 (4.9%) and F';;EO_,5 (2.5%) which nay
be sttributed to the increrse of ash impurity in the diatomite

of this sequence.
2.202.5 LSh&iS

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 southwestern
part of the study area and in locality 51 in the central part.
The thickness of these ashes varies from less then 10em to a
meximum of 70cm. Often they occur as thin interbeds in gravels
and distomites, 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 dietomites. In perticular, in the
diatonites, they often cause the greater degree of impurities
and change its lithology to grade into diatomaceous ash or
ashy diatomites. Although not seen by most ash layers, poor
normal gradation and bedding is observed in some ashes (03C

and 184),

Most of the constituent materials are fine to coarse ash
: i one
except in few cases which reach upto lapill size. In one
. to
sanvle (OB-B) the size of pumice clasts even reaches up

: i asts of
6¢cn, The green gray varieties consist of pumice clas
basalt

. . it
Variable size, obsidian chips and lithics of rhyolite,

N amains to be
(andesite ?) and scorea. The basalt size remal
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snaller (1-1.5cm) than punice Brains, The marked property
observed in these kindof aghes is thet within the same type
of lithic clests, the size distribution seems to be similar,
Most of the lithic froguents including the pumices also are

angular,
Composition

The ash samples, when examined under the microscope are
similer in nineralogy and texture, They are in general com-
posed of chert, feldspars, glass and lithic fragments. The
feldapars include both sanidine and plagioclase. Glass
shards are mostly angular, flat, sickle-like and occasionally
Y shaped particles. These sre associ-ted with crystals of
scnddine and biotite in some of the ssh layers., The lithic
fragments come from besalt, rhyolite, obsidian and pumice in
the order of their abundence in most ash samples, Most lithic
frogments ore limonitized.

The pumicé fragments are white to gray tubalar, vesicu-

lated, thin and ellongnted most of the time. Sometimes glass

with small scatterecd plagioclase, hornblende (pyroxene ?) are
Seen in association within few pumice grains. /Among the heavy
minerals present in these ashes, pyroxen (augite), mapetite,

hornblcnde and biotite are dominant in decreasing order of

importence.
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2e2¢%  Summary of Lithologics

The Lower Sequence angd Upper Sequience were clearly iden-
tifinsble in the fislg by their occurrence, Tower Sequence
deposits are mainly exposed in uplifted blocks =nd are
fenerally disturbed while the Upper Sequence depesits occur
in the flat areas of the region without being affected tecs

tonically,

The lithologic descriptions for both sequences showed
that similerity exists in the gross charscters of the litho-
tyres. Thickness of sediments increases westwards and north-
castwards., Sediments ere fenerally frisble and unconsolidated,
Bedding is the most common sedinentary structure displayed
by these sediments and seems to be initinted particulerly in
the coarse grained gravels by a slight change in colour and
size of materials, fThis may suggest constant supply of sedi-

ments during the sedimentation period. Grrvels belonging to

the Lower Sequence were not identified. However, their occur-

~

rence in the sequence is suspected further to the south,

Shells of gastropods, bivalves and ostracads are found in the

sedinents of the Upper Sequence, The rbsence of shells of

gastropods in the Lower Sequence of the study ereaz may be due
to the 1rck of shallow water (beach) gravels.

The primary petrologic constituents of these sediments
are Predominantly pyroclastic meterisls which indicates that

; ) ose
the supply of the sediments was from e volcanic center whos

A obble
Products ape largely pumiceous materials. The major p e

> idian
&nd granule lithologies of the gravels are pumice, obs

and basalt,
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2.5 Textura! Studies

The sediments of the Adsmi Tulu area studied vories from
clay size to pebbles with » maxinun diancter in excess of _
30cm. Lateral and vertical chenres in grain size »re common
and an accurate estimate of relative size abundence is not
possible. However, some rationalization ie schieved by
grouping size classes into genersl lithotypes - grevels, snnds

silts, distomites and ashes,

Groin size distribution from the different lithotypes
werc determined by dry end wet sieving of the cosrest
materisl and pippette analysis of silt ond clay sized frec-
tions. The results of the mechanical analysis are summarized
by Tigs 9 to 16, Where possible, the following parsmeters
were calculated for each sample: median grein size (M),
coarsest percentile (C), standard devistion, sorting coeffi-
cient, skewness and urtosis as in Folk (1968) (see tables
2 to 12).

Mean, medi=n, sorting and standard deviation have been

ploted against each other (Fig 11 and 12) ofter the manner

of Miola and Weizer (1968). Values of conrsest percentile

(C) have been plotted against median grain size (M), follow-

ing the method of Passega (1957). These plots show the

distribution of textural parsmeters in the deposits and are

used for the interpretation of the enviroment of deposition

in scetion 4,
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.27 Textures of the Lower Sequence deposits

Sands

The sznds of the sequence are composed of on the average
4% gpravels, 67% sands and 27% mud frrctions. The median size
ranges from 2.1 @ to %.90, the aversge being 2.9¢ nnd the
aversge mean grain diameter (3.28) for these samds is fine
8and. This velue is low for most sands becsuse of the pre-
sence of significant, proportion of mud (table 1), The tex-
tural clessification according to Folk (1968) for these sands

are grevelly silty sand and silty sand.

In genersl the sediments are very poorly sorted and
exhibit sorting coefficient values of the order (1.950 to
3.11%). The velucs of skewness for the samples enalysed are
positive ranging frorm 0.09 to 0.53 which indicates distribu-

tion from near symmetrical to strongly fine skewed.

Silts

The silts of the Lower 5, quence generslly comprise
medium (46%) to coarse silt (33%) fractions with clay frac=
tions in the range of 1% to 29%, average value being 21%.

From the granuloretiric indices of table 9 calculated

from curves of Fig. 10, the median aversge is found %o be

5.75¢ while the mean dianmeter is 6.860 (mediun silt).
the majority of

Except

one sample 42% which is moderstely sorted,
the samples are poorly sorted, Sample 42F 18 moderntely

sorted because of high percentage of medium silt fractions

ond relatively lower clay frections. They heve varisble
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SAMPLES OF LOWER SEQUENCE.

