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ABSTRACY

The Nazret-Darva area forms a segment of the northern
part of the Main Ethiopian Rift. The region is character-
ized by a complicated morphology which is a resgult of

geveral episodes of volcenism and tectounism.

The volcanie rock units outervopping in the area are
principally bimodal in nature and it is possible to sub-
divide them into 6 groups gccording to their spatial
distribution. The groups include; the stratoid Eastern
Margin and Dera-Nazrct group mainly formed by a series
of flood basalts interlayered with ignimbrites and

Rhyolites; Keleta group, representing the oldest rift

floor product and counstituted by Ash flows and Ignimbrities;

Boku and Gedemsa group, which are results of central type

volcanle activity evidenced by preserved caldera of Gedemsa

and destructed caldera of Boku, giving rise to Pantellerites,

Rhyolites and pumice fall deposits and Melkasa group which

1s constituted by basaltic spatter cones and associlated

'AA' type lava flow. The age of the rocks vary from 1.7 my

to 0.06 my.

The large volume of acidic product as compared to the

basaltic one and the lack of transitional rock units suggest

that there is a partial melting of the lower crust probably

induced by intrusion of large bodies of basaltic magma,

+




From Tectonle point of view, the area is characterizead
by right stepping, "2n echelon’ half grabens,; grvahbens and
faults which affeet even the youngest rock outcropping in
the region. The geometry of thése gstructurea fi.¢. an over-
stepping towards the right suggest a left lateral motion
along this part of the rift., The theory is substantiated
by meso-scale structural data which has been collected
from, small faults with slickliines, extensional fractures
and joints which show that the area is undergoing an east-
northeast, west-southwest extension. Thus strike-slip
system and oblique extension is the major mode of deform-
ation for this part of the Rift System and possibly may

extend across the whole length of the Main Ethiopian Rift.
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I. INTRODUCTION

The %ast Afriecan Rift System (Fig. 1) forms part of a
complex feetonic feature, represented by a system of down-
faulted troughs extending from Mozambigue, in the south,;
northward through Fast Africa, the Horn of Africa, Red Seca
and inte Israel, Jordan and Syria (¥Mc Connell, 1980). This
remarkable feature of the Earth's crust is thus observed
to extend for about 5000 km in a generally north—aouthr

direction.

The Zthiopian Rift system, which is a segment of the
East African Rift system, is a structure of great interest
to understand the early stages of ocean-basin evolution.
The unique association of abundant volcaniec products and
variable structures provide an ideal exercise for volcano-
logists, structural geolopgists and geophysists. In spilte
of the large interest regarding the various aspects of rift
development, detailed geological mapping in the Ethiopian
Rift system are very rare. The study of the tectonics has
mosgtly been based on aerial photograph and sztellite image
intergfetation? while detalled atructural analyses are

completely lacking.

The principal aim of this work is to study an area
where volcanic‘and tectonic features are‘Well axposed and
to understand the process which has led to the occurrence

of the volcenotectonic fecatures.




Tho main objeciives of this thesis arc:-

1. to rvecognize and describe the generval geometry of

the fault pattern and the related kinematics;

2. to arrive at a ncotectonlc stress field geometyy

responsible for the faulting process;

3. to relate the observed tectonic pattern wlth the

volcanological process affecting the area.

Among several sultable locations for such kind of study
one of them 13 the Nazret region. Thig area id located in
the northern part of the Main Ethlopian Rift which is a
noivtheast elongated depression dividing Ethiopla into two

main physiographic regions (Fig. 2).

The northwestern part, named the Ethiopian platean
takes up almost half of the country. Although it contains
peripheral lowlands near the Sudan boarder, most of its
regions have an altitude higher than 2500 m. It also
contains a poorly defined, at places simply embayed western
margin to the rift system and a well defined, north-south
oriented border to the Afar, a tectonically complex triangular
depression marking a site of triple junction (Ethiopian,
Red Sea, Gulf of fden rifts) including one of the lowest
areas in the Wovld (Pallol -125 m b.s.l.). The southecastern
regicn, named Somalian plateau,; is constituted by a north-

east enlongated highland along its margin with the ¢vift,




having an avarene altitude of 2000 wm and an extensive £lat
region tnet gently slopes towards southeast o the Indian
Ocean. It alsoc fecrms & woll marked eastern margin toe the
Moln KEthiopian Rift and turning e=st-west marks thes southern

border of the Afavr.

The study area in particular extends from the town of
Mojo, in the west, to the town of Sire in thg eagt. In the
south it starte in the vininity of Wonji Sugar Flantation
continuing north upto ﬁekera River (Fig. 3) covering an

area of approximately 300 sq.km.

The rift szgment at the latitude of the study area

has a poorly definéd weetern margin that gently slopes from
an elevation ofl?QOO ﬁﬁto an elevation of 1500 m at Hazret
and a Qell markedﬁstepped @asferh margin rising to 2300 m
altitude. The depression takes up almost 90% of the area
under investigation and is characterized by flat plains,
arcuate ridges, larpo aand small volcanic centers and linear
north-northeast oriented escarpments. Two large riveras,

Awash fleowing due east and Keleta due north cross the area.

As many parts of the rift system, the Nazrct region
has a rather hot, average annual temperature of 28 C, and
dry average annual rainfall 400 mm/yr climate (Mesfin,
1970). Eventhough most of the area is covered by

pyroclastic deposit, large patches of arable black soil




are presenit tnat sve Ffarmsd uslng irvigation techuiques
by water obisliaed frvom the Awash viver. The Wonji Sugav
Piantatioa and Melka Wooba are sxamples of such larvrge favms
based on irrigation. The natural vepetation, when present

1s dominated by Acacia trees, thorny hushes and grassltand.

A total of twe mounths of field work was carvried out
to complete the work. In general the area is well accessible.
Two major roads: Addis Ababa - Awagh and Nazret - Asela
together with gecondary Melkasa -~ Sodore end numerous dirt

roads are available for vehicles.

Mapping was done using 1:50,000 scale topographic maps
and aerial photographs as bsnsec maps. Detaliled stratigraphic
sections were desgscribed at specific localities to undevstand
the temporai evolution of the differont magmatic units.
Along these szctions several represantaitive samples from
different Jlitheological units were collected for petrographic
atudy - Similarly, numerous structural data including meso-
gcale measurements of slicklines on the major and minoyr
fault planes, joints and extensional fractures were collected.
The analysaes of sucihh data enabled to determine the geometry
of the nstress fisld responsible for the faulting process

affecting the area.

4




2 A ST R DA AL E e oy T PR R o A A e T P E S P

il ’:’,'-Shg.\%

v nivE R

-~ ~ aef S‘.%.-as &. BEA

ALY

.

16,

/

EASTAFRICAN RI=T

e

& TREIEHE

N B € EaA N R $ 7R Do LR 59 b KA e e

+ 2y

Fave

e A5t B & e,
R 8 A A G B R e v iy e

SYSTEM



¥ig. 2 Phistographic division of Ethlopla showiug

i, Ethfaplao phateny

2. Bouwmiian pindcow;

3 A

- wialn Ethiopien R

5. South Western rift zene,

Redt wn from relicf map of Btntoy's,

6

5




o A ":d!at Al RNIT Saest AL 1A A bz
e I A L L vy ﬁ-"vm\.r-ﬁ-l\lr\r i p v dnr T ¢ FXe A bim ER «‘

= e
A A hr‘.x A S

o FIG.3 LOCATION MAP 1N~
R, OF STUDY AREA

- .,., RN
NS | ,f‘ /

AndAl  TOMM
nail Aekn
SULEHAARY Bois
niitwdy

N

 opieed
| caroeed  &in
um.cé.uonuami
[L coLndpa
» : .
4 a.‘;.&,/ '- o ““\
S N e ]
/ |t
/
r
/
/ woudi \RELE A8
Suadt \ ;"" T .
/ BLALuTATION .')

CGEetALh

A N

Y
L Vi .Siu.\a
e - ﬁjtﬁ f
..Mm.u-.‘.w.\.\m TR gois i el T A




IT. GEOLOGICAYL REVIEW

Tn Btniopia the vift system runs in a3 nerth-noriheast
dirccection and cwtends into the Red Sca~-Afar-Gulf of Aden
System. Tt ig poszible to divide it into: the southweastorn

Rift Zone, the Main Ethiopian Rift and the Afar.

The esouthwestern Rift Zone is a broad structurally
disturbed avrca containing four rift valleys which are, the
northwesterly trending Kibish rift, the north south striking
Omo, Usno and Chew Bahir (Stephanie) rifts. The area with
its biomodal volcanism is believed to be a regzion where
the oldest Teritary volcenics in East Africa (Eocene) occur

(Wole Gabriel, 1937).

The Main Ethlopian Rift (MER) represent a structural
depression with an avevage width of 8C km. It starté in
the north from 2n avhitary Yever-Gugu cross-rift lineament
and extends in the south where it bifurcate into Gawmjull

and Galana graben.

The MER szubdivides Ethiopia Iinto a northwestern
Ethiopian plateau and socuthcastern Somalian plateau. These
platecaus are composed of extremely folded and foliated
basement of Precambrian age overlain by sub-horizontal
Mesozoic tranagressive snd regressive sedimentary strata
separated by 2 marked Palecozoic unconformity, and covered

by Tertiary voleanics. The whole sceries has becen uplifted




sinece Feoeene ac part of the Afro-arabian swall sacross whiceh
large scale fauvlbing has later taken place to form the

eastern and wostern margine of the wift.

The castern margin is morphologicaliy well expreseed
as compared to the westewrn one, which at places ls so sub-.
dued that the boundary between the vift floor and the

plateau is hard to define.

'he floor of the MER is marked by a wersistent belt
of intense fresb faulting which has been tevmed as the Wonji
Fault Belt (WFBE) (Mohr, 1960). The faults are short, normal
type and are orxiented in nortﬁ - northeaast, south - south-

west direction.

From magmatic point of view the arca is gharactcrized
by the occurrences of many volcanotectonié”features like
calderasg, composite volcanoes,; spatter cones and fissures
which gave rise to huge volumes of iznimbrites and sub-
ordinate basazltic lava flows ranging in age from 5 to
0.06 my (Movbidelli et al., 1975; Morton et al., 1679,

Bigazzi et a2l1., 1981).

In general the MER registers large geophysical anomalices.
Heat flowv date values range from 75 mwm?in the southern
part to 100-150 mwfi”in the central and northern scctors
(Lyaak, 1987). The gravity values are strongly negative

(200 to -260 m Gals) with a grvavity low of -260 m Gals




located along thoe eastern border fault onr the Somz2li block:
the main gradizat teing movs: or ltegs colneidenit with the
eastern cscarpacnt (Fig. 4) (Makris and Ginzburg, 1987).
Despite these ancmalies gravimetric and seismic vefraction
data guggest that the continental crusgt of the MER has a
thickness ranging From 30 km in the northern most scctor

to 40 km in ithe southern one {(Makrie and Ginzburg 1987).

