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A Ir ct 

far i a junction for the Red- ea, ulf of d nand 1ain thiopian rift The timing of 

initiat ion of rift ing in the other ctor of the thi pian rift \ ell 

under tood.However,there i a p or understand ing f the onset f rift ing in th orthern 

Main Ethiopian rift . The objecti v of the present tudy i ' to establi h chronololY of 

rift ing and volcanism in the northern main thi opian rift ,and correlate thi wi h the 

other ectors of the rift to the south,Afar, Red-Sea and Ad n rifts . 

Tew Ar-Ar ages together v.'ith previous age as Vv II a field observation ha\ e enabled 

to identify five hronostratigraph ic unit s at the ",estern marigin .Flood basalts.B Iga 

basa lts . Balehi group,Keradi basal and tfeIka Jilo ignimbrite .. FI od ba alts in th 

northern ector of the 1ain Ethiopian rift re Pre-lift. ,h rea. the Buloa basalt and th 

Balehi group are syn-rifl.Bulga ba alt are early _yn-rift and Balehi gr up is the lat 

syn-rift . lmportant episode f \' Icanotectonic acti viti s a the Vvestern margin of the 

nonhern Main Ethiopian rift have been identified to occur at ar und :26-1 0 1a.10-7\1a, 

3. -2.5 Ma at the , tern part and probabl y lnce 1a at th eastern margin From 

1. 1a to pre ent their is a hift i 1 the locu of Icanotectoni acti 'ity from both 

mamins bounding the onhern , 1ain -thiopian riti to it- fl oor L- tren indo \\"-

dipp ing fault r tating strata to the - all fi II " d by -uendll1g. I: - -dipping 

fault at the we tem margin t the astern margin ' -t --tre lding \\'-to - dipping 

faulL ar fi II \\ d by j 'l'\C-trcnding, E _- and \ ' \V-dipping fault "j hl \\C tern and 

a t rn maruin oCthe ectOl htl a _eparat rifting hr nol gy 

\I 



Th onh rn main thiopian ri ha initiated in the upper 1i , unger han th 

southern Ethiopian rift f ynchroniety r olcani m and rifting 

between th Red- ea, den and Main thiopian rifts ugge t Afar ha olv d from a 

double jun tion to a tripl junction after 10 a.Epi de of ea floor preading in the 

Red-Sea and Gulf of Aden ri fts coincide with impo11ant v lcanotectonic activities at the 

western margin of the orthem Main Ethiopian rift. 
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hapt r 1 

Inlrodu ti n 

I. I neral 

ince the adve nt f plate te t nics and ea 1 or pread ing th Re ,ea and Julr 

or den ba ins arc thought to ha\ c developed a" a re ult r the dlift r rahin 10m 

ub ia.Arar has been accepted a' a plate eclon ic trip le junction G I the Red :ca. ulr of 

Eden and -thi opian Ri ft .J lowever,th i demand te t nic and \ I anic eYOlulion of the 

Eth iopian ri ft synchronou \ ith that of the Afal,Red 'ea and Julf of 

Eden(M ohr. 1983).The thi pian rift y tem IS on the broad f:thiopian- Yeme 1 

plateau,thought to have developed abo\'c one or tw Pa leogene man Ie plume and 

represents the third and nortrhea terly trending aml of the I ropo~ed rift-rill-lill lJipk 

junct ion(Ebinge l et a 1.. 1 989.M keI17ic.1(70).1Iood basa lt ha\c bel'l eruptcd acclO .. 

appr xima tcly 10(10 Km diameter region at abollt 30 1a(f-bingcr cl a1. .1 <)L LJ). 

The Ethiopian rirt \a lle, ,a pa l1 orlhe j'ast African rift ystLIl1.is an impoltanl pan 

of thi , truc tllJe \\i ng to its junc tion. in the Arm deple'si n.\\ith the Rcd :C<I -G ull'o 

Aden r ins \\' here! ran. itio])al charac tel to 'ca I100r s readi ng i: h()u~ht 0 bl. ta~im' 

place. his 101II'llly l]:.-orient d segment I' thc Last Africa 1 rift S\. tLIll can bL' 

. truc tUl ally . ubdi\ ided into the lain I-thiol ian ift( 1ER) and thL" :out!J"·l' .·lI:: rn 

I". thi pian lift(. l-R)(f ( caktti et a1.. 199,). 

The l\lain l·thinplan lift. nOllheJl1 t'JllliIlll . 01 thl: !-a:t 1\1'11 an I III ~ CIll. \: tL' Hi 

fr m the :< uthen Af'll I11<lJgin to he lake llamo At d la tilude \ r about \)" north th ~ 

1ain l:thi(lpian Rilt tans to fUlIlcl into the Afar de res. ion , n I a . \\ L' t IL'ndiI1!! 



l: tcnllonal. tnl ture at the b itude f ddi . aha \\ith a p ssibility of pa ing into the 

( ,ulf Aden ha been 'ugges ed hemet et a 1..1 9 ). h<- nit flo r I. t) pi 'ally 

d wnthr \ n 5 O- IOOOm bel \ Ih b unding p latcau It i. repol ted t h t the s lruclural 

marglll the am 'Ih iopian Rift where n t ob cure by rachytic and rhyolitic 

center ar norma l step faults and anthi tetic normal fau lt ( oldegebriel et aI..1990). 

more r cent truetural feature of (he ain Ethioian Rift i. he v onJi Fault BellCv FB) 

rela ted t th Quaternary episode f ob lique ext nsion pa ing frolll orthogonal to the 

rift houl ders(Boccaletti et aI. , 199 and 130ccalctti et al.. 1999). 

The FB i retained \\ithin the rift margin envelope hrough a eqllence of dextral 

en-echelon offsets running obliqu to the ri ft valley margin trend( Ka7m in et al..1980 J.lt 

has not been evident u to now ho\\' offset fthc WFB egmel1l arc linked .\ ithin the 

orthern Ma in Ethiopian Ri ft the \VFB run ' cl0 e to the we tem mangin.Comprising 

Fentale and Dofan. the strllctm continue to Afar dispo ed dC:\lrall, flOm adpccnt 

. tructu re to the outh around 9° KTh Phi~iographic Iransi ion rOIll 11J- R to the far 

depre sion occur nOl1h of Fentale \ Ieano. 