AMETERS.
- CIRCLED NUMBERS INDICATE VALUES OF DI

|
B y ASH
' o 96
£ / ;!7"3:’ ‘m o
e » 1)
/ 1.-/ ,-/ ¢
s / i i~
e /
d g
£ 48
50
(30
—20
10
]
s AIN D S
L 3 3 1 ] 0 0l
4 ! { 1 1 1 -



=t

TABLEY: Granulometric Indices of Lower Sequence Deposits
Sample  Lithology Coarsest $ Median Mean Sorting St.Deviation Skewnoss Kurtosis
No. C Microns  Md @ [} ] ] Sk
| 6 ' "5

04-C Sand 5000 2.7 295 Fli 3.26 0.09 0.93
04-D Sand 4500 . | 2.16 1.95 | Y 4 0.42 1.42
42-A  Sand 375 3.9 473 2.18 2.25 0.53 121
04-B Diatomite 1900 T8 756, 2:6 3.25 0.29 0.6
04-E Diatomite 42.7 7.2 7.16 .45 1.45 0.02 1.08
40-A Diatomite 28.2 =5 Ve 1.10 1.0 0.05 i.8
41-C Diatomite 45.7 & 6.26 1.48 ) B 0.31 0.97
a1-E Biatomite 45.3 6.7 7.13  2.01 2:15 0.32 0.87
58-8 Diatomite  45.4 7.8, .56 (L4 1.4 -0.03 . 1.07
04=F Siit 48.0 40,  19.33% 1.33 0.85 0.39 3.51
4i=8  Siit 37.45 6.8 7.0 1.25 1.05 0.29 .63
42-E SHIF 37.45 5.8 6,03 .12 0.85 0.53 3.4
58-C STir= 43,17 5.6 G35 IR .8 0.65 1.48
a|-f Ash 43.7 5.2 5.3 0.64 0.65 0,40 0.95
42-D Ash 5600 2.9 - 2.5% 2,85 2,85 -0.12 0.50
58-A Tuff 47 6.5 6.66 1.67 | .65 0.42 1.16
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skewness (0.29 to 0.65) wgich varies from finely skewed to
strongly finely skewed. The kurtosis value in table 9
indicetes that the cumulative curves (Fig. 10) are leptokurtic,

implying better sorting in the central porition than the tails.

Distomites

The diatomites of the the Lower Sequence comprise on
the sverage 40% fine silt, 17% medium silt, 11% cosrse silt
and %1% clay sized fractions, This distribution of sizes .
shows that they are dominsntly fine grained. The m@an grein
dinmeter for these sediments is well nbove 7@ (very fine
silt)., The overage of 6 samples 18 7.19¢. Although the

abundent size in most ssmples is very fine silt, nearly all

the analysed samples are poorly sorted ns indicsted by the

velue of their sorting coefficient (on the average 1.670) .

The skewness velue for these diatomites (average 0.16) |

indicstes that 50% of the semples Are near symmetrical while

the rest 50% are finely skewed. furtosis values for the majo-

rity of the diatomites approaches normal kurtosis implying

conparsble sorting between the tails and centrel porition

of the cumulative curves (Fig. 10)

hLshes

Mechanical analysis of the ashes from the Lower Sequence
showed that the ashes are generolly composed of ash particles.
From the three samples studied, 90¥% of the neterials for two
semples are smaller then 50 (Ay32on) end for sample 42D 80%

stween 4mm And 1/32mn. The median

of the natcriels sre in
~ sremeters
sizge lies between 2.9¢ and 6.30. The textural p £
L ————————
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calculated from the main populstion of Fig. 9 indicates

that except one sanple 41F, which is moderately well sorted
with sorting coefficient of 0.65@, the rest are poorly sorted
with higher value of sorting coefficients (Table 2). The
skewness values of 41-F and 58-A0 sre positive-strongly skewed
towards fine perticles while 42-D is coarsely skewed with .

negative (-0.12) skewness value,

"nen the medisn dismeter MA@ is ploted against stendard
doviation og(Inmen's parameter) for pyroclastic deposits, they
pener~lly plot in two fields, ome characteristic of fall dep-
osits, and the other of flows (Walker, 1971). Such a plot
(Fig. 11) for the ashes of the Lower Sequence places the fine
greincd sshes 44-F and 58-40 inside the fields of pyroclastic
fall deposits and 42-D in the field of Pyroclastic flow depo-
s8its without overlap clearly indicating the fall and flow 2
neture of the ashes., In a plot of MdP ageinst sorting coe-

fficiont (fig.11) after the manner of Walker end Cronsdale

(19792) to distinguish sutrseyan froa plinien deposits, the

@rain size charscters of the ashes fell in the fields of

distal fecies.
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2.%3.2 Textures of the Upper Sequence deposits

The grevels of the sequence generally comprise particles
of all sizes with highly variable amount, The gravel porition
forns on the asverage 60%, sands 25%, and mud 15% of the con-
stituent sizes., Although the average value of gravels seems
to be lower beczuse of the significent proporition of sand
and or mud fractions in some samples, the gravels percentage,
however, cxceeds 80% in certain gravels. Such as 03-D, 15B ,
17-B , and 54B (table 2). On the besis of the relstive pro-
pordtion of the constituents, the gravels are texturally cla-
ssified =s silty, sandy, silty sandy and gravel following the
clessification scheme of Tolk (1968).

The high proporition of muds and sands in these sediments

have reduced their average mean dismeter to -0.48¢ which is

very cosnrse sand, however, in all the samples plotted atleast

20% of the fresction sre coarser than granule size (Hmm) .

The sorting characters of these sediments likewise are
i iz ies
grestly influenced by the wide range of grain sizes. It 1

in between 1.58 to 4,150 which is from poorly gorted to extre-

The skewness value for the

nly poorly sorted (table 10) .