The Afar is a roughly triangulexr shaped depresaion
of about 110,000 egq km, where threc important tectonlc
structures mect, namely Red 8ea, Gulf of Aden and East
African x»ifts, to formﬁg triple junction. The major phases
in the development of Afar region 1s summarized by Barberi
et al, (1875b) as an initial Oligocenc (25 m y) subsidence
and formation of continental rifts and a final period of
4 m y tc present where oceanic crust was generated. On
the other hand HMakris and Ginzburg (1987) argue that in
spite of the fact that exteusive bagic volcanism is dominant
in the Afar region, it presents = stretched.continental
crust, except in the region of Tadjura where a wedge of
oceanic crust propagating from the Gulf of Aden has been
emplacad. They explaian that the crust has been thinned
by tensional strxesses caused by an updoming of high temper-
ature low density upper mantle material and has a thickncss
between a true oceanic crust and a continental one

(20 - 14 tm).
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Seveuval works concerniayz tae voleenlesm and t2ctonico
have beaen pubiishoed which basy dirvect zelevance o the study
area. HMohw (1260, 1962a, 1957) was the first to give =
comprehenagive cummary ¢f the vifi sysitem. In general he
considevrs the nift te be divided into seciors which are
dextrally offset along cvoss-rift lineaments. He also
succegsfully i&entified and described what he calls the
Wonjl Fault Belt, which are a north - northeast oriented
foult syetems vunning ascrosa the ﬁhole length of the MER
upto the Red Sea associated with extensive bimodal

volcanism.

Later, Gibaon (1969) described the outline of the WFB
ag having a northeast trend at a near junction with the
castern margin and then curving gently back towards a north-north
east trend nesar the western margin, These sigmoidal faults,
he noted, are 100 km long, and are best developed on the
Gédemsa and Boagseti segments of the WFB. The theory was
further developaed in Gibson and Tazief (1970) in which the
tectonics of the WFB was described as tensional faulting
aleong & north - northeast trend. The faulting clearly
varies in age and 1&g in general younger along the medial
line of the vift valley, becoming progressively older as
one approaches the rift marginas. One of the most striking

feature of the WFB, they noted, is that it is not a continu-
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Fact i

oua Line of feuliing but in , Lt 18 a wholec seriea cof
Fractuve awarms ecranged in op schelon® fasnien., The Yen
echeloae” awrangemznt of the swarms cmpheasize that the most
important dirvection of faulting is aot parallesl to the n1ft
margin but run obliguely at an angle of 20 . Furthermore
the crose-rift lineaments of Mohr (1960, 1967a, 1967h) are
not substantiated in the field and the manner of dying out
of the fault belt sugpaest otherwise. Finally they concluded
By stating that the MER is a zone.of a left lateral sheay

az a whole and the WFB do not continue upto Red Sea but

dbruptly terminstes at Tendaho graben.

In zubsequent publications, dMohr (1981) declines in
accepting the siustral theory by giving two rcasons: the
first he arguesy, is that the sigmeoidel pattern 1s not
dcveléped across the whole length of the Ethiopilian rift
and second plete fectonic analyses (Le pichon and Fracheteau,
1978) suggest & dextval component of shear along the
Ethiopian r%ftc In glving justification for the obsecrved
featuree he stateg that the sigmoidal pattern could possibly
result from modification of the regional extensional stress
field on approaching an obliquely trendinpg boundary againsat
thickaer litanosphere. The dextral shear, he stated, 1ls very
minor and can as well ba considered as result of local

accident of crugtal strengtih and thicknaess. Therefore, he

12
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concluded, whn wilt in geucrel can be viewed Za terms oF

pure extenegion.

Tiie velcanctectonic asnect of the northern pact of
the MER basg bozn topie of argument for several earth
scientista. Di Peols (1972) mapped the srea and stated
that it is affected by a set of north - northeast, south.
southwest oriented normal fauvlts in "en echelon®
arrangement which correspond to the WFB. Another similar

set was identifiad by the author in the SiltimButajira arca.

The zuccessive periods of volcanic activity, according
to Di Paole (1872), include fissure eruptlons with
emplacement of explusive, dominantly ignimbritic products
followed by volcanotectonic collapses. The youngest volcanic
cyele include the building up of silicic central voleanoes
on the ignimbwites followed by basaltic fissure eruptions
and edificetion of recent mostly pantelleritie centers with
aggoclated "sub-historical” bagaltic fissure evuptions.
The composgite stratigraphaic column of the author is

summarizaed In tablie 1.

Meyer et al. (1975) 1ia the northern part of the rift
system dietinguish two main volcanotectonie units. Au older
Nazret series with sge of 5-2 my and a younger Wonji series

with Pleistocene = Holocene age. The two units are divided




by a Nzzr2t “sulting phase whizh eae into activity 1.6

Tae Hawnvret Zorins fouwm a stratoid Lvechyiang . riyolites.

ignimbrites and pumica in the vegion «f Hazret. the

—

succession, according to the authore, consist of idight
rhyolites and ignimhriteén. Light pumice on top of Nazret
series has in some places greater thickness than‘normal
because it accumulated in previouely formed basins and
grabens. Beds of tuff and yellow loem alternate in the
pumice beccias. Eruptions of this phase is considered io
be mainly through figsures and vents, but local centers

also occur.

The younger Wenji series, the authors considar, is
built up mainly from large basaltic flows resulting from
complex fissgures. Teechytes, rhyolites, ignimbrites, pumice
and tuffacsous matexrial are also found. The volcaniecs of
this serics is obeserved to strongly follow north - northe
east, south =‘seuthwest running faults or are erupted

from fissurces and vonts in this direcetion.

From tectonic point of view the two phases are

summarized ag:-

1) It the first phase during the deposition of stratoid
Hazret series with an age of § - 2 my a temnsional

stirrees caused the tectonic pattern within the MER,

14
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Tesfuras fisgures and dykes vuaning worth-

Cachk oo gouinwest aad nertl ~ northeast - south -
coutnwian. The tectonie activity came te 2n end

with vhe Rezvet faultling phase. The pattern
during the Hazret phase can be refoerred to as a
teational tectonics perpendicular to the

direction of the MER.

2) 1In the sccond and main psrt of the Nazret faulting
rhase a fuadamental and completely different
evolution begen with the Wonji Fault Belt. Groups
of fractures, open fissures and dykes show a novth-
northeast, south - southwest and morth - south
dircction. The north - northeast direction of
tﬁe UFD is obligue to the direction of the MER

and makes an angle of 10 - 25.

Stefe M.B. and KRazmin V. (1978) presented a geological
map of Nazret sheot. Later Kazmin et al (1980) summerized
the development of the Ethiopian Rift System especially

the northern part a2s follows.

1) The vift developed in stages of which the main
eventsz occur at 15 to 14, 10, 4 to 4.5 and 1.6 to

1.8 my;

2) at least the northern part of the Ethiopian Rift

was formed simultancously with the Afar (15 to 14 my) s




n

3) fw the az.thern part of the Ltbhiopian Pift and afar
initiel dowanverdiag (14 my) wra Followaed Sy intensive

faulting and subsideunce (10 =2nd 4.5 my);

£) the slow rat2 of attenvatiocn in the Zthiosisn Rift

avourable condition for the partial melt-

=

providaes
ing of the crust and the effusion of large volume

of gilicie volecanic rocks.

Absclute agoe determinations of some of the rock unita
outcropping in the vicinity of the study area (Table 2)
are reported by Movton et al (1979) and Bigazzi et al (1981).
According to dHorton et al (1979) there is an overall southe
eastern dip of veolcanic units at fthe latitude of addisg
Ababa whewe discounceted older volcanic vocks outcrop and
this gentle downwawrping is not associated with faulting

(major excawvpment) lcaving a gap ia the line of western
margin. Absclute age determination of volcanic rock units
from difforent localities at this latitude show riftward

younging trend. The age of the rocks in the vicinity of

the study area range from Pliocene to Holocene.

A summary of the youngest phase of volcanotectonic
development within the study area is given by Bigazz{ et al
(1¢80). He stated that the collapse of Gedemsa caldera
its younger than 0.2 my 2and the post caldera perlites and

pumice inside Gedemsa were evupted between 0.2 and 0.] my.

16




The ages, hoe pvaesumed, of the great number of faults which
atiect thewn nroducis ave youngoer th-ea 0.1 wmy and the

aphyric Hawiitos and mildly alvali-basaltie Fflows and spatter

cones wave age of 0.06 my. Abcolute age datermination of
some of the rock units within the ctudy avea, according

to the authov, is reported in Table 3.

The fact that volcanic and tectoniec episodes occur
1o a sequential owxder of a specific length of time have

been noted by several geologists.

According to Mohr (1286);

18 - 21 my Broad cructal downwarping and fissure
basalt in novrthern part of the rift,

ioeal rifting developed in the south.

15 - 13.5 my Warping and initial faultinz of northewrn

rift mergine.
10 - 7 my ¥Faulting end fissure basalt extrusion.

5 « 3.5 my Faulting and massive silicie eruptions

especially In the north.
1.8 = 1.5 my Margin and floor faulting.
1.0 = 0.9 my #astevn margin faulting and plateau uplift,
0.25 - & Wonji fault belt.
dccerding to Woldegabriel (1987) from magmatologlcat
point of wviaw:e
32 - 26 my Thick (500 m) ﬁidespread basalt-

- — 17




17 < 12 my Intermadiate to feluic rocks.

11 - & ay Bimodal and confined close to the pragsaat

day »ift and its margins.

&.Z - 3 my Widespread crystal vich ignimbrite.

3 - 1.6 my Trachytic shield volcances and ranges

coniined to the rift shoulders.

1.5 my Bimodal volcanism has become virtualiy

»1ft bound.

In addition he statos that each volcanic episode was
accompanied by faulting and downwarping. Fluvial sediments
of the fiyst and second episodes imply embryonie downwarp«

ing preceded cifting.

The compiaxity of the results ¢f crustal extension
occurring in the MER ie discussed by Mohr (1987). He
describes the following patterns of rifting; avcuate faulis
convex in plan towards thz downthrown part, lines of
obliquely tilted Faulted blocks, lip horsts, horizontally
stratified rhomb horsis, athwart tilted strata, faults whose
polarity switches in conjunction with development of small
horste, intarcceting faults and vYe-entrant and scmi-civcular

faultsg.

Part of the gtudy area has been mavped by the author.
He named the deapression of the Nesret town the Adama graben

and described it as a novrth - northeast, 5 km wide and 30 &km

18




long grabon stveecture which abuts wost a
intensely sliead rouriizastown flank o5f -~ late Miocenao =
early Pliocene voleanic maeeif and {in the z2ast hounded by

A narvrow, Dalexho. novst.

The general astratigraphy of this area is summarized asg:
1) strongly welded tuff base not exposes (55 m) 3.7 my;

2} massive pumicious sediments with occasional well

bedded subunits; v

3) Weakly welded tuff thickening and more

Lo}
=
-
@
e
o]
st

rich castwarde (2 - 4 m) (0.51 my).

This ouccessicn, he further stated that, is complicated
by interbedded feldspar phyris basalt commencing near the
termination of unit 2, continved sfter deposition of unit 3,

and yielded = waximum thickness exceeding 50 m.