More recently magmatic egment ananoed enchel n boundcd b I id- 1 iocene 

border faults arc repolted in the Main : thiopian Rift(l:bin~el t al..2001 l.TI is 

magma tic egll1ents acc mmodate most of lhe the ex len . ion in Ihe .1ain I:thiopian Ri I 

being the Jocu f exten. ion since 1. 1a.1\ magma cham bel fi ed dike::. that ropag te 

laterally to fornl a l11agmati .egmcnl.lhe . luc(uraJ relation. hip of' thi: magl11ati 

segment with the WI· B i!' not b\ ious. 



'Y hI.! ift ma rgin m I p g ntl} un into the I:dell lift \\ ith com I.! X facing \ c a 

the f:a. em si e. n the c ntrary.the \V tern m rgln al he la itudc Addi baba i 

not c minous. 1 rc pr p t1y i h, s been th ugh 10 exhibit a dextral offset by 

40Km(Mohr,19 3,Kazm in et aI., 1980). 

evidcnce of t he early history of t he thiopian ri ft i l arge ly buried under younger 

vo lcani s beca use of th is the time of initiat ion of he [ orthern mai n Ethi pian rift and 

Afar ha been a point of dispute(Woldegebricl et al.,1990,Barberi et 

al,1972,1972,Kazmin et al. ,1972,Cheme( e al ,199 ).In general. n e( of rifting in (hi , 

sect r is poorly co nstrained. 

The pre ent study is designed in the transitional area of the southern A fal and 

Northem Main Ethiopian Rift margin to betier under ' tand the Volcanic successions ami 

tcctonic development oflhi region. 

The above paragraphs enlight th olcanotectonic active rift y tem In Ethiopia is 

one of the ~ w areas worldv,'id where one can acqui re ongo ing proces e from the birth 

of the rift as oc ialed with/without a man Ie I lume upto it. p esent transitional rift 

tage .. The MER and the Afar als pre cr\'e a wcalth of information on hl)miniJ 

e\'olution and early habitat~. 'onsc uentlyJ,nowledge of ontincntal blea" up !la\ t.! a 

wide implicati ns f'or cographers and nhr pologi t . 

lhc Ethiopian rill j, ,thc.rc or .an imp rtam b 0" \\111 h has rccordt.:d a \~tl u ahk 

infonnation to allc\ iate ur undt:!'. tanding abollt the tectonic and st atigraphi c nlulion 

o rift stems. trati rraphic c\olution f rilt con, i krably dine our under l<llll il t! or 



the thl\,; dim n i nal ge metric' and v lulI )n r con lin nlal 'in y lem. Recently,the 

cha ra tel' f rift b rdef Faull and tho he intra-ri t rat It ,raull 

egmcnta ti n di placement tran er within the fault y tem: 

parlicu lar intere L 

1.2. eograp hica l se ti ing 

1.2.1.Locati on 

rift , ha\e been f 

The studied area, pa li of northem terminus of the M -R althe western margin, 

lies gcographicallybetween(Fig. I) °4 ' to 9() 20' latitude n rth and 39° 15' to 9(14 -, 

east longitude. 

1.2.2Acces ibility 

The - thiopian plateau has been acce,sed by all weather road of Addis Ababa-

Sandafa-Ale ltu-Sheno and some dry wea ther road f Alcltu-Li7ib Dinga;.5heno-

hibegi Gebriel,D br birhan-Kotu Gebcya and tht; dry wC:lthe r road to 

Koremash.Moreover, accessib il ity of the plateau is also os ible by Addis baba­

Debreziet-Chefedon a,Mojo -Bal hi- henkora Yohanne .The tudy ha took an 

ad antage of the new route Areri- D brcb irhan which connect the pl ateau nOlihea t and 

sou thea t of Addis Ababa pa sing through the upper reache f th \\estern cs arpmenl. 

Th rift Ooor f the studied area ha been aeec, sed b f ddi :\ baba-l\1Ltchara-

1ctehbi la and tri als in the k lehbi la area. cl's~ibilit) ofth' 



-
'<E:SE:'~ 

~or~c 'iel 
2 .. r~& 

-. 
--

IJ , 
" 
:' / 

" j 
, 
)-, 

l- I 
/ I I 

.../ 

i 

" ,.;/, (" 

t, 

f/ . ~ """' -' 

/ 
I 

In (I 

'. J / I 
I 

I' -I 

l I 
I 
I 

I 

In 

abur~ 

!>I_glllal'c 
_ egmenl 

IIclh 
\1,,£m3ttC 
cgml.!'n 

I· ig. I. Jeograrhieal Ine.llio(i nf the ~llldi.:t1 area eTlclnsed b~ the NI\.1 longalc slil pk 
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main Flhi0pian rift afler I.bingl'f Cl al..200 I is also SIH)\\Tl .. quart: indiral':s 10cali('n 01 

199- earthquake(1 oeal meLl), nism rrom . ~c l e.200(l). is unwnl;lllnil~ in lhe ",'s'crn 

gor"c.lnsel sho\\~ • 'ubi,,-~( ; ... !i'\-:\Iabia rlale Kin 'malic' "lti'1g. \\ill Joubk arlO\\ 
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ar a 111 leteh il a area is II.;I1CI<llIy P r.l~ cpt ~ I lhe main d ' wcalhcl mall 

c nn ling the with 

whic h d e n ' t have uni onn c verage 

. ibility i. nly p ssiblc y rail .. 

th ar a. ~ peci Ily ea t f he main r ad t 

etehb ila via rth there are 11 tra il which make ac e ibili t) aim t imp iblc . 

1.2.3 . limate,Phisiography and drainag 

The I w lying ri t no r (700-1 OOOm eleva tion) get little annua l rainfall ( 00 mm . 

anuall). he rift escarpmen (1000-2500 m elevation) receives suffic ient rain for one 

crop sea on a y ar(800-1700 mm.annua ll y). Tempelalllrei alsovariableinthearea 

ranging between 220 c on the e carpment to 2 0 c n the rift Ooor. 