& 3 tro-
gravels veries from O to 0.92, nearly all samples belng 5.r°
ngly finely skewed.

gravels have apngular to eubangular grains.
! e e o]

The majority of .
05-D and 17-A02 have Ereins

Certain grevels such as 17-B

displﬂying well rounded features.
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TABLE fo: Granulometric Indicos of the Gravels (Up.S.)

Sample Coarsest $ Median Mean Sorting 5t.Deviation Skewness Kurtosis
No. Lithology Clmicronst Md "] (') o, LS 51.[1 KG
03-C Gravel 9600 I, i.7 a, 4.35 0.3 0.78
03-D Grave! 11200 =1,5 «1.9 fo2 c.5 0.3 5.66
05-0 Gravel | 6000 1.4 1.66 3.B8 4.2 0.18 0. 83
l.‘.-'dl Gravel | 7100 =2.4 =1.2 2.9 5.05 0.69 1.08
15-82 Gravel 11200 0 0.25 2.8 2.85 0.2 1.51
15-C Gravel 11200 =0.6 0.435 3 3.45 0,43 1.03
15-D Gravei 19200 =2,6 =2.3 1,29 1,55 0.40 0.54
16-A Gravel | 200 -i.2 1,06 1.8 1.9 0.2 1.04
16-C Gravel 8800 - -0.3 =0.3 i} z 0 0.76
[6=1 Gravel 6000 =061 =0.13 2.23 0.l Q.46 .68
|I-A02 Gravel 6000 2.3 1.9 3.52 I8 0.00 0.63
I?-ﬁoil Gravel 12000 =3 -0.23 A4.I15 4.45 D.92 0.7
17-8, Gravel 11200 2.5 =2.% |.66 0.5 0.41 7.7
17-32 Gravel 38400 NG =2us %1 1545 =0.33 0.81
19-C Gravel 17100 =308 pat=2 2.96 3.05 0.69 .08
52-A Gravel 5600 (4] 0.86 1.3 3.8 0,33 0.53
53-A, Gravel 1 9200 -2 1383 . 2,17 2:11 0.42 2.72
54-8  Gravel 1 9200 2.5 =076 375 375 -~ O.78 1.91
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Sandr

These lithotypes consist of on the average 75% sand,
12% grovel, and 15% mud fractions. As shown in Fig., 14 of
the size frequency distribution for these sands, more than
70% of the materials in most samples are -below the coarse
sand size as a result of which the mean and median valués
1.280 and 1,175 respectively, are in the medium send grade,
Tike 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)., Sorting,
except for two samples 08-C and 1932 (Teble 11) which are
moderately sorted, for most of the sands of the sequence
is poor to very poorly sorted as it is indicated by the
average value of 2.03@. The skcweness value is in the range
of -0.16 to 0.78 which is from coarse skewed to strongly

finely skewed. It can be inferred from their Kurtosis values

that the sorting in the central porition of the curves is °
better thon in the baiis of the curves.

The grevel frections and most of the sands sre angualr

to subangular.

Silts

The silts on the average consist of 67% silt, 17 .4% send

i i i distribution of these
and 5.8% clay sized particles. The size di

The nean snd nedian diameters

amples (5.15¢ and 5.20

sediments is shown in (Fig.15) -
analysed S

are nesrly sinilar for the
edium silt Trange. These values

respectively) which are in the m

i € e silts
ore relatively lower when compared with those for the :
e to the presence of sand fractions.

s

of the Lower Scquence du
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TABLE ji: Granulometric Indices of Sands and Ashes (Up.S)

Sampie Coarsest § Madian Mean Sorting St.Deviation Skewness Kurtosis
Ma. Litnoiogy Clmicrons) Md @ a o, o Skl KG
03-E Sand 10400 B TR R T A 58 0.24 0.87
05-8 Sand 22400 2.4 {8 A2 4,55 =0, 16 0.74
08-C  Sand 2400 " 1S3+ 0,91 bl 0.12 0.70
{4-8  Sand 25000 %2 456 . 317 3.25 -0.33 1.7
16-G Sand 4800 0.4 -0.23 1.2% 0.7% 0,45 2.9
IE-E Sand 19200 1.8 ={.16 . 333 bl 0.28 1.63
19-2  Sand 700 Sy e R ] 1.35 0.32 1.2
I9-8, Sand €00 3.2 51 075 0.75 ~0.16 baAS
53-8, Send 5200 - 1.3 1.3 2.0 2.0 0.04 119
55-A  Sand 8800 6.3 faqd 53 3.65 0.37 1.0
63-8  Sand 12000 1.3 1088 354 3,57 0.19 1.4
£3-0 Sand 11000 T U [ Y Y- 3.6 G.29 1.1
03-8 Ash 2 -0.5 =~0.03 2.83 3.0 0.21 0,85
05-A  Ash 23400 -1.6 =0.03 /408 4.75 0.1  0.62
05-C  Ash 20800 -p/8  0.5%  3.03 2.85 0,44 117
18- Ash 50 5,3 5.3 0.68 0.55 0.28 1.38
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TABLE)}R: Granulomatric Indices of Diatomites and Silts (Up.S.)

Sample Coarsest ¥ Median Mean Sorting St.Deviation Skewness Kurtosis
No. Lithology ClMicrons) Md @ @ { G Ske |-(G
G7-4  Diatomite 47 5.2 6.43 1.47 1.55 0.33 0,81
08-0 ° Diatomite 50 6.5 6,76 [L79 }.85 0.23 0,86
20-A Diatomite 44 5.8 6,86 1.99 2.2 0.43 1.72
52-A Diatomite 47 6.0 6.13 1.39 1.4 0.26 0.89
52-8 Diatomite 23.4 6,2 6.46 1.44 1.4 0.537 1.05
52-C Diatomite 23.4 6.4 6.43 1.40 1.35 0.18 1.03
52-3 Diatomite 23.4 FA1HN (508 1.5 1.5 0,54 )
53-!33_ Diatomite 23.4 5.6 6.16 1.7 1.55 0.62 z.71
i4-84  Sitt 1600 4.2 3.52 3.3 359 =0.14 0,63
16-H Siit 125 8.1 5.1 (25 1.4 0.0 .14
16=1  Silt 125 457" 4;53° an 0.85 -0.08 1.07
I7-a_ Silt B7.5 5.4 .46 0.95 0.5 0.38 514
L7A ?G Siit 200 5.9 5.3 0,92 0.6 0.13 2.4
|7—203 Silt 150 5.2 4.83 1.75 [.15 -0.3 3.17
r?-,euI Si H. 47 5.4 9,96 1.48 1,45 0.63 1.2