Finaily the %tectonles of the vift system is analyzed
by Bocaletti et a3i. (in press) and states that strike-oglip
tectonics has played a mejor role iu the development of
the rift and oblique extension along major northeast-savth-
weet trending sitvike-slip faults is responcible fer the
upwelling and differentiation of most of the acidie
voleanic products known ©o occur, whereas basaltric lava
flows and aesoclated volcanotectonic features are decived
from a develowment of north-saouth trending extensional

features.
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hecowdins £o the authors no-th of Asasla. close to the
study avesz, the belt runs toward Afeor through seglonal
splayse which give wiez o several morth-northuesst soutrh -
southwzei trendiag grabens awvrangad in Yen ezhelon mannsry,
most impowtant belang MNazret and Melks Jilo depressicn and
the Awaeh half graben. The geometry of thesc structurass
(an overstepping towards the vight) suggest a left lateral
moiion along a northeest-southwest blind fault., Meso-Scalio
atructurel data collectiad alcng the northern branch of the
MER between Melka Jiio and Nezret show that both'mincr and
major extensional filssurcs are oriented roughly northscuth
wvherecas minor fault pianes trending northeast-southwest
and northwoeot-southoast are left and right oblique normal
faults regpectively and suggest a coughly east-west exten.
sion. The authors conclude that strike-slip system play
a major role in the developmant and evolutiog of tne post
ignimbritlic tectonte nigsteowry of the MER while it is a
possibility that this mode of deformation might have also

been important for the eariier tectonic phases.
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Table 1

Recent to PFleistocene

Holocens

Racent to Plioccene

Recent to Plelstocene

Recent to Pleistocene

Rarly Pleilstocene to

Late Pliocens

Pliocene

Pliocone to

early Baoceune

Stratigraphy

Hlluvium, lacustrine deposit

recent alkaline and peralkaline

rhyolites pumice, ashes and

obsidian lava flow.

alkali trachytes lava flows

and domes.

recent basaltic lavs {lows

and spatter comnes.
bagaltic hyalcclastitaes

old aikaline and peralkaline

rhyolites lava flows and domes

associated with pumice and ashes.

alkaline 2nd peralkaline
1gnimbrite sgsociated to pumice,

ashes znd lahars.

tertiary basalts and ignimbrites

of the plateau trapp series.

Summary of age and stratigraphy of volcanic producte

Di Paola (19272).

outcroppiayg in the northern part of the Main Ethiopian Rift
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Table Z

fge Location
3.32 - 0.00 wy Gara Mariam Teadi
3.11 - 0.06 my Gara Mariam Tedi
1.71 - 4. 04 my 3 km southméaat of Tedi
0.51 - 0.03 wmy Kimbibit Hovst 4 km west of Adama
0.61 - G.03 my Scarp 2 km west of Adame
0.85 - 0.07 my : Borthern rion Gadamsa caldera

1

0.41 - 0.04 my Nagow cona, Gadamsa caldeve
0.61 - 0.04 my Northeastern flanks Gara RBoku
.44 .- 0,05 my 2 km south-west of Bofa

Absolute age determination of volcanic rocks outcropping
within the awvca under investigation after MORYTON et al (1979)

unless sitated othevwisc absolute age determination are Kfar.




Tablc 3

Sample No.

Rv

Rv

Rv

Rv

Rv

Rv

Rv

1A
22
46
108
359%

359%

365

Rock Type

pantellerite
panteliecvite
pantellerite
penntaelleritie

pantellerite

pantellerite

pantellerite

Location

eagtern margin
eastern margin
eastern margin
eaptern margiln
precaldera lava
flow on the SE rim
of Gadamsa caldera
3}

precaldera lava
flow on the NE rim

of Gadamsa caldexra

Age

1.77+0.44
1.80+0.0¢9
1.49:0.07

1.41+0.07

0.082+0.021

0.267+0.040

0.212+0.032

Absolute age detarmination of volcanic rocks outcropping

wvithin the

(1981).

*

arza under investigation after Bigazzl et al.

Age determination data are from fission tracks.




IIT. STRATIGRAPHIC SECTIONS

- pe A SEAIAih c b e ——— e

In ovder to norrelate gad arvive at a composite stratigra.-
phic sequence =¥ the volcanie praducts agteropping in the
study area (Plate 2) twelve stratigraphic scctions are chosen.
These sections ave axposed along river cuts and excarpments.
Along each of the sections the thickness of the different unifts
were measured and samples from the main lithological units were
collected. When prescnt, absolute age determination of somsz

of the rock units is included.

Section 1 (S5IRE)

The seetinn is located along the boundary fault of the
eastern margin neer the town of Sirec. The escarpment eRApOSa
a base of 15 m thick, dark grey, porphyritic, highliy fractured
basalt followad by 25 m thick acldic lava fiow containing levels
of obsidian and counsiderable amount of scoria‘fragmentc A
10 m thick whitish ignimbrite unit, containing numerous pumice
clast, rest ou the acidic lava flow unit with a 1.5 m thick,
brown, crustaed paleocsol separation. AL the top 12 m thick,

dark aphyrie basaltic lava flow occur.

Samples for petrographic study were collected from: the
lower basaltic unit (E6), acidic lava flow (E-5), ignimbrite

(E4) and uppe= hasaltic unit (E-0).




E-6  Hawiitic Lava ¥low

UDuder microgcone the vock exhivit poxphyritie fTewxtuve
with phencervet ¢f plagloclase (fin 60-04%), olivine and wvery
few clinopyrouane set in o filine groundmass. Olivine is quitc
abundant aa phens and wicrophenocryst. The clinophvoxene Ja
found mainly ia the groundmass which is composed of olivine,
plagioclaose and abundant opagues mostly of magnetite. In

general phenocryst enrichment of plagloclase observed in thias

section sugpgest evolution of the magma.

E-5 Rhyolite

The thin section of this vock show a porphyritic texture
with phenocryst of plagioclase (An 15-20%) set in a felsic
to glagssy groundmass which is made up of scavce neediecas of

plagioclane an?l abundant opaques. Flow structures are also

E-4 Ignimbrite

The igniwmbvite show eutaxitic testure with abundant
crystals of plagioclase, zlkali feldspar and auartz. The
métrix ie compesed of glass shaerds interbeded with bands of
recrystallized glass that could originally be collapsed

pumice clasts.

E-0 Basalt

This basaltic rock exhibit aphyric texture with very few
microphenocryst of plagioclase (An 68-70%) and olivine. The
groundmage is made up of extensgive olivine, plagiaclase,

opaques and few pyroxene,




Section 2 (XKARA)

This section ls located along a norith-northeast south-
southwest enloagataed curvilinear vidge in the vicinity of
Kara. 4t the central part of this ridge, where it attains
its' maximum helght, a base of 15 m thieck strongly welded,
greyish, lithic fragment vich ignimbrite capped by s dark

fine grained basalt is exposzd.

Thin section study of samples collected from the ignimbrite

(D9) and basalt (D8) shows the following character.

D9 Commendite

This rock shows an cecutaxitic texture with crystals of
quartz, plagioclase, alkaline amphibole, aecgirine and K-feld-
spar. Basaltiec and trachytic lithics are aleo present. The
basaltic fragments are composed of calcicwplegioclase pyroxene,
idingstized olivine and opaque minerals. The matrix ils
characterized by bands of recrystallized glass, glass shards

and collapsed pumice.

D8 Basalt

The rock shows aphyric texture with microcrystals
represented by plagioclase, pyroxene, olivine and abundant
grainsg of opagues; secondary calcite is formed along fractures

and in the vesicles of the rock.




Section 3 (CHEFEXO0)

The secticn 13 located along a large fault escarpment
near Chefeko. It forms thes tast boundary fault which is
grouped as eastern mavgin faults. It exposes a basg of greyish
well welded, highly jointed 20 m thick ignimbrite coveved by
a dark grey, spheroidally weathered, 30 m thick porphyritic
basalt. The two units are scparated by a 20 cm thick 1light
vyellow fine ash flow and by 20 em thick brown, ecrusted

palecsol.

Samples were collected from the ignimbrite (D12) and

basalt (Pl0) for thin section study.

D12 Alkaline Ignimbrite

This zrock is represented by scarcely welded ignimbrite
contalning crystals of plagioclase (An-36%), K-feldspax,
alkaline amphibole end very scarce aegirine. Mainly trachytic
and few basaltic rock fragments are also present. The glass

which the matrix is made up of has a brownish ecolour.

Dl1C Basalf

It shows porphyritic texture with microgranular ground-
mass is composcd of titaniferous pyroxene, calsic plagioclase,
idingsitized olivine ang opague minerals. The opaquesvare
basically of two kinds: spine like illmenite and cubic

magnetite.
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Section & (KEBLETA)

This gsection was taken along a flank of a rviver near the
junction of Boru =2nd Kelets. Tt is possible to subdivide the
pycoclastic flow deposit of this section into a lower

prevalently pwoximsal unit and an upper distant unit.

This lower pyroclastic unit is composed of a 2.5 m thick
grey ash flow unit overlain, with 1 m thick brown p&leoeol.
separation, by a well welded dark 2.5 m thick ignimbrite with
Ufiammae" of dark glass. This unit is black horizontally
sheetaed at the basc and grades into a lighter conchoidally
fracturced upper pavt without any significant break. The main
unit of the lower pyroclastic sequence is a 10-15 m thiek
columnariy jointed, yellow ignimbrite which is rich in pumice
clast of variable flattening and carrieces also basalitic and
dark ignimbritiec boulders. The last two units are scparated
by a 20 em thick brown coarse grained, crusted paleosol
containing chips of glnss, quartz grains and fragments of
underlying rock. The upper pyroclastic series has a2 total
thickness of 10-15 m. and is constituted by fine, loose right

brown to grey ash flows separated by thin layers of paleosol.

Several samples were collected from the lower pyroclastic
unit for thin scction study including: basal dark ignimbrite
(D32), top grey ignimbrite (D31), yellow ignimbrite (D1) and

(Dl~1}) from th- basaltic bouider.
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D3-2 Glassy Ignimbrite

This vock is rvepresentad by an ignimbeite showing an
eutaxiilec textuve ccutaluing crystals of guartz and
oligoclnse and 21ithic fragmenits of basalts and trachytes.
The matrix is made of finc crystals of aegirine, amphibole,
thinly collapsed pumice arnd irregular spots of brown glass.
These spots apart from having different colour from the glass
of which the matrix is made up of, they alsec have different
refractive index. Thus they could represent drops of a liquid

with diffevent composiition.

D3-1 Glassy Ignimbrite

It is a 1ithic and crxystal bearing eutasxitic ignimbrite.
The c¢rystals include guartz, few plagloclase, very scarce
ae girine and amphibole. The lithics are composcd of oxidized
basaltic fragments and trachytic fragments too. The matrix
is constituted by extensive glass shavrds and thinly collapsed.

pumices.

D-1 Yellow Ignimbrite

It i composed of a scarcely welded ignimbrite conteaining
crystals of oligoclase, alkali feldspar alkaline-amphibole
and asgirine and mainly basaltic lithic fragments. The maftrix
is made up of uniformly alteved gyglase with few droplets of
brown glaseg of different cowposition signifying magma

mixing.




Dl1-2 Basgalt

The boulder baselt shows aphyric texture with
microphenocryst of plagioclase (An 58%). The general
mineraioglical asgsemblage is represented by plagloclase,

euvuhedral, pavtially idingesitized olivine, titaniferous pyroxene

and opagues.