The perenn ial river K sem drains the tudied area in dif erent now directions mainly 

w- E, E- Wand sub East-We t direction .Re lionally, the riyel drain th ar a fr m 

around 2000 m elevation on the plateau to around 900m elevation at the rift nooLln the 

Metehbil a area orth of the K ssem river everal stream. and rivers cxihibiting i.l 

parallel drainage pattern are seen to now fr m a nortl)\.\l.:s l dirccti n t join the ri\ cr 

Ke sem ~ r m re lhan 15 Km s. Althouoh m st )[" them l11ailllain their course till Ihe 

drain t the Ke 111, ome f them an::: een t defle t fr m th ir riginal • ur:e neal 

it.. 111 tributa rie of these , lorthwe t- uthea I dire ted ri\ r Ie tlaight making 

conta t at right angle. This i. general] a featule e.pecial I the area r nh f the 

Kc ·em. n the . ntrary lith 01' th 'em therc arc not a. J11lH.:h a. ri\ CI. and 

stream as th n 11hem part.Although the re arc s me .lhl:) arc 110\ . ) Illllch I 11" as the 

northell1 pan and d csn'l take a d 'fillite Ie lional ouu;. 



I he village etl:h il n i und n a rdati 'e ly hit t PO'I i ph)' 01 a \Jul 1,)6 m 

Ic"ati n.h 01 here, the nr a tic cends 10 an cit:: 'at ion 0 ar und 100001 at the bo om 01 

the es em river. h 4 m ele\'a ti n dir~ rcnce be \\t; n the plateau and Lhe Ke ' em 

ri er valle r ne, rly Km expr ed by s rrated ridges and cone: ncar he 

ri ver. H wever. the 111 rph In uthem Kcs em take a di rfcren picture The area. 

ewg wand Lay hoba aj pr ximately of I 600 m elevation are found clo e to the 

ri er ke sem 2 Km on the average making a Oat m rphol gy .The a erage 2 Km pan 

between the plateau and the river xpr d by elTated t pograph~' . harpl 

d scending to the bottom of the river.(B tween j 00111 and IIOOm 

elcvation). lnadditi n,the plateau are genera lly wider a\'\'ay rom the Ke em .. 'ca r the 

Kes em ,the width of th plateau decrease with a nearly sharp tip.lnfact.thc ic\\'gc\\ 

and lay choba area pla t au are nearly eparate toward their tip wher a ·tream in the 

middle drains to the Ke em.They gen rally take a roughly E- E direction \\herea' 

imilar pia eau fUI1her We tat Arogc 1injar nd Adama how d flection to an i:ast-

We t direc tion from a N - trend near the Kc. em ri\er. le\'at ions attained b) the 

above men Li oned pl atea us are between 1600m and 170001. 

1aximum and J11lnlmUIll eleva tion 111 the tudied area arc r ~pe 'Ii\ el, mOlt.: than 

3000111 and 1000m.Maximum I vati n I ' i'ound northw t i'the studic I alea and 

minimum k\'ation i a ttain d oUlhcast of the studi dar a. 

The area at th boundclJy bct\\ccn the Uhi pian I latcau and th ' e c, rpl11~llt I( pill" 

down to the 1ER and 10 the lith\\' S ern I~lr.has attain d all c Ie\ .!lioll bet\ l!l:11 

3000111 and 7000m. 1orphol gically.the ar a is fOll11cd b) a s ric, 0 reli Is LIl'chi 19 111 

7 



a ,'\\'- ' I' dire lion includIng the ['nt t -R l t- aho m unt. it s bet \'l;Cn I d baha 

and hell 10 at·d n rthwc. t f the main toad . imilarly,l ~nst f . I t..no the Ie 'Ci'CZ­

l cmlab t mountain ' Irech in a . W- 'I:.. dilecli n(Ju ttn-Vi .cOlin et al..197 phe 

m unLains 'cn 'Ially rise t an clc,ali no OOf) III and m re abOH! en Ie\cl :epa rating 

t\\' plateau 0 appr ximalel} the same elevation. ln the \ icinit)' Addi. Ababa, 

m untains \Vcch ha-ruri- Yerer ric al: ab \'e 30 

r ughl y a t- West di recti n. 

m clc \ ation . tleehing in a 

In conc lus i n,the tudied area de ends r m 3000m ele at ion in the platcau arca to 

about 900 m levati n at th rift noor ncar the axial part .The prenial rt\" r Ke. em 

dra ins the pla t au a. well a the rift no r. ributrie. of Ke em in the Llehbila area at 

its n rthem pan di . playa parallel drainage ./ tem . 

1.3.Pre\ ios \\. rks 

A I t of pr '"iolls \\ ork on the tratigraphi . 'e chron I gi and geochemica l \\ rks 

has been d nl! in the adjac nl areas of the present tudied areaT I th ake or 

imp li ity,on l h'e that could have r \e,ance with the pre nl slUd)- ,\ill be menti ned 

bel \\ in Older f theil chr nology: -

tratiglaphic.pclIographi geochemical and IJdiOI11Clri ' datil1~ ,olk on the 

I!thiopi an plakall from alii Ahaba t Ikbl cbi ,hal1(.1u. lin-Visentin l'l .tl .. 1974). 

'" Detailed (,C logical mappin l! or the lot1111..:m all1 I; thinp ian litl be' 1:11 the 

latitude of (l and 9° 'orth( allntn ct al..I97.). 



Radi me tl l age det'mlinatiol1S ir Ih' erl' ilon ddis I hi! • :lIld Ihl.: rill n 

"ilh th aim luci ating Ih calis\.! r n. rro" ing f the \( Icanic lone.: . \onon CI 

al..197 ). 

• Identifica ion I' the main tag I' rifling in the • nhem 1ain I thiopian rill ,\ ith 

the aim understanding its C' lution(Ka7min et a l. .19 0). 

* Idenlifi cati n tec tonic • rllctures. 'lcanic ccntre :ge chronol glc and 

pe trogra phic data from Yerer to'r ullu Wellcl( bebe et al.,199 ). 