850 g 2a &9 1.98 1.75 =0.09 1.57

52—}\2 St



T

The values of esverage: sorting coefficients exhibted by
the anelysed silt samples are of the order 0.928 to 1.988
which indicetecs moderate to poor sorting. The skewness is
rlso verisble between -0.09 and 0.63 which is in the range
of near symnetrical to strongly finely skewed. However me jo-
rity of them show near symmetrical distribution. TLike the
silts of the Lower Sequence, they have leptokurtic cumulative
curves which according to Folk (1968) implies better sorting

of thé central porition then the tails.

Distomites

The diatomites of the Upper Scquence are fine-grained
and are essentislly composed of silt and clay sized prerticles.
The studied samples are especially marked by a predominance
of silts averaging 81%. The rest is made up of clay and
sand frections, of which the former is dominant over the

latter. This fine greined neture of the distomites ie ref-

lected in their medisn nand mean diameters (tebles 12), the

average of which is fine silt 6.110 rnd 6.460 respectively.

Howsver, when compared with the diatomites of the Lower

i i ce are characteri-
Scquence, the diatomites of the Upper Sequen

zed by relatively lower @ values of medien, and mean dismeter,

sorting coefficient, and standerd deviation (table 12), being

it is indiceted by their
ctions, they are poorly sorted as it is indiceted by
. . . Skeweness
sorting coefficient values (on the eveTage 1.599) E

values for these lithotypes are pelatively higher than those

The range is from 0.18 to 0.62

‘_4

of the Lower Sequence.
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(finely skewed to strongly fine skewed).

ihen the me

)

n or median dismeters are plotted ageinst
the sorting or standard deviation velues for the distomites
of the Lower and Upper Sequence, because of their differences
in the average sizes, they are seen to be sepsrated without
overleps, the Lower Sequence diatomites occupying the region
to the right of the diztomites of the Upper Seauences, This
fact is =21so refelected in the plot of coarsest percentile
10! ageinst medien dismeter according to (Pessega,1957). In
this plot (Fig 20) the distomites of the Upper Sequences are
concerntrated nearer to the limiting line C=M then the dia-
tonites of the Lower Sequence, The nearness 68 these dia-
tomites to the limiting line C=M indicates the tendency of

the Upper Seguence diatomites towards better sorting than

their c¢quivslents of the Lower Sequence.

PN =~ N o TR ]
ASDES

The ashes of the Upper Sequence generally display &

i A : rticles.
spectrun of sizes from lepilli size to Very fine esh pa

snilld oarse
On the rvererge they are composed of 22% 1leapilll, 30% ¢

As shown in Fig 15 the size

ash and 37% fine ash materials.
ce. are approxi=

distributions of the ashes of the UPPEr Sequen

to two or three parts, on

mated by curves, usually broken in
This means that they have

1973) eech of which 18
tted more than

olyT:‘Od{".l dis-
brobability paper. 4
n 10B.

tributions, (Yamazaki, etel,

normel distribution. In all the semples PO

_og (4um). Both the

80% of the meterials are smallel than

o8
ower @ velue
nedian and mean sizes except foT 484 have 1

_____---lllllIlllllllll
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(teble 11), with the average of -0.86¢ and 0.158 respectively.

The mean and medium values for semple 184 are higher.

The sorting characters of these ashes are very poorly
sorted with variable sorting coefficeient velue 2.83@ to
4,050, The skewness values for all the asshes are positive
and varies from finely skewed to strongly finely skewed,
the sverage skewness value is 0.36. The ash sample 18A
is distinct in its textural characteristics from the three
ssh ssmples, It is characterized by higher mean and median

values, and lower value of sorting coefficients (0.680)

which is moderately well sorted.

Walker's (1971) diagren of Mdg sgeinst gz (Pig.11)

secparetes these ashes into pyroclastic flow and fall deposits.

Ashes 054, 05C and 03B plot well in the fields
when the sorting

of.'Tlows while

184 falls in the fields of fall deposits.

coefficient is plotted apainst Mag (Fig. 12) after Welker

(1972), only the fine ash (18A) displays features of the

distal facies, whilc the other 3 semples lie in the region

betwecen the proximal and distzl but more ncaree to the
proximel facies. This may suggest that they probably repre=

sent the marginel pert of the proximel facies.
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gunmary of textursl descriptions

3

h ranulonetric study of the ;dmi Tulu sediments show

(4]
g

e wide varietion in the textural parameters. Average sediment
csize ranges from very coarse sand to very fine silt, It

will be noted from table 1% thnt the scdiments of the Upper
Secouence are reletively cosrser than their corrersponding equ-
ivalents of the Lower Scquence. This may suggest that when
the Upper Seqguence sediments were deposited, there probably
wes & continous and rapid supply of materisls to the basin

with little or no reworking.

The stsndard deviation valucs are highly veriable becruse

of wide veristion of sizes in most lithotypes. Nearly all

the deposits ave positively skowed and are in general poorly

sorted, The positive skewness and poor sorting may reflect

the lsck of winnowing current action. Lower Sequence sedl-

: : KA S moper Oe
nents are largely mesokurtic while sédiments of Upper Gequence

are lergely leptokurtic (teble 13).