Section 5 (FEYIS0)

Similar pyroclacsitlc deposgit to the Keleta section is
present along the Feyiso river. It presents a base of 20 m
thick yvellow dignimbrite which is rich in pumice clasts and
other lithic fragments followed by an 8 m thick, horizontally
bedded, fine brown ash deposit then comes an unusually thick
(8m) alluvium deposit carrying stone lines of rounded pumice
and pebbles. The last unit of thig section is a well welded
"fiammae™ rleh digunimbrite characterized by a basal Dblack
colour which grades into a light grey colour towards the top-
In between the alluvium and the ignimbrite a fine grey ash

flow, having a maximum thickness of 20 em is present.

Sample waes collected only from the well welded ignimbrite
both from the basal one (P21} and top one (D23), for thin

section study.

D21 Glassy XIgnimbrite

This 1lgnimburite cxhibit an cutaxitic texture containing

gcarce and few crystals of oligoclase, aegirine, quartz, X-
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foldspar 2+ conhibole togother with mainly trachytie Liitiic
Eragments Tae watyix 1s mainly composed of enllapead oamicn

snd glass ashacvde s=2¢ in an cxidized glass.

P23 Ignimbrite

This rock s formed by crystals and lithice set in a
glassy matrix. The crystals are scarce and small and include
plagioclase, guavrtz while the lithice fragments ave mainly
of basaltic compogition. In the matrix rare collapsed pumice

and droplets of brown glass are present.

Section & (SODORE)

This section iz taken along an escarpment located half
way beotwaan Melkasa 2nd Sodove. It presents a base of
20-25 m thick grey, banded "fizmmee™ vich ignimbrite unit
followed by a 3.5 m thick scarcely welded ignimbvite containing
abundent fragments of cbsidian and lithies; then 2 m thick
light vellow scavrcaly welded ignimbrite cerrying fragments
of obsidian and boulder from uanderlyling rock and centimetric
levels of pumice rich horizous fellow. On top of this unit
5 m thick fine depleted, wenkly stratified subangulax pumica

fall deposit carrying

L]

fragments of obsidian and plecaes of

lava 1s prescnt. The youngest unit of this section isg the
youngest rock wvnit of the study arca and it is representad

by 5 m thick 'AA' typoe scovacious baseclitic lava flow. Abseclute

age determinstion of this basalt gives subhistorical age.
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Samples wave collected ¥rom the basce ifgnimbrize (D238)
3

unit aad the Lo basaltic vnit (N29).

D28 Ignimbrite

It is represented by eutaxitic ignimbrite carrying
lithics and abundant and large crystals of oligoclase, quartz,
augite and magnetite. The lithice are constituted by abundant
basaltic and few trachytic rock fragments. The matrix is
characterized by collapsed in part re-crystalized, pumices

and glass shards. Sccondary calcite is also preseént.

D29 Basgalt

It is porphyritic basalt carrying phenocryst of
plagioclase (An 74%) and olivine set in a microgranular
groundmass constituted by abundant plagioclase, olivine,
clusters of pyroxene and opaques. In general the section

shows enrichmernt in clivine.

Section 7 (WAGILLO)

The gection is located along a fault scarp near Wagiilo
area where numerous ridges with curved outlines are present.
It 1s principally made up of two unit: a base, 25 m thick
rhyolitic lava flow exhibiting evident flow structure and a
top 10 m %hick pumice fall deposit. The pumice fall deposit
ls constituted by fine depleted, coarse, angular pumice
clasts, 1 m thick grey ignimbrite, large patches of dark glass

and centimetric levels of grey fine ash.




Samples wore takon from the base riayolite (W-4) and
ignimbrite (W-&) and ifgnimbrite (W-2), obsidiaa (W-3)

intercalated with the pumice fall deposit.

W-4 Rhyolite

Under thin section the sample shows porphyritic texture
with felsle groundmass. The mineral assoclation include,
oligoelase. alkell-feldspar, quartz and relatively abundant
hornblende The groundmass ig felsic containing very scarce

micrceryotals of cegirine and amphibole.

W-2 Ignimbrite

The vock is constituted by crystal and lithie beariag
ignimbrite set in a glassy matrix. The crystals are quarviz,
cegirine and small plagivelase; the lithice are very scarce
and mostly basaltic in natuve. The matrix at places carzy

glass shards.

W-3 Obsidian

It presents virtually a section of vrecrystalized glass
containing plagiloclase, azegirine, amphibole and sanidine
crystals. The groundmass show aspherolitic texture with
stretched glass. It vesemblos an ignimbrite texture which

could be attributed to the flowinz structure of the obsidian.

Section 8 (XIMBIBIT RIDGE)}

The secticn is taken along the two westarn scarps of

Nazret town. It starts with a dark, highly fractured basalt




unit followed by a 2 m thick fine brown ash and 2 total of

5 m thick grey Vfiammae! rich ignimbrite which ie¢ coarse aad
less weldel towarde the top, finally a fine grainad davk
basaltic unit rvaest on top. ‘In the vicinity of this sequence,
feldspar phyric basaltic lava flow ocutcrops which takes up

a stratigraphic position on top of the basalt at the Kimbibit

ridge. Absolute age determination of the "fiammae"™ rich

ignimbrite yvyields an age of 1.7 my (Mohr, 1987).

Petrographilc study was performed on samples collected
from the base basalt (N-2), lower part »f "fiammae! ignimbrite
(N-3), top part of "fiammae" ignimbrite (-9), top basalt on
Kimbibit (=10 and finally from the feldgpar phyric basalt

(N=4).
N-2 Basalt

The rock showa a fiqc grained texture with micropheno-
crysts of zoned plagiOCIASe (4n 54-68%) and olivine. Some
crystals of olivine are ohaerved to be completely idingsitized
while others nppear completely fresh. Agglomerate of
crysetals made up of plagioclagse and olivine are alse present.
The groundmass hag the same mineraloglcal assemblage with few
pyroxene and abundant opaques. The appearance of some of the

crystals suggest that they may be xenocrysts.
N-3 Ignimbrite

The rock shows abundant crystals of k-feldspar, quavtsz,
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horablende, few plagliocelace and pyroxanc together with trachytie
o

rock Tragments wnleh avre gset Jn eutaxltlie matrix compozed of

colliepsed, pertially recrystallized Humice and glass shavds.
N-9 Ignimbrite

It hag coarsely crystalline eutaxitiec texture. The
crystals are plagloclasa, k-feldspar, small altercd amphibole
and pyroxenz. Lithics in this secectlon include both trachytice
and basaltic vock fuagments. The matrix is made vp of glass

shards, fine grained crystale and collapsed pumice clasis.
N-10 Basalt

it is represented by microcrystalline basalt cacvrying
few phenocryste of plagioclase (An 60-70%) and poikilitic
pyfoxene, irciuding plagioclase erystals. The groundmass is
cengtituted by plagicclase lath, partly idingsitized olivire
and abundant opagues. Secondary precipitate of calecite fil-

ling vesicles ieg 2lso present.
N-~4 Coarsely Porphyritic Basalt

Porphyritic besaltic lava with phenocrysts of unusually
larze and abundant plagiociase (An 68%), smaller cuhedral
olivine with multiple idingesite wim and zoued alkali-feldspar
sacet in a microcrystelline greocundmass. The groundmass is
composad of plagioslase, olivine, very scarce augite and

opaques.
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Section 9 (KIMBIBIT RIVER)

The section is taken along the Kimbibit river. The
sequence starts at the floor of the river wheve a dark highly
jointed 2.5 m thick basaltic lava flow is exposed and it dips
under a 1.5 m thick black well consolidated conchoidally
fractured ignimbrite followed by a total of 7 m thick grey
to brown ash flow; finally 6 m thick scarcely welded, lithic
rich grey lgnimbrite occur. Absolute age determination of
the top lithic rich ignimbrite has given an age of 0.51 my

(Mohr, 1987).

Samples for thin sectlon study were collected from the

floor basalt (N-11) and the dark ignimbrite (N-17).
N-11 Basalt

The rock ia represented by porphyritic basalt with
phenocyst of plagioclasc (An 60-64%). The groundmass 1is
comﬁosed of mainly plagioclase, idingsitized olivine, very
small pyroxene and fine grained opaques. Secondary caleite

precipitate is also present in the vesilcles.

¢

N-17 Glassy Ignimbrite

It is a crystal and lithie bearing ignimbrite set in a
glassy matrix. The crystals include guartz, plagioclase and
amphibole; lithic fragments are basaitic in nature containing

plégioclase9 olivine and aegirine-.




Section 10 (NAZRET CITY DUM2)

The section is telken in the vicinity of the Nazret city
dump. It prescnts a base of 3 m thick weakly stratified
angular, fine depleted pumice fall deposit carrying thin
levels of palcosol followed by 60 e¢m thick grey well consoli-
dated ignimbrite. The top of.this section is a whitish 3-4 m
thick, scarcely weldoed coarse ignimbrite rich in pumice

clasts and lithic fragments,

A sample was taken from the ignimbrite (Ge-9) immediately

on top of the pumice fall deposit for thin sectlion study.
Ge=-9 Ignimbrite

It shows an eutaxitic texture containing abundant crystals
of k-feldepar, alkali-amphibole, corroded gquartz and micro-
crystals of plegioclase. The lithics are represented by
trachytic rock fragments‘r The matrix carriles collapsed

pumice clasts and intricately contorted glass shards.
Section 11 (J0GO)

The scction 1s taken In a quarry located approximately
half way along the novth-northeast enlongated Jogo ridge. The
sequence starts with 43 m thick grey "filammac" rich ignimbrite
followed by 12 m thick coarse, angular, fine depicted punmice

fall deposit.

Sample of the ignimbrite unit (W-5)under microscope show

crystal and iithic bearing set in a glassy matrix. The cryétals
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al

:ra vapresceantid by plagioclase, quaretwn, alkali-feldspar,
hornblende and very scarce aczivrine. Lithics are represented
by both tyachytic and basaltic rock fragments. The matrix 1is

glassy and at places pglass shards are observed.

Section 12 (GEDEMSA)

In order to complete the stratigraphic column of the study
area, a very genavelized stratigraphy of the young acidie phasec
of Gedemsa activity is presented here (sce Table 4 for complete

precaldera stratigraphy).

The pre-caldera Gedemsa volcanic products is comstituted
by a series of grey to brown ash flow intercalated with grcecen
ignimbrites, surge deposit and pumice rich horizons. The post
caldara activity is dominated by rhyolite and obsidian lava
flowa vich in fragments of glasg and pleces of lava. The last
phase of volcanism is represented by a basaltic activity as
observed {from the spatter cones on the flank and floor of
Gedemsa caldera. Absolute age determination of rocks of Gedemsa
caldera spans from 0.8 m y to 0.2 m y (Di Paola, 1972, Bigazzi

et al. 1981).

Samples were collected from the pre-caldera, green
ignimbrites (G-7, G-9). In hand speciment it is well welded,
green in colour and contains large fragments of acidic lava

and besaltic scoria.
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G-7 TIgnimbrite

It 13 a crystal and lithie bearing ignimbrite set in a
partially cvystallized glassy matrix. The crystals includs
calsic plaginclase. ag¢gilrine and resorbed olivine probably
representing xenocerysts. The lithics are mainly trachytic
ones. The matrix is made up of dark oxidized glass with a
very intense racrystallization upto the extent where ignimbritic
texture is almost obliterated. It also contains fragments of
juvenile magma more basic tham the glass of which the matrix

is constituted.