• lew radi metric age de enninations and tect nic insigh ts 111 the onhcrn . 1ain 

Ethiopian ri n - uthem Afar Iran itional 70ne( hemet et ai, I 9 

>t Petro logical and Gc chemica l work on the volcanic' of the ' r1hem Main Ethioian 

ri ft- uthern Afar rans itional 7one( hemet et a I.. 1999). 

Examination r distributi n I' train amI magmati. m 111 the .1ain I: thiopian 

Rift(Eb inger et aL20n 1 . 

As utli ned in the introduction sec tion. it ha. not been clear upto nm\ ho \ the 

. 'orthem Eth i pian \' :LCrn mt1 igin pas. e into the Af'ar ma rgin .'1 his ,Iilelcfnre. laises 

all intercsti ng question a. I ho\\ the Afar \\cstern margin is related to that of the lain 

J: thiopian Ri n. dditionaly,it ha not been cleal 411. 0 \\ hether the d xtraltranspo. ition of' 

the rift at the lati tude of Addi baba J. an original fcalUrL or a latel 

eli. location Mohr. 19, ).OI1lC tudie pointou he imponance or J'ast-West trl!ndil!! 

\n:ak c\ ten ional feature around thc latitude ,f Addis bahn with 11ll' los .. ihilit. r 

continuing to the (ililf r Aden(Abebc et a I.. I 9C)_ ) .. (l,ho\\' dn \\C I.: plain till' pat cln of' 

linin f in thc I ~ thi()) ian rift \alley in I.!enclal and . 'orthell1 . I.lin /· thiClplun l'If't in 

paticulal'! L nfc)J1unatcly. thl.: onl) dClaikd geol gir,t1 rna) IlH the I 'othelll ~Iain 

I: tltiopian Rift (Kai'Il1in l:l al. ,1!)7 \\illt a . calc.: of 1:2 0,000 .do Ilot U)\l:1 the <111.::1 

C) 



fu rth r rth whl:1 the lain l:thi >pian ilt aull an th ' (uthcm tar aull 

upp in tera, 

arberi et aI. , 1972) v. idely ccept the orthern ain Ethiopian Rift i . 

b rn together ith far 25 1yr ag .The eviden for the de el pment of the ri t c me ' 

ma inl y fr m n od ba all pile thickening and do\ m arping riftward seen in tributary 

canyons [ th y ba in river and ddis baba area . hi ugg t that a pr torift 

tr ugh \ as already deve l ping at that time.Thi tr ugh is taught t link with A ar I rth 

but how far it ex tends outh along the pre ent ri t valley is not kn \\'n . 

On the contrary, later re earc h s(Kazmin et a l.19 0) a e firml y of the opinion that the 

Ethiopian Rift to eth r with the A[ar \\'a de" lop d 14 Myr ago. The au thors trongl) 

argue tha t there is no evidence pointing to an in rease in thicknes. of the fl ad ba al t 

in the zone, of th Afar or the I: thi orian Rift e carpmcnL .They rather take a 

topographic containment of \'olca ni c unit 14-] 1 Myr in the rhcm part of the rift to 

be evidences of dcvcl pment of the ri fLThi ' v Ican ic unit coincide clo. d, with the 

prcsent marigin f the ri 1. 1 ]owevcr, (h authors pr I' rand agrc '$ to scc this episod a. 

a further rathe r than initial stage of E hiopian rift dcvelopment. 1orc\'cr. tht:ir 

int rpri tation ab ut stag of rifting in the n them Main ~ lhiopian ri t is lalgcly based 

LIp nob ervations on the Ea tem side of the rirt. 

'hemet et a 1.,19 ') n odern ri ft maril,-in den: Inpmcllt ill the n mhcm 

main Ethiopian rift a ld, outhern Afar i. ICJ l1ed to be t least 10 la , 111i .. C lOll: . trom 

th uge the basalt rOIll thc rift n {r 11 ar the 'astcll1 mal ill in es '3rprncnt and he 

] l 



as umpti n tl,. t the a all i. repn::cmati\'c ran od ba. all pile prc. cnt b )th in he rift 

fl r and the b unding plat 'au, 

IA.Background 

A maj or unconformity has been di covered in the deep ly In i ed Ke em river 

gorge.In th is area,an interact ion between the . TE- trendi ng and E-trending aulls are 

also noticeab le.O erlying strata dip gently E E whereas strata b nea th the 

unconformity dip SE.Obviosly, variation in trata dip provide ev iden e for y unger 

faults cutting sequences abo\'e the unconformity. equences above the uncon oml it )' 

inc ludes ignimbrites,basa lt fl ow ,channel fill deposits and air [a ll a he .Thus the 

Kessem gorge casts an insight where the tructural and stratigraphical evolution of the 

orthem Main Eth ioian rift can be determined. 

1.5 .. Purpo e of inves tiga ion 

As outlined above, the pu rpose of inves ti gation is to fill impona!1l gaps that has been 

unclear in the lO l1hell1 main Ethiopian rift far. 

Some o[ the works abo\'e ha attempted t con trai n the stage of ri ti ng in the 

orthem Main th iop ian rift.H wev r the lack r structural and vol anic featur )f 

interest ha blocked the way t come up \\ith a bellel onset of rifting lhc plc, elll SlUd) 

10 "s for th tru tur I and \ I ani feature. f intelest to arrive on the ~p H, 

II 



h 'n did the . truc tula l c\ Iuti n the ,thi plan ri t lie' b ,in'! . nl tcd 

a ve,th d I pm nt f the r nh 111 a in Uhi pian ri t an al p rly 

c n train d.!nfa t this i becau. e the evidence is lar 'ely bUlied under y unger 

vo lca nics. Are there any v !canlc and truclural eatures t better c 11 ·train the n"et f 

rifti ng in the 10rthel11 ain thiopia n rif'? It be mes, there~ re, m re conVincing and 

lear the need f a close in\'e tiga tion in the orthcl11 lain Ethi pian rift. 