The polymodality of these sediments perticularly of the

i ; hre
coarser sediments i.e. sands and gravels is shown by breeks
! 2 this
in the cumalative curves (Fig. 9,1% and 14). However,
rily imply thet parts of the

high-energy gnvironment,

t ) sediments achieved
nay not necessa
: and that
their sorting elsewhere 1n @
: 31 ir si cheracteri-
they were transported essentially with thelr s1z€

. snd VWerd
stics unmodified into snother environment as Folk

r bar gediments. But rather

(1957) suggested for Brazos Rive

srness of the source. The subznguler

it could be due to the ne
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TABLE 13 ¢ Surmary of Textural Charactaristics
Textural Gravel,
Parameters MNo.of Samples  Sand _ Silt _ Diatomite  Ash
I VPS 395 I Vs | VPS
Sorting S 2P5 | MS 4Ps | P&
IMS | MS
Lower A .
Skewness - 5F§ §FS SF-NS £S-SFS
Seq.
S. Dev. - 1.7-3.26 0.85-1.8 1=3.25 0.65-2.89
Kurtosis - MK LK MH=P¥ LE=MK=PK
Mean 0 = 3.2 6.86 7.0 q.85
9 VRS 3 VPS 3 PE
Sorting 9 FS 4Ps 3 Ps vPs
M
Skewness SFS CS=SFS NG=SFS SFS SFS
Upper
S.0ev 0,5-4.45 0.75-4,52 0.5-1.7% 1.3%=2.2 0.95=-4.75
Seq.
i LK SLK 5LK 3PK LK
Kurtosis 4MK IMK | WK o 8 PR
TPK IPK Z}K
Mean @ -0,48 1.28 5,15 6,46 0.15
Note:
e 2 trical
VPS - very poorly sorted NS ~ near symme
PS = poorly sorted LL:‘;S( - ?z::::u::?:ed
- mode o rted -
e i s MK - mesorurtic
SFS - strongly finely skewed pK - platykurtic
FS - finely skewed
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nature of the pumice pebbles and the homopeneity in composi-
tion of these scdiments are in favor of short trensport and
necrness to the source, If the sediments are nesr the source
of the sard, they are charscteristically leptokurtic snd posi-
tively skewed (Folk and Werd, 1957). The sands of both scquen-
ces ere in general leptokurtic and positively skewed (teble 13)
in agrement with this statement, These considerations may
suggest that sorting was primary and polymodality resulted
only due to the variation of the sizes of initiel source

materials.,
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3. Organic Metter Studies

Because of the 2bundant populstion sround their shores,
phytoplankton in their near surface waters, some of the orgenic
natter derived from decaying of plant snd animal orgenisms

beecome incorporated into laske sediments.

The organic matter incorporated in lake sediments accor-
ding to Eglinton (1969) meainly consists of carbohydrates,
lignin, glyceroides of fatty acids and waxes, and resins.
These, latter as a result of microbiel escitivity end rhysico-
chenical processes occuring in sediments are depraded and
fossilized to HEO and 002 but the most stable compounds are

preserved es complex derivetives such as humic substances

(mzinly allochotonous) snd bitumoids (authochotonous).

Terrestrial organisns mainly plents give rise to humic

substence. Aquetic organisns (phytoplankton end zooplankton)

give rise to bituonoids., The humic subustances may withstand

oxidizing enviroment while the bitumoids may be preserved
only in reducting environment. Hence the presence of humic
substances in sediments in general indicate an oxiding envi-

ronment, areas of mess input of allochotonous RRGORERL ;" Rl

or paleosol horizons. In reducing environment the autochoto-

nous material will be preserved as bitumoids (Warmer, 1970).
The quantity snd type of sllochotonous (hurics) and esuto-
of the jncorporeted orgenic matter in

chotonous (bitumoids)
of detritus

; . ASSWAYS
sediments charaterize the environnental pAsSSWAY

’ a izons.
intO arcas of Sedimentptlon and pPluﬂSOl hori 5

L
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The presence of organic matter in the sediments of Adami
Tulu was suspected from the observation of dark brown coatings
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,
Prcliminary field test convinced the existence of humic sub-
stences in these lacustrine deposits snd the snelysis conti-

nued in the laboratory.

Methods of Study

The procedure followed for the organic matter analysis

wes the well known methods described by Florovskaya V.N. (1975)

and Eglinton (1969).

After prelininary fieldtest showed the existence of

hunic substences, 33 samples suspected for their content of

orgeanic matter were selected for laboratory analysis, The

procedure followed for the analysis gives semi-quantitative

results and the schene 1s outlined in Fig. 17. TFor esach

sample 4gms of the 1/4un sieve fraction was trested by 5%

NaOE »nd was =2llowed for o4 hours. Extacts were used to pre-

je method.
ual to ipdividual and the

: r in the determi-
determined by colorimetr The erro

nation could be high frou individ
i ~quantitative.
results sre therefore only semi quantl



-86-
Bitumoids were also determined by tresting the seme
szmples with chloroform and benzine. The amount wes deter-
miped semi-quantitatively by weighing the filter peper extracts

and converting this to 100%.

Rock Sample

|

Cruéhing
!
i
- - v

Sieving (0.25mm)

*.
b

Extraction

é'/,’,_,.—f \
NaCH (5%) Chléroform and benzene

(humic substances) (bitumoids)

Chloroform .\\ﬁenzine

. v
(hyrocarbons ond the (resins and

1ike products) heavy
hydrocarbons)

Fig. 17 i scheme for the determination of orgenic matter
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Results Pnd Discussion

The result of the organic mettor Analysis of the 33

N

cmples is sumnarized in tebhle 14, In :any of the annlysed

anples presence of orgenic metter wes détected And nost of

n

ct:

he creenic metter belong to hunic substances, The snount
of buw:ic substances is in the renge of 0.0025% to slightly

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

The orgenic mrtter occurs in disversed forms snd rs
concelbtrated forms forning thin layers. Mest of the orgenics
erc present in the corrser grained sediments i.c. in gravels,
The aszhcs and fine greined sediments with few exceptions are
parcticelly poor., However, soue dintomites end silts contnin

recognisable amounts, The distonite sample (41.E) from the

Lower Sequence contains sbout 1.25% hunic substances., This

distomite is overlain by ash layer which in turn is overlsin
by the brown silt with high amount (2.5%) of orgenic matter.
The orgrnic metter in this diatomite sccumlated probably

after being filtered cdown through the ash lryer oferiying V.