G-9 Ignimbrite

In thin section presents light sialic bands of partially
recrystallized glassy particles containing crystals of quartz,
plagioclase, alkali-feldspar and aegirine followed by darker
bands made up of dark glass and crystals of plagicclase,
k-feldspar and abundant ribecklte. In general an almost
complete recrystallization has nearly obliterated the eutaxitic

texture.




Iv. LITHOSTRATIGRAPHY

The aran wnder favestig=tion exproscs various tyncs of
volcanic ¢neks which were the wesults of volcanism Fvom
Pliocene to receunt (Mohr, 1987 and octhers). Several volcanozs
were aétive contemporaneously evidenced by the interfingering

of their products, %AJM‘

The exposures are limited to Eivef and road cuts and alopg
esﬁﬂ??ﬂf“t3° Large flat plains and depressions, which take up
c;;sidérable amount of the study area, are covered by eilthear
reworked volcanoclastic deposits or extensive ash flow units.
The products aesociated|with centers can easily be traced if
the volcanic edifice is\%Y%served as in the case of the Gedemsa
caldera but scveral other collapse structures, like the Boku

ridge, suggest that there were a lot more volcanic centres

than previously thought.

The lac! oif proper marker horizon, extreme lateral and
vertical variations of rock units togcether with the fact that
the exposure of the volcanic rocks are limited to a certain
\\ifeay presented great difficulty in constructing a composite

stratigraphie cokumn,

The composite stratigraphic column (plate 2) is construct-
¢d mainly by the use of the lithologic identity of the vock

units and incovporating the few absolute age determination

data (see chaptar 3 for complete discussion).
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The woeck uwnits along the sections are the resulit of
several phases of volicanism which lasted for a fiwed span i
time evidaenced by the preseunce of interlayered paleousclaz. It

is poosiblc to aubdivide these rvrock units into sroups accordes

ing to their lithologicel identity and spatial distributicn.

Six sucn kind of groups have been identified: the
stratoid Eastern Margin and Dera-Nazret group prevalently
acidiec Keleta, Boku and Gedemsa group and Melkasa group counstie

tuted by baealtic spattosr cones and associated lava flows.

The subscecguent subdivisien of the rock units is informal
and don't follow the nroper stratigraphic rank. The litholo-
glcal charvactexr of each unit is summarized hereunder accowrding

)

to the supgested stratigraphic position from bottom to top-

Eastern Margin Group

T U e/ [T

The stratoid rocks of the sastern margin arce exposed in
the southaastern vegion of the study area along the large
boundary fnults and are composed of basaltic units interlayered
with ignimbrites. The compoaite stratizgraphy has been recon=-
structed by the correlation of the roeck types along the
stepped faulte. ¥t includes the rocks along the large faults
east of Keleta (fault 1) and the first major fault scarp of

the rift margin at Sire (fault 2).

Fault 1 eznoses a base of ignimbrite (1) followed by a
basaltic unit (1). This basalt is considered to be of the

same type as the basalius exposed at the bage of faunlt (2).




Fault 2 sc=an seection covbinuesz by & wvanit zomposed of
ncidic iava flow sad ignimbeite (2) . This acidic unit leg furtasx

cappad by ancthes besaltic unit (2) found just east o

~h

Sive town,
Ignimbrite (1)

The ignimbrite {18 exposed along the De;agsyre road at the
base of fauvlt 1. 1t has exposure thicknesé of 20 m. In genevral
it is grey in colour, well welded and highly jointed. In hand-
specimen it coiries fragments of pumice clasts, lithics and
dark glass. Petrographically the ignimbrite show an eutaxitic
texture with flattened numice and glass shards containing
numerous plaglioclase, alkali feldspar, pyroxene and amphibolse

crystals teogether with lithics of trachytie and basaltic nature.
Basalt (1)

The basalt (1) 1is found along the same scarp and covers
the ignimbrite (1) unit. It has a thickness of 30 m and con-
tinucs acwoss the whole length of the scarp. It is porphyritic,
dark grey and at places is highly fractured. Spheroidal weqﬁhﬂ
ering features are also o?ge;zgdn Under microscope the rock
preaeﬁts typlecal basgltic texture with intertwinned plagioclase

associated with pyroxene and olivine. The texture is

porphyritic with phenoctrysts of only plagioclasge.

The two units are separated by a 20 cm thick brown,
crusted palacsol, and a thin 20 cm thick fine yellowish ash

flow unin (Fig. 5).




Acidic Lava Flow and Igonimbrite (2)

This »oelk uwnit ite exposed aloog the first major fault (2)
scarp at Sive. The base of this scerr exposes a hiughly
fractured spheviodaily weathered basgsaltie lava flows which
are consideved to be equivalent to baselt (1) unit. The acidic
lava flow and igaimbrite (2) unit rest en basalt (1) with a
30 cm broﬁn paleosol separation. The units are grouped together
for the coavenience of mapping but in the fleld; they present

two distinet rock units sepaveted by 1.5 m thick browu crusted

paleocsol.

The acidic lava flow, which overlies basalt (1), ehow
¢lear flow astructures typical »f viscous lavas with approximate
flow orientation towards the downthrown side of the fault,

It has an average thickness of 10 m and countains considerable
amount of agcoria fragment ranging in sizz from 20 to 50 em
and levels of cbsidian. Under thin section it presents a
porphyritic tgxture with phgnocrysts of plagioclase set on

felsie groundmase contalning needless of plagicciase.

The ignimbrite (2) unit which is well exposed at the town
of Sire is chavacterized by whitish colour and show a thick-
ness of about 10 m. At the exposvre level it carries numerous
pumice fragments and ia well welded. Petrographically 1£ has
eutarxitic texturs with wholly and partly collapsed pumice clasts

and contains gquartez, z2lkali-feldspar and plagioclase crystals.
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Ragalt (2)

The last unis For this sroun s fuvmes by basali (2) which
is exvosed just cact of 8ive town.e Lt has 1015 m totel thick-

n288 and lsg comnosed of series of flows separated by linoes

m

of baked brown paleosol. It is darlk coloured, fine grained and
is highly fractuved. This rock exhibits an aphyric texture with
very few microprhenceryst of plagicclase and ollivine aset on &
groundmass mada up of plagioeclase olivine., few pyroxene and

opaques.

Thore iz a ¢ km wide flat plain separating fault 1 and 2.
Principally it is covercd by thick alluvium deposit but there
ig =& northeast enloengated vidge near the locality of Xara.

The view of the widge from the town of Sire shows a geuntle dip
of the flanks uniformly in both north-northeast and south-south-
vest direction which graduslly merge with the floor. The

rocks exposed along this ridge include a base of strongly

welded greyish lithic bearving ignimbrite of 15 m exnosed thick-
ness covered by a dark fine gralned basalt having a maximum
thickness of 10 m. This ridge is here considered to be a
collapae remnant exposing rocks eguivalent to basalt and

ignimbrite which cutecrop along fault 1.

DERA - NAZRET GROUP

The strcateid Dera-Nazret group wocks are exposed along a
northenst-southwest a2nlongated belt starting from Dera to Scdore

and neax Nazret. In general the rocks of this group are composed
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of acidie leve flowe and demes followed Dy an izmimbrite =nit
sneg two boesitic wnits, one of which is rnrevlavered hetwaon

lava dome and icunimbrite.
Acidie Lave Tomes and Flows

This rock unit is exposed alonn either northeast enliongaied
ridges oxr in a foim of a typical domal structure. The meln part
of thisz unit is exnosed in the Dera-Sodore arasa. It's exposed
ag a typical Jomal structuve at Dera and Iodecha where as at
So&ore it forms north-northeast enlongated gidge, Similaznly

oriented videe ie found in the vicinity of Nazvet town at Dibibisa,

The rotks are composed of rhyolitea, lisht in colour
interlayered with derk wbsidian lavels. They show cleer flow
structures and at places arve columnarly jeinted. In this section
the recks arae zsacrally porphyritic.with felgic to plassy ground-
mase including snenocrysts of plasioclase, quartz, pyroxene and

alkalifelidarar.

Ignimbrite

This izgnimbrite unit mostly ocutcrop solong north=no:t?east
oriented fault escorpmenta cxposed west of Hazvet (scarp west
of Hazret, Jogo, Pidimtu and Germama arceas). It is wepresent-
ed by pele nraan, well welded ignimbrite chavacterized by the

coccurence of several lenses of dark glass (fiammae) rancing

e

in size fvom 3 to 20 cm.- Fhe thickness of the unit varios
from 2 to 40 m, wherc towards the top, the ignimbrite becomes

less welded and includes larger amount of Ilithic frasments.
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Similar ionimbrits valt has alze been found along the road ©o
Sodore hevinng ewn z2uposure thickuess veunging from 20-25 m. 1
e chavactavincd by a bazs of srey well walded iponimbrciis with

dfienmaet of dark giags, while the top 1.5 m is forwmsd by an

lonimbritae containing patches of glass, pumice clnsts and
abundant lithizs. From petrographic polnt of view, these

rocke extilbit eutaxitic texture with collapsed partially
crystallized pumicescrystals of guartz, plagioclase, amphibole

‘and pyroxene and lithic fragments of bagalts and tvachytes.

Basalt (n)

This basalt (n) unit 1s only exposed aiong the scarp wesat
of UYazyret under th: ignimbrite previousty described, separated
by a 30 em thick we2d brown paleosol ond 1 m thick fine grained
hrown ash flow deposit. This rock is 2.5 m thick, mostly fine
grained, dark in coiour and show fliovw lamination. Undar thin
section it »nresents a fine gralned tasxture containing microﬂ
phenocevyst of plegioclase and olivine. The groundmases ig formed
formed by mievcerystals of olivines, plagioclage nyroxenzes

and abundant opagues.

Basalt

The lasi unit of this group, a basalt unit, is exposed
along the widge of Kimbibit, at the base of Tadecha cone and
along a ridge on the road to Sodore near the junction of Helka

Woba. These rocks are roepresented by vesicular, dark generally

fine grained basalis cavrving few phenocrysts of planioclase.
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Petrosrarhineily it oresents spevsely -ovpayeilic tosture get on alcvo
granular srounimaze tormed by alivine plaginclase and pynoreno.

The phevoecryets aze of saned plaploclase and yyroxene only.

KELETA GROUP

The Xelzata group la an extensive syroclasgitic flow deposit
which can be considered as the oldest true vifi floor devoeit
outeropping in the study aren. The type locality is located
anlong the Keleta river, in this area, it is possible to gub-
divide the whole pyroclastic section into a lower unit of

proximal facies and an upper unit of distant facies.

The lower pyroclastic flow deposit (Fig. 6) astarts with
grey ash flow covered by glassy ignimbrite and a thick yellow

ignimbrite,

Grey Ash

Thig unit, which outcrop at the base of the river, ig
composed of 2.5 m thick, fine grained, grey ash flow, contain-
ing seveval pumicu clasts+rranging in size from 1 to 5 cm.