With the abo\'e problem at hand the mai n objecti\ of the study i detennining the 

onset of rifting in the northern main Ethiopian rift.For thi s urpo e th methods that are 

followed includes:-

=> M ap faults of the tudied area from Aerial photographs,remote sensing data.and in 

the fi eld .This \ ill provide a tectonic map f the area not done .0 far \,hich \\ill 

enable to gi\'c a belle r stru ·tural outlinc. 

=> E rect a stratigraphic log at lh exposed section. of the area with lithological 

descripti on. 

=> C onduet radiometric age determination on units which will be alliable 111 the 

understanding of tectono tratigraph ic evolution of the area. 

=> Produce a geological map or the ar a \\ith maj I and k y unit . 

=> F r m cross-sec tion and data in the field under tand the different tec tonomagmatic 

re lation hi ops . 

Finally, upplem ntar), t the main objecti\l the study al"{) prlH ide ' ho\\ the geol11clIy 

of fault 10 k Ii ' (; .taning flOm the Margin till the rinnoor.This is thought to fill an 

important ga be ausc much our knowkdg' on the nft i. largely a·dhcr·J to lhl: 

marginal and ea n or 'preading area. 

I :! 



' hapl r 2 

R : 10 I L T il ', 

Thi chapler dea l ith pr viou chrono tratigraphic and tectonic ulline in the n rthem main 

~th iopia n rift that is of importa nce t the present tudy. 

2.1. hronostratigraphic studi es 

tratigraphic units identified ba ed on Krage determinations on the we tern and 

eastern margin as well a the ri ft flo r are pre nted.Table I ummari c age range for 

the westem margin. eastern margin and the Ri ft fl oor. 

2.1.I.Lithological description 

Kazmin et al. ,( 19 0 )which constrain the "olu tion of the northern main F:.thiopian ri ft 

largely re li ed on the work of heir predece:.or ( orbidilliet al .. 197 and Kuntz et 

al., 197). genera l tra ti graphic de. cription r the v Icanic unit after (Ka7l11in ct 

aI., 1980) for the northern main Ethi pian rift is a r Ilows:-

2.1.1 .1. laji ba alt 

Thi unit i ab lit OOm thi c],. fpn:dominalllly aphyric ba alt. with \CIY ar'c ilicic 

intcrcalati ns a ob erv d at the ~ollth\?a . tcrn plateau(Ka7l11in et al .. 19 0).1 h' unit i. 

also xpo. cd at the n rth"\? lem plall:aU ( Ju tin-Vis.entln c a!.. I 7 ) and IL t 

. \ I . 



u ncon~ rmably n the Ida scdim nt (Ka/ll1in ct al.,197 and 

Fr n avigli ,1940) .Thicknc gladuall) incrca c t the west, a. bserved a thc ca. em 

cs arpm nl. The laji ba a lt at the s uthc< . em and n rth\\ , tcm pla teau arc 

correlative. The mall1 difference be tvvcen the two is the . aricity r 'i lici 111 the 

utheastem plateau(Kazmin et ai, 197 ). 

Table 1 

"" 
.. 

Western marigi n . East rn margin 

( Morton et aI. , 1979) ( Kazm in el al.. 1980) 

Age (in Myr) volcanic un il s Agc(ln \1)~") volcanic units I 
28 -23 Abbay nd Sululta 2&-15 A laJI basalts 

transit iOllal basa Its 

23 -22 El1lolO and Kesscm 14 Jebel saddle basalt 

comcndi tes 

16-11 Gorfu nd Mcguc/ 15-1 I Arba Guracha Slilcics 

basal! , upper Kcssem 

Rh yol itcs 

9-7 Northern Add is A bilba 11 -10 Anchar basalts 

alkali ne basal!s 

J 
5.1-3.5 Wcchecha to YClcr 9.5-3(-1) Na/fct group 

trachytes 

3.7 Southcrn Add iS Ababa :1 : -" Bofa basalt 

basalts I 

-
3.3-3.1 Managasha and Te(h I 

I 

Rhyoli tc I 
1-1 



Wonji group (I t lhl: rill tllXlr 

(,\ flcr Kuzmlll ct aI. , 19 0) 

Agc(in myr) 

1.6-Reccnl 

(Tab le 1,Contd.) 

2. 1.1.2Jebel add le basa lt 

Volcanic unils 

Dlllo Ignlmbrncs PanlcllerHlI: 

enters and rlssural b salts 

I 

It is represented by everal hundred of meters thick porphyri ic ba alt re ting 

unCOnf0n11ably on the laji ba alt related to shield ty e centers.It i. expo. cd on the 

sou thea tern plateau near Asebe Teferi. Correlative units arc 1 ermaber basalts of the 

northwestem platcau(J ustin-\ 'isentin et aI., 1974). 

2.1.1.3.Anchar basalts and Arba Glllacha si li IC 

The two are contemporaneous or penecontemporaneous unils.Anchar basalt~ are 

flood basalts of up to 400111 thid.Name like upper trap cries ha\e been Olnt!uto them 

in the pa I. Arba uracha .ili ics are \\elded and ul1\\clded . ilicic tuffs confollllabk on 

the Jaji basa lt.Dc\·elopmcnt of hoth units is Ie ·trictcu by the rift escarpment and 

thickness incr a es towards the rifl. 

2.1.1 4. (l7rct I up 



It r pre ents a uc m re than 2 In thick ignimbrit ,UO\\C tlctilUff! ,a h 

n w , rhy lite and tra hyte n the rift n rift h ulde, nlya ew met r of 

ignimbrite are ob erved.A umulation the unit i th ught to e acc m anied by Ihe 

~ mlat i n of hi eld v Ieani m n the ri I' a tem h ulder.The upper part I. c.orrelative 

with the Balehi rhy lite on the north\',e tern plateau.( Ju ' tin- isentin tal., 197 .. 1).1 heir 

aeria l xtent is re tricted by mariginal fault of the rift.Thin unit are ben'ablL in the 

e carpment and n the plateau.They over! polder r ck \ ith light to modera e 

unconform ity.The late t tage f the azreth vol ani m encompa e silicic center a, 

ca n be seen from the wider pread rhyo li te d me cutt ing through older ignimbrite 

sheets. 