Thin layers of orgenic netter occur in fow grevels rnd
in some silte of the Upper Seguence. In gilt semple 53B,

(vlote 7) in perticulsr, ss described in section 2.2.2.3,
three leyers of organic metter sre present. 4lthough the
individusl concentrations are high, the oversll Avertge con=
tent of organics in the sample is not very high #nd is abouv®
C.06%. mThis figure is for the hunic substances and bitunnids
“rc not detected. The presence of humice and absunce of

y T er in
o a g o s mcreenaded 399 thet the organic matt

h‘i ok T TV R S
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TABLElY: Results of Organic Matter Analysis

Sample

T uiotog - s stamienes Bmis
04-D  Sand 0.0025 0.00075 .3

42-A Sand <0,0025 No humics onlf
04-8 Diatomite No - -

04-E Diatomite No No 1001

58-B Diatomite <0.0125 0.00025 -

04-F Silt 0.0025 No humics only
41-8B SiI+t 2.5 No humics only
42-E Silt No 0,012 Blitumolds only
58-C SIIt <0.0025 0.012 ~1:5

42-0D Ash <0.0025 0.0075 113

58-Ao Tuff 0.090 0.012 Bltumolds only
05-D Gravel 0.0025 <0,0025 1:1

07-B Gravel 1 0.12 - -

0B8-A Shelly gravel 0.9 0.09 10:1

14-B; Gravel 0.12 0.025 48:1

I15-8, Gravel <0,0025 0.08 1:32
rs-a2 Gravel <0.0025 - ’ humics only
I6-1 Diatomaceous gravel 0.0025 - humics only
I7-Bz Gravel <0.0025 No humics only
19-8, Gravel 0.0035 " hamtos: ooty

0.0025 No humics only

53-A Gravel
~humics only

08=C Sand 0.0035 -
05-A Ash 0.035 0.035 )
18-A Ash <0.0025 - humics only
34:1
08-D Diatomite 0.12 0.0035 '
15-A Siit 0.0025 - humics on|y
ne - ies on
16-0 Diatomaceous silt <0.0025 :unics “'y
16=F Silt <0.0025 - umics only
i onl
l7‘.&03 Diatomaceous silt <0,0025 - humics y
0.06 No humics only

53-3l Diatomaceous silt
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this silts is of ~llochotonous origin supplied tc the leke
by » enall low srergy river during the deposition of the silts,
I7 so, Then the three leyers may indicrte three successive
neriods of orgenic mrtter innut of varisble tinme es evidenced

by the £7p between the layers,

Reged on their solubility in alkslies, acids and rlochol
(Stevenson and Butler, 1969) divided humic substances into
hunin (insoluble in none of the reagents), fulvic acids
(soluble in elkali and acids) and humetomelanic scid (soluble
in 21kz1i and 2lchhol). Tesitng the extrascts with HCL ~nd
alcohol (CEHEOA_hqve shown the presence of fulvic and

humatomelenic 2cids which indicates the heterogencous choara-

cter of humics relative to the initsl source material.

Although the everage anount of hurmic substances is little,

zones of relatively higher concentration were observed from

T irst onc is in the upper
the ~»nelysis in both sequences. mhe first onc 18 PP

part of the Upper Lacustrine gravels (samples 08i,08D #nd 14B)

°nd the other is in the brown silt at the bottom of the column

s b concentra-
of the Lower Sequence (sauple 41E) where the Iighor

tion of hu ics is detected (table 14).

: 1 nd
Ritumoids sre pressent compertively in smell BeiouRt: &

rarel hes 0.09%. They ere not detected in all lithologic
Aarely resache s . . |
e spotted in the very fine

N tl S a i’ 2 i a 2 t arT

) Lo : E nc % Pr...c:l. bl{f ﬂmoun S

E 1n‘-‘d s 5 1 a i E & d.r tx}-]itbﬂ.
3 i = B(’.if]t.'..ﬂ 3B S'IJ.Ch ns Slltm - nd i

'!1 thD’(Iﬂh tht.: dw-:. I:l'.'r in ‘thﬂS

om h . ,5liminf‘ry StUdY'l
From this p°e ~ope of qualitetive

o I¢ ts5 are
"Te not far from error and the resul

the followin# genernrli. ations could
L L

nature then quentitative,
be made,
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1. The orgenic 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 cherscter of the
orgenic. motter and indicates the existence of oxidizing con-

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

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

accunulation of the orgesnic matters.
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4. Discussion of Depositionsl Enviromments

Tr< mechenisns and €nergy of grain trensport and the
environment in which the sediments were formed were snnlysed
with the use of Moiola-Weiser (1968) and pessega (1957)
dizgrems and with the method of sedimentstion environment
intcrprotetion besed on the distribution of grain popula-

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

The texture of sedinents reflects the process of depo-
sition of the sediments. 'C', the naximun grein size and 'M!
the median ~re characteristics of depositional agent. The
C-11 patterns are penernlly sherply defined end vary consi-
dersbly with the type of depositionel ngent (Passege, 1957).

Lithologies of the Ademi Tulu sediments are dominsted
by volcanic material ¢ssentislly puriceous, The most im-
portant lithologies are grovels, sands, silts rnd dirtomites

“nd the ,gross cheracter of the deposits changes little within

squences, For this
individual lithologic groups for both sequences

44 irn i iven for
rerson discussion of depositional environnent 1is g

the lithologic groups in general.
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Grevels

The plot of median (Md@) agsinst cosrsest percentile (C)
(Fig 1€) sfter Passege (1957) shows that most gravels follow
a prttern sinilar to that shown by river sediments. Ailmost
all szmples are concentrerted in thet part of the pottern in
which the transport of these cosrser materials is by rolling
suspension. The mean and stendard devistion depandence
(Tiz. 19) of Moiole-Weisor (1968) of the enalysed samplos
also gives projection points which are mostly concentrated

in the section of river sediments except for samples 1531‘
178, 2nd 16-I which fell ih the beach section.