Very rare lithic fragments have also been found.

Glassy Ignimbuite

The Grey Asli unit 1s covered by a Glassy Ignimbrite with
a l m thick brown paleosol separation, containing chips of
plasgy matevrial The ignimbrite ig 2.5 m thick, dark in colour
and contaline lev=ls of dark glass and stretched pumice. 'Tae
base of %his unit show clear horizontal flow lamination. Under

thin section it hae eutexitic texture with collapsed pumice
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and glass shardag, graritz ond silagfoclacs cryeials with lithics

S

¢+

of oxidized bacaitic fragwents and trochvtes nre also proevsent.

Yellow ITgaimbrice

The mein uwnit of this lower pyroclastic flow is repre-
sented by 12-15 m thick yellow igunimbrite. It carries abundant
pumice fragments which show variable flattening. It ig colum-
narly jointed =2nd contain large basalitic boulder and ignimbrite
fragments veachinz in size 80 cm in diameter (Fig. 7).
Petrographically the basalt ig fine grained containing
microphenocryst of plagiocelase with groundmass of plagioclase

olivine and scarce pyroxene.

Separating the vellow tuff unit from the underlying iganim-
brite there iy a 23 cm thick coarse grained sandy paleosol
containing ehips ~f glass, fragments of pumice and the underlying

roeck.

The upper pyroelasstic flow deposit is exposed on the top
part of the Kelata viver. It s composed of loose unconsolidat-
ed units of brown and grey asch flow deposit with intercalation
of several levels of paleosols. The total thickness is approxi-
mately 10 m. The 2sh units are fine grained and carrying small
pumice frapgmonte, especially in the grey ash unit, silicified
fossil plants and gas escape routs characterized by fine deplet-
ed coarse lenses of pumice are present. The upper most unit
of this group is vopresented by a fine grained brown ash flow

deposit which ig¢ sean to cover large areas, including Dexa

domes; MNamret aves and Gedemsa Caldera (Fig. 8).




of Baugterr Margin Groun. 1t is possible to observe 40 ¢
of ash and paleosol between the wnits. Road to Sire.

e

Fig.6 The lower pyroclastic flow unit shoving tha bvase g
ash, glassy ignimbrite snd the main vellow igninbriteKe.
river,




Pig,7 A buasitic taalder messaring 8C on ddameter within

the yellow igninbrite amit Kelsta river.

Pig.l Brown ush deposit intercalated between a basaltic
spabier cone and 2 green ignimbrite, of Gedemea group.

Northeyn shoulder o, Codemsa calderas

et
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The produete of the XKelets grovy are aloo well exrosed? at
Feyiso river: Here the gsection starvis with a yollew ignimbuite
unit carrying lavrpge pumice clasits and lithic frapmeants followad
by 8 m thieck brown ash flow depcesit which show week
stratification and in turn overlain by 10 m thick reworked
volcanoclastic deposits showing a crude stratification marked
by stone lines of rounded pebbles. At the top 2-3 m thick
well welded ignimbrite carrying large lenses of dark glass is
found. Tthe bhase of this unit is glassy and 1ig separated from
the underiying reworked voleanoclastic unit by a2 thin laver
(20 cm) of fine gwvained ash flow deposit. Petrographically
the ignimbrite shows an eutaxitic texture with glass shards
and collapsed pumice containing crystals of plagioclase,
quartz, pyroxene and lithics of trachytic nature. Eventhough
the unit of this section are similar to the ones exposed at

Keleta river linear corvelation between them is not possible.

BOKU GROUP

The rocks of this group are zssoclated with a large central
volcano and several smaller centers ocutcropping near Wagiilo.
The volcanice products connected with the activity of these
centers; sre obgerved to extend as far as Jogo vidge and £111
all the depressiocns found in the western part of the study

area.

These vocks ave constituted by a base of acidic lava flow
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unit covevad 9y o wyvoclastic Flow unif characterized by

ienimbrites snd ash flow.
Aeldic Lava Flog

Thzse rocks zve consitituted by light rhyelites having
thickness which vaxy from 100 m at Boku to 20 wm at Wagilice
and show clear flow sitructure with interiéyers of obsidian
lava. From netrographic point of view, the rhyolites show
porphyritic texture with felsic groundmass containing pheno-
crysts of guartz and amphibole; needless of plagioclase are

also presaent.

Pyroclasgtic Flow and Fall

The vocks of this group ave exposaed at Waglllo, Boku,
near Nazret c¢ity dump, at Kimdibit river and imn a quanrry

located s2ionpg the Koka-Nazret road.

At Wagillo, this unit is constituted by 10 m thick,
weakly stratified, coarse, fine depleted pumice fall deposit.
The pumice ¢lasts ave sub-angular and are interlayered with
1 m thick grey well welded ignimbrite, patches of dark glass

and grey, fine ash flow deposit.

fleaar Boku widge, in a small quarry, a 5 m thick very
coarse pumice f£all deprosit carrying large lenses of obsidian

oCcCcur.

AL the Nazvet city dump, this unit is made up by 2 base
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of coavee, angula:c; fine depleted pumice fall deposit carvying
levels ef grey ond brown ash giving an overall appeavance of
weak stratification. On top of this section, separated by
20 cm thick byown paleosol, 60 em, thick, well welded grey
ignimbrite occur. Finally a whitiasn, 3-4 thick scarcely

welded coarse lgnimbrite rich in pumice clasts and lithie

fragmenis cap all the unit.

At KRimbibit tviver, rocks of this group covef a basalt
unit of Dera-Mazret group. This section starts with a base
of 1.5 m thick, black, fine grained, glassy ignimbrite followed
hy a total of ® m thick, brown to grey ash flows separated

by thin horizoans o paleoscl.

The best outecrop of this unit is located in a quarwy
found along Kika-Hazret road. The deposit is constituted
almost entirely by weakly stratified coarse grained pumice
fall containiang layers of grey to brown fine grained ash flow

deposits and centimetric levels of paleosol.

GEDEMSA GROUP

;i

The CGedemsa gvroup rocks are rvrelsted to the youngest
acidic event occurring in the study area, connected with a
large central volcano which later colliapsed to give rise to
a 7 km wide caldera bounded by vertical wall of 156-200 m
height. The floor of the stvusture is characterized by anr

east-wesh elongated ridge formed by several domes connectad
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with pesi caidarn setivity. Pumice fall and surpe deposits

vepresentiag producis of lafter activity are also found.

Within the limit of the area studied, the stratigraphy
of thie zrvoup stavia with a base of wvery thick pyroclastic
flow and ignimbrites feollowed by rhyolites and obsidian lava

flows of post caldera activity capped finally by a pumice

fall deposit.

Stratigraphic description of whole products of this
group except the pumice fall deposit, described herecunder,

is given in Table 4,

Pumice Fall

The foll deposit is exposed within Gedemsa, and along

the Wonjiti road near the bridge on the Awash river.

In Goedemsa, the unit is chavacterized by 20 m thick grey-
ish, vervy coarse grained pumice fall deposit. The clastg are
ugsually angular and contain fragments of obsidian red and

green lava and levels of 2.5c¢cm thick grey fine ash deposit.

At the bridgz of fwash the fall deposit is 3 m thick and
show intercalation of fine grained grey ash flow deposit.
The pumice ciasin have smaller sizez as compared to the cuicrop

within Gedemsa.

MELKASA GROUP

The Helkase group recks are results of basaltic volcanic

activity venresented by numerous north-northeast aligned
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envatteyr cones nad saneociatad tava flowe. Yo tne field it has
ﬁeen egbablished ©hai epatter cone actblvity began eaclicw

than the pumicous phase of the Poku cyecle aad contlaued upto
later times (Fig, 9). The youngest phase of wolcanism is of
fisaural type and ig closely associsted with the spatiter cones
{(¥ig. 10). 1t gave rise to 2 scoraclous basaltic ‘aa’ type

of flow. This unit is exposed along Tadecha area wheve it

flows down the fault scarps and at places into river channelsg.

Petrographically the basalt show porphyritiec texture with
a microgranular groundmass. Phenocrysts are of olivine and

zoned plegloclase.

Table &4
Thickness (m) Field Description
3 fine grained brown ash flow unit,
4 light yellow welded tuff unit carrying

2-3 em thick levels of green tuff and
obsidian. The top is characterized
by 70 ecm-l m thick, very fine grained
light yellow tuff. The unit, in
general, contain, blocks of 40 cm
size of red rhyolite and oxidized
lavas.

2-3 aphyric lave flow containing few

phenocrysts of feldspar. The top of




this unit cavvries large cbsidian blocks
Tight brown litnic tuff. Tha matvix is
fine grained cavrying 1-5 cm size
fragmenta of the underlying voek and
rarely small pieces of obsidian

brown tuff of medium grained matrix
including scveral fragments of 5-7 cm
size of red and green lava. Lensecs of
10 em thick fragment concentrated
horizon is also present

very coarse grained tuff rich in
Eragments of obsgidian and lavas of
differeut kinds showing size vavrying
from 1-2 em upto 50 c¢m. Pumicous clast
are very common, in fact the top 2 m

of this unit is a coarse grained
pumicious tuff

well welded green ignimbrite

mainly aphyric scoracious lava flow
carrying few feldspar phenocryst very
coarse grained welded tuff unit wich

in tithic fragments. Large, 1.5 m red
lava and obsidian blocks are present.

light brown, fine grained, pumicous
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tuff contaianing hLlocks of 10-2C cw
gize obeidian ard different kinds of
lava. Baeds of 10 cm thick of very
coarse pumice are interlayered

15 well astratified green tuff. Singular
beds are 10 c¢m thick having medium to
coarse grained matrix. It contains
centimetric levels of fine depletod
pumice.

3-4 a base surge deposit of dark brown
colour and containing cross-bedding
marks. Basaltic lapilli, pisolites,.
and lenses of coarse matrilx are also
present.

425 brecciated ignimbrite containing blocks
of red rhyolite, aphyric lava and

obsidian ranging in size from 1-1.5 m.

Table 4 A stratigraphic section along the northern boarder

of Gedemsa caldera.
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Fig.9 Contact

c¢one andoverlying pumice fall depos
Quarry along Koka road,

vetween the underlying basaltic gpatter

it of Boku Group.
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Fig.10 Kurfa spatter cone and u850c1i:

stod faag! type
basaltic lava flow. awash Melkase,




V. STRUCTURAL GEOLOGY

The area under investigation; located in the ﬁorthern part of the
Main Ethiopian Rift, is characterized by a well marked eastern and poorly
defined western margin bounding a 45 km wide depression. The dapression,
which 1s part of the rift floor, is affected by several tectonic and
volcanotectonic features such as Men echelon! arrays of faults and
grabens, partly destructed and preserved calderas, enlongated domes and

aligned spatter cones.

The margional faults acve located In the southeastern and northwestern
part of the study area. The scutheastern faults (Fig. 11) trend N30 E
and arce arranged in Yen echelon" arvays, They have throws ranging from
200-250 m and at the tip éf each segﬁent there are gplays which ave
concave towards the downthrown side of the fault. These escarpments cut
all the volcanic products belonging to the eastern plateau which has an

age of approximately 1.7 m y (Bigazzi et al. 1981).