2.1.1.5. Bofa ba alt 

The unit i r pr sen ed by upto , even nO\\'s 0 fi 'sural ba alt .It thi knes. attains 

more than fourty meters a nd rests 11 nCOnf0n11ably n the ilici unit · 0 f t he 'ai'lcth 

group .Being young,they are not re tr icted t the central part of the rift .Instead.the .. are 

rather evenl y di tributed v r the rift Door.Becau e of thi s. th yare thought to repre 'ent 

epi sode f yonger fi s ural eruption. 

The rift fl oor ene that fall int the onJI gr lip arc de cri bed as:-

2.1.1 . . Dino Ignimbrites 



Thcy ovcr a con iderable portion of the ri It 11) r and an.: n.:pre "e nted by a numher 

f flow of om pact fiaml11c ignimbrite me place intercalated with aph} ri ba alt 

and unwelded pyre la sti .Thi kne f the unit varies fr 111 a f\:\\ meter. lip 0 thirty 

mcters.The unit rest unc n~ nnably on he BoCa ba alt an in part can be related t 

older panteleritic center lik Tini h antale . 

2. 1.1 .7 .Pantelleritic centers 

They are stratovolcanoe bu ilt mainly of peralkaline rhy lite and rachYle. with 

some pumice,pithstone and obsid ian occuring 1110 tly at late post caldera tage ". They 

are aligned en echelon along the segment of the \ onji Cault belt.Bo eti,Kone and 

Fentale are examples of the e pantelleritic centers. 

2.1. I .8.Fis ural basalt 

They are mainly concen trated along the W nji fault Bcl1.alth ugh some exccptions arc 

known ou t of it.The younge I flow of hi tori al p riod is rcprescnted b) fresh' aa" 

lavas.Older basa lt contemporaneou \\ ith f the de\ elopmcnt of the 

pantell eritic \'olcanoes wcre fi sural whil the younge. t eruption. \\ erc of entral 

type.Alignment of\\ II presencd volcanic c ne i an CXI rC.lon r flactules in the 

Wonji Fault B It,\\ hich in many plac. ut acro~. th' pantclleriti \olennie ccntres. 
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ChL!rI1ct L!t al.,( 199 ha ' introdllCL! 11\!\\ f'lll'llpllil.: II mcn hlllie on h' 

eh r n str tigraphic w rk ' adopted before Iht!01 . I he c arc dl.:' 'I ibl: I brielly 11 '10 \ 

ollo\"eo by a new in ' ight ga ined in tht.: tran 'itlnnal region. 

Weehecha fom1atio n ta nd Ii r the product , of he Pliocene silicic v lea ni 'm on Ihe 

fr inges of th n rthwestem plateau uch a Wechccha,Furi , Yerer and 

Menagesha.Bish ftu ba alt repres nt ba alt flo\\' a . ci ted \\ ith numer u cona 

cone found on the ubduede earpment of the :v1ainEthiopian Rift in Addi' ,\ baba 

area .Ih se basa lt typic Ily range in ge b tween 2. and 2. 0 \,1 . Jara 'umbi formation 

represents i1icic vo lcanoe a ligned a long t he base of t he e atem e 'carpment of Ih' 

orthem Main Ethiopian Ri ft and along the outhem escarpment of the far 

depre" ion.Ih 'e ali ghned vol anoe are Ga r Gumbi,r\sebot,Afc\cm, Bora at,Gara Adi. 

One amp le on the outhea tem plateau tha t unconformably ove li es CSOZOIC 

sediments yi Ided an age of 2 myr suggesting the time f initi at ion of fl ood ba al t 

activ ity in thi region.I \ 0 ampl from basalt flows intercalated \\ ith the. 'azfI.:th 

group ignim brites alo ng the we tern e carpment(in ~ ! etehb il a area) yielded age 

betvveen 6. and 5. a,a range \ hich overlap with both pha 'e f vol ni a tivity 

infelTed fo r the outh rn AG r ma rigin ilicic v lean e ( ara umbi' rmati n).T\\ 

new dates on amp le re iou Iy mapped a the Bofa ba alt yi uatemary age '. Ihi 

new age sugg t that the B a ba It ' which \Vcr prc iou Iy th ught t be Plioct!nc 

mi ght not be di tinct hronologieallyan "tr ti graph i ally fr m the ua temary baalt . 



Because the tudi ed area part f th tran itional ar a and also becau e or the 

relian e of age det rminati on on m ern te hniques, the chr no trati graphic }nthcsi 

by Chernet et aI. , 1998 i empl yed mo tl . as a ba e for he pre ent tud) (f-ig. 2 ). 

Age 
Ma 

53 

11.2 

23 .7 

h g 2 Strallgraphlc s~nthcSI~ lor the nnnhcm mam r 1111\11'1"11 nil (Aller Chernel cI.1I .1<) '1Ilr",h J e nle 

ne\\ ages by Ihe al(lrel1lellllllned ""Ihor 1 he s\nlh~sl~ larg h rehed upnn Ihe \\nr~ III KalJl1l11 CI .11 I"~ I . ~< I~ 

Inr funherd~ cnpllon l or 11 R \\ on)lglollp(O 1·16).Blsholtu O;r\.III(~ O)\\c he ha I< Im.llmn(' I 

4 4).AcJdls Ababa basalts! 5 0·(, 6).1 cnna~er Mcgaa linmallon (10 "·106) dnd "lap gloul _1~) Illr " II ern 

Afar A)oial Range .. \ 011.\1 Group( 0 8). far lrnlold Sen" (47·5") GarJ (jum!>1 hlnnallon ( II-{ 9) r.d 

AlapAdolcl and G<lkh hasalls(~, ·24 1)311111 Ma 



fo li o ing hemet et aI. , 199 ),v Icani pr duct of the transitional region ale 

ubd ivided int el en chr n tratigraphi uni t ,.evcn basalt -d minatcd and our 

trachytelrhyo litc- dominat d( hcmet al.,199 ).Thc e are laji gr up( platcau 

basa lts),Temla ber group(platea u ba al t ;Tcrmabcr- cgezcz ~ rmation). azrct 'roup 

ba a lts(westem esca rpment ba alt ), azret gr up silicic, far tratoid SC IICS. ara 

Gum bi formation(rift. margin ilicic centcrs),W checha F rmation( deli baba rift 

embayment),Bofa Ba al ts(young ri ft noor basa lts),B i hortu Ba alt ( ddi Ababa rift 

embaymen t),Wonji Group Basa lt ( oung rift noor ba all ).W nji r up ilicic (y ung 

rift floo r rhyolites). Refer for Table 2,for the di tribution Ag range and previou 

nomenclatu re. 