The fect that the mejority of the grevels are relatively
richer in *unic substonces derived from terrestrial vegetrtion
could »1so be additional evidence for their fluvial cheracter,
The grevels which mostly oceur #s interbeds within the disto-
nitss or dirtomaceous silts are, hovevar, interpreted to be

i ! rich in
nrobably of shallow wnter lecustrine as they are

shallow fresh water shells of gastropods and bivalves. The
accunulstion of these shells in mass in relrtively thin lryers of
Bravels sugeests thet there must have been mrss death, Btfaed
on the assunption that the pumice grevels have be:n suppliecd
to the 1rkc bv rivers after thevy heve been grupted from tl:w
concurrent volesni activity, e chanfe in the rhysico-chemiecal
belance of the lake weter could be infered. Sich 2 change
Could probably cause the sudden death and rapid consequent
deposition of these orgrnisns along with the grevels.
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The neterirls of the gravels like other lithotypes in
the region ared largely dominated by punicé. The poor
rounding of most of the pumice pebbles of these gravels
inspite of their soft and frishle nature, suggests that nmost
of the materirls have not been transported for longer dista-
nces. Some grevels (eg. 178, and 32)' however, heve highly
rounded pebbles of pumice ond basalt »nd the effect of re-
working ie seen in the pumice greins altering them to yellow.
Except for this the majority of the gravels have reletively
fresh pumice grains vhich implies thet the deposits heve not
suffered much reworking,

In summery, the mojority of the gravels sre interpreted
to be fluvial aslthough few of thom rre shallow lrcustrine

(becch) deposits.

Sands

————

The sands of the ssudy ares showed distinct pattern on a
C-M diagram of Pesaega (1957). The plot on Fig., 18 shows ¢
thet the majority of the sand samples followed 2 pattern
shown by most recent fluvial deposits. This pattern suggests
that the mechenism of trensport for most sands to be by sus-
pension, the psrt of the pattern representing the graded
suspension being longer than the pazt of the pattern repre-
senting sediments whose perticles noved in rolling suspension.
Coarser prrticles ump to 800 microns were able to be transpo-

rted in suspension by the depositing river., The rnelysis of

the shepes of curves with Visher's method (1969) brsed on the
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grain population of Fig. 14 indicated thet most of the

Curvss are more or less similsar to those of fluviel deposits.

The use of such diagrams leads to a conclusion that most
of the s=ande =re probebly fluvial and thot they sre possibly
deposited curing the periods in which the level of the lake
was lowered. Leke level fluctustions heve been reported in
the region (Iilson, 1940;Mohr, 1966 ; TNDP, 1973 ; Geze , 1975) .
During these periods deposition along the besches of the leke
could be probable. Certain send laryers are¢ observed to be
overlsin or underlein by dintomeceous sediments, 4is is ex-
pected such fine greined sediments are formed in quict water,
Obviously mein diatomite horizons are observed to be under-
1?inby fine grevel or gravelly sand ond in some places
(locelity 53) the denosition of dintomites is merked by the
deposition of. sends end grevelly silt interbeds ~fter which
then the increase in the lake level wes inferred by the
denosition of the distomites. The sands »nd gravels that
overly snd underly these finc greined sediments could there-
fore be formed in the shellower (hesch) pert of the leke ¢ .
during such fluctustions, This could be a2 possible explane-
tion for some sands to plot within the extended ficld of
beadh sedinments after Prssega (Fig. 18). This same view

was suggcested also for some gravels earlier.
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Silts and Diztomites

The silte ond distorites sre thought to heve settled
fron suspensions in the lake. The scdinments contein abundant
end well preserved plenktonic fossil distoms. These fine =
greined sediments sre interpreted to be lacustrine becnuse
of the absence of current produced structurcs end the pre-

sence of laminsations.

The dintomites in reneresl display two types of structure-
messive bedding ~nd leminetion., Those vith messive bedding
nsy be int=rpreted to hsve resnlted from extremely slow
sedimentation and those with lrminntions might heve bedn
formed by rapid sadimentetior or fluctustions of the suvply
of suspended sediment (Collinson and Thonpson, 1982).

In the plot of 'C' arainst 'M' (Fig. 20), these sedi-
ments fell in the field of quict water deposits which is a
char=acter of lrkes and 1lrgnns. The significent festurc of
these sediments in this dizgram is thrt the silts of the
Lower Suquence and the dintomites of the Upper Scquence ere

aerer to the limiting line C=M. As this sres is the ares

of better sorting (Passega 1957), comprretively the diatonites
of the Upper Sequence and silts of the Lower Seauene are
modcrately sorted then dintomites of Lower and silts of
Upper Scguence respectively.

The frequent occurrence of the distonites immedintely
on the gravels recuires some explatabiay Deposition of
diatonites requires quict weter hesin free of current =octi-

vity and most of the gravels ere thought to be fluvial,
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There could be two possibilities for the diatonites to be

deposited direetly on these gravels

1) TEither the besin wes continuously subsiding or

2) Thers was en incrusse in the level of the leke.
Froo the linited dnta inference of subsidence of the besin
would be unlikely, Hewever, incresse of the lake level
appears to offer the best explenstion. It wes established
carlier thet » lorge emount of woter was supplied to the
ancient lake in ths region during the pluvinl period in
Lete CQuaternery and thet the lrst lnscustrine period corre-
late well with the last pluvisl period in West Africa

(Butzer <ts1l, 1972).