The western marginal faults, locafed in the northwestern part of
the study areés are conatituted by several N20 E oriented faults and a
large curved volcanotectonic structure. The throw of the faults range'
frém 50 m to 120 m and cut the rocks of the Dera-Nazret group which date

approximately 1.7 m y (Mohr, 1987).

The faults of the floor, considered to be part of the Wonji Fault
Belt (Mohr, 1960), are generally lincar and run in north - novtheast
direction. They are arranged in "en cchelon” arrays and form several

tectonic depressions like the onee found in the areéa of Boku, Wagillo,




Dara, sastern side of Hoks and also st Godemsa caldera. They shour throvs
ranging from 5 o &0 wm ~nd cvt the whole sequenca of rocka outcropping

1o the srea ihef‘thegyare seen Lo cut rocks tanzing in age from 1.7 m y
(ignimbrites of Dewxa-Nazret group) %o 0.06 m y (Basaltic spatter cones

of Melkasa group Bigezzi, ot al. 1981).

Well developed fault scarps are observed in the western part of
the study area and in particular along the eastern border ofggoka lake.
The feoults are arranged in right stepping "en echelon" overlap and extend
upto the MNazret area. They are characterized by a nicely developed
escarpment ranging in height from 60 m in the southern part to 5 m in
the pnorthern one. The throw of these structuresa, which displace the
rocks of Dera-Nazret group is difficult to measure but, field considera-
tion suggest that the maximum throw does not exceed the height of the

entire fault scarp.

Similar well developed fault system is present along the eastern
rim of Gedemsa caldera, immediately south of Wonji Sugar Plantation.
In this locality, a complex fault pattern trending north-northeast, south-
southwest give rise to a graben-in-graben structure which extend for a
about 15 km. The western border of this structure is formed by a fault
gset which cut and dismember the castern rim of Gedemsa caldera. These
faults, at places, seem to have a left component motion; in fact along
the eastern flank of Gedemsa caldera, in the viciniiy of Cheka village,

the crest of a cone and a nearby river channel arc seen to be offset in

a sinstral way (Figs. 12, 13).
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From volcanctectonie point of view, the area is charac-
ertzed by: preserved caldera (Gedemsa), partly presesved
caldera rims (Boku, Wazgillo). other volcanotectonic collapse
structure like Jogo, enlongated vhyolitic domes including

Sodore, Dibibisa, Tedemariam, and aligned spatter conesd.

The Gedemsa structure is a completely preserved caldera
with an average diameter of 7 km. The rim is constituted by
a near vertical wall rising from a floor having an average
altitude of 1640 m to a maximum height of 1850 m. The floor
of the caldera is dominated by several approximately cast-

west aligned vhyolitliec domes of post caldera activity.

In Boku and Wapgilllo area several remnants of caldera
rims, evidenced by their curved outline and constituted by
rhyolitic leva flow are present. The largest one, Boku xidge
ig facing northeast and has 160 m height. Its flank is sut
by north-south oriented faults forming a 1 km wide graben
along which strong hydrothermal activity occurs. Similar
but less curved wxidge is present in the Jogo area which is

constituted by composite curved ridges facing west.

Most of the rhyolitic domes within the study area, have
cllipsoidal ocutline with their long axes oriented in north-
northeast directlon. Marked examples include, a paivr of
domes found in Tedemariam and Sodore areas and the Dibibisa

dome found in the eastern part of Nazrest.
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The hasaltie gpatter conces, one of the lagst phascs of
volecanic nctivwity, sre councentratoed clong & novthe-northsast
aligoned belt which stevrts from the esastewvn side of Gedemsa
and continues with a right "aun echeloa" displacement at Boku
avea. Some of the spatter conee have later been digsrupted
to give rise to fresh 'AA' type of lava flow as observed near

Melkasa area.

To evaluate the kinematics of the major structures whieh __ .-
affected the area, a study on the mesos structures was carvied
out. In particular this study was undertaken through careful
measurements of mesofaults with siicklines, extensional
fractures and joints excluding those meso structures which

could have been genetically linked with volcanic phenomena;

such as {low gsurfaces, cooling fractures and collapsed kﬁ:L//

pumices. Huch meso-scale structural data were collected from

15 gelected stations.
Station 1

The station is taken along a graben located & km west
of Nazret. Mesofaults run in northeast-southwest direction
and show pitch of slicklines ranging from 5 to 45, indicating

an east-northcast west-southwest extension ditrection (Fig.1l6).
Station 2

The station ds located within the campus of Sodore Hotel

where & brown tuff of upper Keleta series is affected by
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measofaultes which ava orvriented from B175 % to N30 E and having
pitch of stvise veonging from 46 to Y90 suggesting unortheast-

southwest extengion directicn (Fig. 17).
Station 3

In a quarry nf pumice fall deposit of Gedemsa group
along the road to Koka, faults, mostly trending north-socuth
direction showing pitches vanging from 30 to 77 are present.
Data from several other fault planes without clear kinsmatic
indicators are also cellected. Extension inferred from
striated fault planes show an east-northzast-west-southvwest

direction {Fig. 18).
Station &

On a lecustrine deposit found on the eastern aside of the
Awash bridge,; along the road to Wonji, faultsg oriented in
east-west diraction with sub-horizoatal {less than 10) slick-
lines indicating right - elip and north-south oriented faults
with suhuﬁertical glicklines are present. The average extens-
ion is oriented roughly in northeast-southwest directinn

(rig. 19).
Station 5

. N
Along Keleta viver, dn the main unit of the lowver

pyroclastic seguence, two fault planes measuring NO5 E and

N45 E and having pitches of slicklines 82 and 12 respectively

arc present. EBitension dircction from this data gives NAD E.
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Mumerous joints in northeast-southwest direction relatad to

the faulis are ~lso onserved (Figv 20).

Station 6

At

]

havwa estate, a basaltic spatter cone (Fig. 14) shows
normal faults trending north-northeast, south-southwest. On a
single fault planae slickline with pitech of 74 was recorded

(Fig. 21)

Station 7

5 kmn along Nazret-Melkasa 'woad, within a quarry of
baszltic spatter cone (Fig. 15) normal faults with orientation

ranging from novth-south upto northeast-southwest are present

(Fig. 22).
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Fig.14 YNormal faults aftscting bagaltio
along Naszret-Helkasa road.
View towards northesst,

spatter cone locaked
Roadside near junction to. Wagillo.
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Fige15 "Notwal faults pean Gedemus calders within a quarry
of basaltic scoriu, pear shaewe estate. View towards south,




Station 8§

The quarry of pumice fall deposii of Boku group loecated slong the
ciry dump near Nozvet ig affectoed by meso-scale normal faults whose
orientation range froim north-northeast to sast-northeasi direction

(Fig. 23).
Station 9 - 12

At these & gtatlions data of extensional fractures were collected,

The sites are located, within campus of EELPA (Station 9), along the

road to Scdore {Station 10), near Wonji (Station 11) and in the vicinity
of Kimbibit eidge (Station 12). The extensional fractures at Stations 9,
10 and 12 affect the lithic dgnimbrite unit of Boku group whereas at
Station 11 the extensional fractures are found within the pumice fall
deposit of Gedemsa group. The fractures digplay "en echelon pattern
and are orlented iﬁ a roughly north-northeast, south-southweet direction
having openings in the order of few centimeters. The openings are filled
with fine grained material of the host-xock material which have been

affected by stvonyg hydrothermal activity (Fig. 24-27).

Station 13 - 15

Numerous data of joints were collected at the three stations. On
average, the joints have north-northeast, south-southwest direction and
affect the lithic ignimbrite of Boku group at; the floor of Luma river
(station 13), 5 km west of Nazvet (Station 14) znd 3 km west of Nazret

(Station 15) (Figz. 28-30).
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Staticn Number 1

Locality

Type of Structure

Lithology

& Yn from Nazret tovards Addls along & graben.

normal fault

Ignimbrite with "fiammae! of Dera-Nazrot

group
Structural Data
Dip Direction Dip Pitch

1565 75 5u

150 80 45

122 75 188

143 85 208w
Fig. 16 stercoplot of data of station 1, with extension

direction.
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Station Numbex 2

Locality

Type of Structure

Lithology

Structural data

Sodoire within campus of hotel

Normal faultg

Brown tuff of Upper Keleta Unit

Dip Direction Dip Pitch
266 74 90
110 80 4oN
120 82 80N

Fig. 17 Steveopict of data of station 2, with extension

direction.

73




17

FIG



Station Humber 3

Locallity Quarvy alonp road o HKoka
Tvpe of Struectur:z Normal faults
Lithology Pumice fall deposgit of Boku group

Structural Data

Dip Direction Dip EE&EE

20 _ 70 30 8
260 85 77 8
220 80 b0 W
255 68 76 1
265 80 -
136 55
275 85 -
176 90 -
264 90 -
145 65 -
342 35 -
225 65 -

72 &5 =
237 80 -
295 60

70 90 -
295 80 -
107 80 -

15




Dip Direction

330
315
155
270

68
ig2
295
310
100
310
105
265
105
260

98
345
300
145
100
162
115

80

95

76

60
75
65
920
60
65
55
70
80
80
70
90
70
60
85
65
90
65
80
80
72

80

BitcE




Dip Direction Dip Pitch

115 89 -
280 70 -
100 %0 -
260 80 -
215 60 -
255 65 -
( 248 60 -
262 80 -
258 83 -
124 50 -
105 68 -
265 60 -
97 83 -
245 62
242 58 -

Fig. 18 stereoplot of data of station 3 with extension

direction.
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Station Number 4

Locality

Type of Structure

Lithology

Structural Data

Fig. 19

Roadside,

along road to Wonji before

Awash bridge.