The abO\'e mentioned uni ts are further grouped a ' re- i ft 0 r post rift p ha 'e of 

activity as determi ned by their temporal and patial a .. ociati( n to rift st ucture 'I he 

pre-rift phase is characteri cd by wider pread nood ba alts and . ub rdinale fcl sic 

volcanism. ln contrast the post-rift pha e is fundamentally bimodal, including 

widerspread and locali ed basalt i erupti n ,wider prcad fel ic pylO la tic depo it .and 

central vent complex development( h met et al. ,199 ). Mo t of the c ntral \. nt 

complexes are dominated b fel i eruptivc pr du I that reprc. nl \oluti n \\ ithin the 

transi tiona l ba alt -trachyte- cra lkalinc rhyolitc . YSlcl11(('hemet ct a I.. 1 99). 



Table 2 ter hem t el nl. I 9) 

Ag' L'hase Distribut- Prc\ iou,; 'I) pe :--:ew 

'i range iOll n men l alul~ 
r 

• urn n-

, " 
I c1ature 

", ," 
Oligoce Pre-rin NWand A lajl ba alt. Oa alt to AlaJi 

nc- o plateau Trap 'c rrcs 1U1!Crt- ,roup 

Miocene tc 

Miocene Pre-ri ft NW and SL lermaber Oa, an- I crlll.!-

Plateau basillt. rba Gugu ilc III Ix: I 

ba alt amI Anchar 11u fl t:r- Gwup 

Basa ll ile 

Mioccne Pre- Nonhern Nanclh Group or Basalt 10 t>:alr-

10 ri flfPosI- MER Escarp- cries luga- clh 

Pliocene Rift menl ii, (JflllIP 

basalt 

Miocene Pre- MER noor :"<a/relh group. -, rach- t\auclh 

10 ri flfPost- and Esca p- Balchi and )Ie 10 g.IOUp 

Pliocene rift mCI1l 1abla Rh~ol'lc rli~lcs 

oUlhern Rh~ol i te Mba 

Afar escarp Guracha srl lcic~ 
I 

menl 

1ioccne BasalllO Arar tr-

IO Afar rill A far strmoid , 1uge nlc Awid 

Pliocene Post-rift fl oor basal iS .ene 

Mi ocene posl-rift !\Il lER marigm Gala Gumbl Ilach- ( .ar.l-

10 I r.lch~ Ie ) le- (,ulllbi 

I 
Pliocene .·outh 'm ,\l ar Rh~ohlc r Hrlll-

1arig.1Il ,1114 n 

'-----.. 
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Tablo.: 2 ( l1lu) 

Age range: Phase 7" Distril.iution I Previous I T}r 1\'§ 

t 1\< m~ncla'lnc m I tnf_ . 
Pliocene Post-rift MER e carp Bcnm rtle We,hccha 

lenlS 111 To form 11011 

AddiS ababa Tr.lch)tc 

region 

Pliocene Post-rift ~MERnft Bofa ha5alt . Basalt BOfabas~ 
noor \\' olcnhitl 

ba. alt 

Pliocenc- Post-rift AddiS Ababa nft Bishoftu Basanllc BI hoHu 

Plicstocenc embayment Ba ,lit To b. salt 

Hawaille 

Quaternary Post-rift MER-Soth- Won)1 gloup Basalt \\'011)1 

Ern Afar rrft To ,roup 

noor I HaW311lC basalt 

Quaterna ry Post-r ift 1'.1 ER-Southern WOII) I Benmortlc J \\o'J' '''"P 
Afarrrft noor group To .· I!Jeles 

Rh}olile 

-

The concept of as i ning volcanic unit. two d molln :pre-rift and post-rift i: a 

recent idea which is very important in under tading the \' Icanic and tect Ill' '\oluti n 

of the orthem a1l1:; hi pian Rift .The laji and 1 emlaber group d ng t the pI -

rift phase.The azrCI gr up ba alt and si li i bcl 0 11I.! ilher to th Ie-rift I the I s-

rift phase.The remaining units bing. (0 the post- rift pha. (Icfel table - l. 



2.2.Tectoni utline 

2.2 .1 • carpments 

The orthern Ma in thiopian rift b unded b. I:-trend i ng 

fau lts .Progres ive lift extension at mean rate f3 - mm/year with train ra te e senti Ily 

confined within thc Wonji fau lt be lt are rep rted for the 'rthcrn main Ethi pian 

rift(Mohr et a!., 1978) . The main fa ulting i doc umcntcd to be anthitcti in the ea tcrn a. 

well as in the west rn part of the e carpmcn t. r r in. tan e,faul t, \\ ith amoun t of dip of 

75- 0 to the outhea t and with mali di pIa ement upto 100m arc typical at the i:.atem 

marigin(Kazmin et a!. , 19 0, hernet et al..199 ). 

TIle ongll1 of such fault is cxplained by bl )ck rota tion 111 the cour,'c of crustal 

attenuation in the Afar(Mo rtoll and 8Iac(..,197 ).lIo\\evcr, this hypothesi ' might not he 

plausable in the IMER becau cru tal xten iOIl i not a gleat a: in the far to bnng 

about block rotation cxcept in part · of thc margin. D wnwarpping of trata from 14 to 

10 Myr produ ced ten ional [ra tu r\!. ~ 1I0w db) rcadjustm nt fresu lting blo'("s u ldel 

gravity. Thi eventuall y lead to mall ampliltlde anthi teti fau!t(Ka7111in ct al .19,0). 