Corditions favoroble to the growth of distoms rre illu-
mination, =n abundant suvply of nutriunt solutes, and silica
for skeifetsl structure. Cnndurniﬁ gilicn, Congzr (1042)
steted that there is nlnont invericbly o direct reletion
betwesn its sbundance rnd the anmount of distom productivity.
The silica was probably derived to the ancient 1lnke from

veleanic centers thet are found in the region,

Messurements of pH by Kroth ond Sisay (1981) for the
distorites meinly in the Upper Sequence, are on the sverage
8.8 indicating s slightly alkeline noture of the lrke waters
during the deposition of diatoms. IAccordipg to Conger
(1942), diastoms appear definitely favored in general by an
»pproximately ncutral or slightly alkeline pH, o#nd strong
acidity supresscs the dietom flora. Ho o1so strted that

diatom growth is fevored by relatively low tempcrotures be-

cruse inihbited bacterial retivity reduces the ncidity
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resultiog from decomrosition processes and hecruse lover
tenpretures are generally recormised as ontimsl to dietom

mat-bolisn,

Inference therefore may be mede on the temperature and
pH of thc weter of the ancient lake, It sppesrs thnt the
diatoaite of the srer arigineted by the settling of the «
siliccous frustules in n lake hoving e relatively lower

terparaturc snd glirhty ollemline pH.

The¢ ash intercerlletions which often cruscs the impurity
of the distoiites imply concurrent valesnicr actiecity along

with the denositions of the distaonites.

Ohsarvetion of veristion in tho thickness of the dia-
tormites snd diatomaceous scudiments gives clue in the nature
of thc basin of deposition, As described esrlier in the
lithologicrl scction thickness of these sediments incrense
on the opposite sides &f the vplifted blocks and volernic
hills. The thickness:s were seen to increase to the west
and southvest, They nlso increcse in thickness north-east
wards sway fron the foot of the northesstern end of /lutu
towerds the Zway leke. This observation indie-tes thet the
dirtomsceous scdimonts perticulerly of the Upper Sequence

probsbly deposited in £ basin vhich was widening to the cast
and southwest.

Volcanisn at Alutu was probably contrined within the

Pleistocene and Holocene. Errly eruptions were thoughbt to

heve been sublacustrine, snd lave injection probably domed
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“the sgdiments locelly (UNDP,1973). The deposition of the
diatomitesof the Lower Scquence perhsps 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-
cates that the diatomite was deposited in 4400 years between
9360+ 210 BP and 4960 + 140 BP. (Geze, 1975). Around 10,000
to 44,000 yrs. BP. the four, Galla lakes (Zway, Langano,
Lbiyata and Shala) were still or were again united as » single
lake standing at a height of about 35 to 45 mts above the
present level of Lake Zway (Laury and Albrilton, 1975).. This
was the period at which deposition of the distomites of the
Upper Sequence began to take place. This supports the pre-
vious stetement regarding the nature of the basin. Since
the level of the lake was only few mts above the present 7 :
level of Lake Zway (163%6mt) =nd the height of the Aluto Volecano
(3%6 nt a2bove the sourrounding plain) being considerably
high, the supposition of the east »nd southwsst decpening of

the lake away from this volcano is likely.
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Provenence

The lithology of Adanmi Tulu sedinents is largely or
exclusively domineted by pliniccous ecdimewds. Mo doni-
nance of these pumiceowe sediments indicetes that there
was intense rhyolitic volcenism during the late period of
scdiment=tion (UNDP, 1973), The eruption of daselts from
Jorth - north-~easd faults east of Llebe is reparted My the same

euthors.

Dipaula (1970) reported tho existence of rhyolitic
dome 2 Kn west of /dami Tulu and phresatic explosion anatars
north sast of Lake Zway, Gibson ond Dakin (1971) described
the 2Tutu voleanie center Lo Ye pantellewtiic, lecording
to them, the geology of Alutu is donmineted by e group of
porphyritic pltchstone flows and domes., Pumice and volumi-
nous ash flow tuffs pearticulerly occupy the ares south of
Lzke Langeno, The activity of Alutu voleano is believed to
have began in the Pleistocenc »nd continued in the Holocene

(Dakin, 1971;UNDP,1973),

Field and microscopic observation of the comnosition
of these sediments ahve shown the sediments of the area to
contain largely of purice, and lithic fragments of obsidisn,
rhyolite and basalt. The less degrec of rounding or the
angularity and freshness of the soft pumice grains in the
sands and gravels indicnrte trrnsportation for short distance.
The leptekurtic and positively skewed nrture of the sands o
may also indicete the nearness of the source, The proximity

of the area to the volcsnic centzsrs, freshness of the soft
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putiice grains, the donminance of glassy materials in both o

coerse and fine grained sediments snd the lithol-gic and age
rclationship of the Ademi Tulurscdinents with the available
dnrta suggest that the source of the sediments to be from a
voleanic province to the south gast of the ares from . luto

and i%s contridutary wvoleasnoes,



Sunmary and Conclusion

The idami Tulu sediments which renge in ~ge from the
Pleistocene to Holocene consists of gravels, sands, silts,
diatomites and intercellation of ash and tuffs, The deposits
in gensral #re unconsolidated and poorly sorted with wide -
variations of textural perameters., Scdiment size renges from
finc silt to coarse gravel with occasional grrdetion. Conrse
greined sediments show horizontal bedding, messive bedding,
crosshedding and load crsting. The fine grained sediments

are either nassive, thinly bedded or laninated.

The volumetrically inportant constituernts of the depo-
sits are pumice, gless shards, voclceanic rock fragments,
feldspers and quertz,., Generslly they src¢ characterized by
high pumice to totesl volcanic lithic fragments retios. The
important heavy minerals ere pyroxene, hornblende, megnetite
and biotite. The major pebble end grenule lithologies of
the gravels ere punice, obsidirn and basalt. These compo-

sitional festures indicate derivetion of these sediments
from a volcanic source.

The sediments contain orgeinc matter in concentrated

and dispersed form. The relstively higher concentrastion of

organic metter ot the bottom of the Lower snd top of the

Upper Sequence nay be indicative of two periods of incressed

supply of orgenic matter.
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The sediments are icdentified to be fluvio--lncustrine.
The majority of the grevels and sands rre interpreted es
fluvisl deposits. The graovels rich in shells of magtropods
and bivalves end essociated sands are identified to be
shallow weater beach sediments. The lacustrine deposits are
recognised as dimstomites and silts, Interstratified ash

and tuff ore either flow or fall deposits.
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