Normal faults,

joints and open fractures

lLLacustrine deposit

Dip Direction Dip Pitch Type of Structure
100 60 10 s Normal fault
95 70 90 " "
190 90 50 E n n
180 82 30 w " n
935 90 - Open fracture
170 90 - Joints
260 g0 - "
240 90 . T
135 90 - T

direction.
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Station Number 5

Locality Keleta river
Type of Structure Joints, faults
Lithelogy Yellow ignimbrite of Lower Keleta unit

Structural Data

Dip direction Dip Piteh Type of Structure

95 86 82 N Normal fault
130 86 12 sw " "
319 60 - Joints

305 90 - n

125 85 - 1

133 65 - 1"

135 56 - n

310 85 - "

126 90 - "

292 75 = "

309 85 - "

123 85 - "

313 907 - "

300 g0 - "

132 85 - "

320 85 - "

133 85 - I

303 90 - n

81




Fig-

20

Pip Direction

305
132

120

312

320
140
320
306

314

309
295
125
310

310

80
85
80
85
82
85
90
85
80
90
85
85
85

80

Pitch

Type of Structure

Joints

L]

sterceoplot of data of station 3, with extension

direction.
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Station Number 6

Locality
Type of Structure
Lithology

Structural Data

Quarry near Shewa estafte
Normal faults

Basaltic spatter cone

Dip Directlion Dip Pitch
115 72 4 N

90 75 -
100 60 -

96 70 -
130 65 -
105 50 -
165 50 -
195 60 -
253 80 -
110 70 -
120 80 -
120 65 -

Fig. 21 stereoplot of data of station 6.
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Station Number 7

Locality 5 km along Nazret-Melkasa road
Type of Structure Normal faults
Lithology Basaltic spatter cone

Structural Data

Dip Direction Dip Pitch
90 50 -
92 54 -
100 60 -
140 54 -
148 56 -
318 30 -

Fig. 22 stereoplot of data of station 7.
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Station Numbex 8

Locality Hear the Mazvet city dump
Type of Structuve Nermal faulis
Lithology Pumice £all deposit of Boku Group

Structural Data

Dip Direction Dip  Riteh
321 79 -
344 70 -
286 85 -
145 90 -
280 87 -
115 75 -
310 70 -
345 30 -
282 60 =
307 75 -
322 70 -

82 80 -
702 75 -
245 60 -
294 80 -
255 70 -

Fig. 23 Stevecoplot of data of station 8.
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Statlion Lhumber ©

Locality
Type of 8Struciuxe
Lithology

Structural Date

Within the campus of ERELPA at Melkasa
Extensional fractures

Flammac ignimbrite of Dera-Nezrei group

Dip Direcetion Dip
3590 80
275 g8
268 88
265 88
285 | 85
282 84
290 86
282 88
278 86
275 85
303 85
300 85
275 812
278 82
357 80
350 82
320 88
309 86
310 80

Fig. 24 stercoplot of date of station 9.
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Station Number 10

Locality

Type of Structure

Lithology

Structural Data

Roadside, along Sodore road at junction
ot Melka Wooba
Fztensional fracturas

Coarse Ignimbrite of Boku group

Dip Dir;ction BER
285 82
290 80
282 86
108 86
272 B8
280 36
284 82
233 88
105 88
288 82
300 ' 88
292 88
287 88

Fig. 25 stereoplot of data of station 10.
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Station Number 11

Locality

Type of Structure

Lithology

Structural Data

Roadside along road to
Awash bridge
Extenslional Fracture

Pumice fall deposit of

Vonji aftex

Gedomsa group

gﬁp Direction BEE

90 85

95 88

92 87

105 80

100 ' 89

102 87

100 85

120 87

140 85

100 82

105 85

129 81

127 84

125 86

129 88
Fig. 26 stercoplot of data of station 11.
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Station Number {12

Locality
Type of Structure
Lithology

Structural Data

Roadside base of Ximbibit ridge

Open fracture

Coarse Ignimbrite of Boku Group

Dip Direction

137
150
i35

280

96

80
87
85
88
87
88
80
82
80
84
81
80
84
85
87




D}p Direction

300
155
330
140

152

97

80"
32
85

85

87
80
82
&5
g2
84

80

80
82
87
36
87
80
85
88

82




Dip Direction Dip

175 §o
330 Y
160 81
332 83
295 86
340 84
145 83
130 y 82
128 83
130 84
Fig. 27 sterooplot of data of statien 12.
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Station Mumber i3

Loecality
Type of Structure
Lithology

Struetural Data

0n fleor of Luwa vivew

Jointeg

Coarse ignimbrite of

Dip Direction

114
105
109
296
300
121
125
289

297

128
130
297
119
120
128
301

123

100

Boku Group

80
90
80
85
85
87
89
86
89

20




Dip Divection

292

114

276

vip

20

85

88

90

83

70

stercoplot of data of station 12.
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Station Humbexr 14

Locality Roadside 5 km from Nazrzet along the

Addis sbabe-Nazret wmain road.

Type of Stvuctuve {Jdinﬁé
Lithology Coarse Ignimbrite of Boku Gvoup

Structurail Data

Dip Direction bip
90 85
100 87
105 86
65 85
125 g2
S0 89
110 87
70 80
108 §2
107 85
110 82
105 81
102 80
100 83
85 82
115 84
245 84
103




Fig.

29

Dip Diveection

124
135
215
265

70

60
215

216

bip

84
o8
85
84
89
&3
84
80
86

g2

86

stercoplot of data of station 14,
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Station HNumber 15

Locality

Type of Structure
Lithology

Structural Dzta

3 km from Nazvei towards Addis
under railway bridge.
Joints

Coarse Ignimbrite of Boku Group

Pip Direction Dip
270 85
275 88
170 82
122 | 89
105 80
115 86
115 82
118 84

98 86
120 . 88

97 33
129 85
280 80
290 39
285 85
245 86
180 85
106/

N

Ababa




BDip Direction Din

et res Lot Py ik b ¢ han ype AT A s

105 67
225 80
107 65
130 80
130 86
100 60
106 84
124 88
119 86
120 84
92 80
53 88
105 88
275 85
295 8¢
265 87
292 80
109 g2
120 82
105 83
104 62
125 85
140 86
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Fig.

30

Bip Divection

88
104

110

270
283
270
283
282

36

96
100
100
110

130

80
32

80

80
85
87
86

80

88
86
83
80
84

85

stereoplot of data of stetion 15.
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The ragronel paitern of the major sztructures which
affected the arza agnow that tha main faulte tread in north-
noritheast, southi-southwest direcition 2nd have clear wight

stepping Ven echelon®™ geometvry guggesting that o Ieft lateranl

compeonent of movement hag taken place.

Mescocale stvuctural data collected from faults ghow
oblique slicklines which are indicative of obligue ecxtension

direction with vespect to the mein displacement zone.

Data proccosing of all planes bearving slicklinege
(ANGELIER, 1979) indicates that the aves is undergoing
extension in c¢cast-northeast, west-soutihwest direcction.
Kinematics devived from the abowve data confirms that the
main structurece are characterized by & left lateral component
of movement and that extensional strike slip tectonics affect

this part of the Kain Ethiopian Rift (Fig. 31).




i
E

Fig.31 Stereoplot of all dsta narmel faults with slicklines.

Extension divection ealeulated using angalienr (1979) method .
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VIi. CONCLUSION

The study cazrlied oui in the Dera-Hazret weglon allows

to define & now, doetailed, etratigraphy and struciural natterw

which affset the avea and f¢ characterize the rvelationships

between tectonism and magmatism.

In this wegion, which i3 limited mostly te the floor of
the rift and partially includes also the Somalian platesu,

six main groups of volcanic rocks have been recognized.

The oldest group crops oult mostly along the eastern
escarpment and 18 composed of ignimbrite units iInterbedded
with flood basalts., This seguence shows an age ranging from

1.4 m y to 1.3 m v (Morton, el al., 1979, Bigazzi, et al.,

1981),

it

he other groups are found only in the floox and their
characteristics can be summarized, from bottom to top, as

follows:-

¢ i) DERA-NAZRET GROUP: this sequence is composed of
thyolitic lava flows aad domes followed by stwongly
welded, fiammee! vich ignimbrites interlayered
with basaltic lava flows. This group, which may
repregent an uplifted portion ©f the rift shouldex,
has an age of 1.7 m y (Mohr, 1987). On top of this
gsequance & feldspar rich basslitic lava flows are

found;
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(11) KELETA GROUP: this sequencce, which may represent
a preduct of the rift floer, i3 composed of a goerics
of ignimbrites and ash flows probably derived from

ficsunsl netivity;

(1i1) BOKU AND GEDEMSA GROUP: the products of these groups
are connected with collapse of huge calderas and ave
formed by ignimbrites, pumice fall deposits and agh
fiows. The age nf the products related to Bokn
range from 0.8 m vy to 0.5 m y while Gedemsa products
show an age vanging from 0.8 m y to 0.2 m y (Bigazzi
et al., 1981), the later age veferring to the last

producte prior to caldera collapse;

(iv) MELKASA GROUP: to this group beleng rocks of the
laast phase of volcanie activity of the study arca
They are icpresented by basaltic spatter cones
ascociated with lava flows which show an age younger

than 0.06 m vy (Bigazzi, et al., 1981).

The stratigraphic data indicate that the volumeg of
the acidic products are markedly greater than the basie ones;
in fact Lt i8 possible te observe that they represent 90%
by wvolume of all the rocks outcropping on the floor-
Furthermore from a petrographic point of view, it should be

stressed that, the lotermediate products are extremely scarca.

From a tectonle polnt of view, the area is affected
by nerth-~northcast, south-southwest trending faults, kncwn

as the Wonji Fault Belt (Mohwx., 1960). The faults show a




right stepping “en echelon’ arrangement and cut all productis
outervopping in the avea. The very receni activity of tha
faulting process is also well documented by the movphotcctonie
features inecluding a clearly visible fault controlled Uxmgnumy
and by the antecedent drainage pattern of established vivevs
1ike Awash. The fault structuves also include several
gelismogenetic fault segments which are thought te be respon-

sible for the occurrence of several earthquakes with magnitude

greater than 6 (Gouin, 1979).

The general geometry of the fault pattern and the
megsostructural date suggest a left lateral motion along the
malin structures coanected with an east~northeast, west-
southwest extenslon direction. These results show that
oblique extzusion iz a dominant mode of deformation in the
study afea$ thus suggesting that a stvike-slip system has
played & major wole in the dovelopment of tha tectonis hilstory

of this part of the HMaln Ethiopian Rift.

The tranctensional nature of this crustal stwile-slip
system may extend acvoes the whole lengti of the Main
Fthiopian Rift as inferred by Gibson and Tazieff (1970) and
by seismological (focal mechanisme) from Afar depressiocn and
Djibouti area (¥Me Kenzie, 1672; Abdallah, et al., 1979} and
from southern sector of the Fast African Rift systaom (Maaeha

and Molnar, 197%; Fairheoad and Stuart 1982: Bungam and Nako,




1985; shudofsky, 1983) which show that thera too, an oblicue

extonsion is the prominent mode of deformatiocn.

The stvatigraphy, petrography and gtructuval paltern
which characteriza the Nazvet-Dera region, allow to suggest

a new model for o rift gegment vadergoing strike-slip motiona.

Large volumes of the acidlic rocks, high rates of uplift
and high thickness of continental crust which characterize
the region under study suggegt that this portion of the HMain
Ethiopian Rift can't be related to a model which takes in

account lateral frae dispersion of lithospheric plates.

Ia fact, i{f one takes into account this model (pc Kenzie,
1978; Le pichon and Sibuet, 1%8Ll:; Becaumont, et al.
Kazmin, 1987), large emount of basaltic products, very rapid
gsubgidence, puvs coxtensional vegime and thin contlnental
crust, connected with a rapid extension and attenuatcion of

the lithosphere should bz expacted.

Instead, a betier model would bhe the one proposed by
Kazmin (1987) which implies an opening related to tha main
forces conneceted with the Africa-Buvasia collision. Thin

model explains:

1) The occurrence of strike-slip tectonics as demonstrated
by Molanaw and Tapponiex {1972) and Tapponier et al.,

(1982) in Asia:

115




2)

3)

step by step evolution of the vift system, separatoed
=

by long. gutet products in relation to different 8LAgao

(Kazmin, 1987).

The lawpge amount of acidic products could be conneeted
with a crustal melting process. This phenomenon, also
suggested by Huppert and Sparks (1988) considers the
acidic magmas as being gemerated by partial melting of
continental cxust caused by intrusion of basaltic
magmas, linkad to an uprising of agstenospheric material
(Fig. 32) as large horizontal lenses at mantle-crust

boundary,
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