The Yerer-Tuluwelel ex tcn i nal trllclUre running sub I:a t-We.l appr ximalc1y at tIll' 

latitude of Add is Ababa(9° ')( bebe \.:1 a1..1995) i. tran '\ er.al 10 he ol1.hcm , 1ain 

thiopian ri ft and c mpri.e aligned \'olcanocs(\\ c 'h eha fOlmatlnn ( '11 IIlCt d 

al.,1998). 



A rift in ri ft tru ture is dev I ped at the a tem e. arpment the 'or hem la in 

Ethiopian Rift and outhe l11 e carpment f A ar(Kazmin ct aI., 1 '):1 he , lruclUIC i a 

mariginal graben havi ng E-W W ricntati nand mprt e. aligned 110 'cnc \0 

Pliocene silic ic volcan ic center ( ara umbi ormali n){ 'hemet el aI., 1 9 ). 

2.2.2The Rift Envelope 

The western escarpment of the rift alley at the latitude 0 ddi Ababa is displaced 

60 Km westward .Similar bu t smaller displacement of the ea tem manglll the r i n 

occurs at SO 20° latitude.A linear di tribuli n f upper pliocene 

centers(Yerer, Wechecha and Menagesha) mark the lin of di . placement at the \\ e tem 

marigin though there are no fa ults on the urfa (l\1ohLl9 3 and Ka/ll1in cl 

al.,19S0).At the Eastern marigin(Latitude of Addi' Ababa) the lift ha an elbO\\ 

shape.This elbow confi guration is thought 10 be determined at lea I in art by basemenl 

fabric .This is because easterly and E E lineament ar common in thc a emenl of Ihe 

east Africa(Limpopo and Zambe i belts)(Kazmin t al., 197 ). 

Since 1.6Ma the rift Door i cov red b den Iy pac d normal aull Irending 

obli que relative to the bounding faults.llli faull belt ha t) pi ally 'F LO 1'-.' 

orientation and compri ses volcanic center .The b I a. a \\ hole ha ' bC\.:11 named a. Ihe 

Wonj i Fau lt BeJt(WFB).The \\' -B riginated becau. e the wit 'l fr m orthogonal 10 

oblique exten ion(Bocca lleti el al .. 199 ). 



ach egment ofthe xialz ne l Ot 120 'Ill I n 'and ca hon i di ,I, d 0 he 

cast ~ r 10 t 40 Km re lati,' uthcm ncighb ur Kazmin c 

northel11 most B in th ain 1: lhi Ian RilL c mpi isc' h:n <II 01 al10 

whereas the immedi ate uthem gmcnt mpn 'cs Kom: and Bo eli 

volca noes(Kazmin et al. ,197). pr minent tern 0 nOlthwcs cd) lrcndin' raul! can 

be traced fro m the ea tern e carpment the \Va h \Va cr all. !lcar KarJ.'u 

Lodge. pon projec tion the y t m fall on the offsc b 1\\ en the two pan artlll:, bo c 

mentioned WFB segmen ts.This offset is p ibl) ca u ed y a trans-rift fiactun; 

equival ent to an incipi ent tran ~ rm fault(Kazmi n I a I.. I 9 0). 



Table '" um mari e pr minenllcclonic pha 'es .1<; lI"gesle ) dill rcn • IIlh ) 

Table 3 

tage of ri fl ing 
volcanic unit 
Onsel of ri fling in the MER and 
Afa r 

Onset of rifting In the MER and 
Afar 

Shi eld basa lt tormati on associ at ·d 
sagging of the rift as a broad 
downwarp. 

Initiation of subsidence (ri fting) and 
associated rift shou lder sh ield 
volcanism in th e MER-A far 
transi tional zone 
Ma riginal grabcn at thc eastcrn pan 
of the N ti ER and outhcrn Afar: 
Formation of ali ghncd volcanic 
centers. 

14-1 1 

14- 13 

10 

Around 9: 
7-5 

26 

[nferenc!: rclercn\;c 

sharp incrcase in Ihid.n 'S 

lioccne ( laji) basall In Ihe II ne 
of Ihe Afar and the I Ihillrian Rill 
esearpment~ 

(Barben ct al .19n. 
Jueh .197 ) 
An incrcase and 
do\, n~' arping of Ihc nt:har 
Basalt and rna lurat:ha 
' rli i s lo\\ard, the II.R a. \\ell as 
A tar I st:arprm:nI.Pha e {I laulling 

\\ell a lill in!.! prc- Jtes 
accumulation or thcse \ 01 ani~ 

unit. . 
(Ka/min cl 31.. 1980) 
Terrnaber- Icge/ci I(lr mali"n Oil 

the \\eSlern marrgin aml kbcl 

group ill till' 
wash gor ge sec lion Jnt! pr CSl:nt:c 

or lacustrine sediment .( ( horwa 
I rmation) in thl. gr.lbcn ;,\!!c 01 
!\scoot.(,ur a-( lumi'>i. tUCI11.\lllr.1 .1' 
aml (,ara adr altghm:d \\ ilhin th' 
marigin I grdbcn( hlTrwt e 
al..199. ). 



, t:lgc of rifling and t()fmati n 
of volcanic units 

hicld bas~1t fo rmation 
on thc castern houlder 
associated \\ Ith manglnal 
graben formati on 

Furthe r subsidence and 
faulting of the rIft floor 

Formation of trac hytic volca noes 
along the Ambo lineamcnt 
assoc iatcd with the epi sode of 
further subsidcnce 

Rifting pnor to Wonji fau l 
Belt(WFB) 

Wonji Fault Belt 

(Tabl 3,contd .) 

\ gc(in I~r) 

.j 5-3 

2-1 5 

1.6-Prc 'cnt 

1.0\\ cr age I Inll of the 
I.!roup and h.: In re.1 C I n 

n h 
CI 

of the unIt 10 I the ~,c rpment 10 

the nft floor,LJndol1ll dl n Hrtlon 01 

bofa bJ$,llt on the nf t oor bem • 
} ung depo>1 (1(.1/11110 C' ~I 19 0) 

Thc agc of th.: . \ Ii ~hncd \ olcJnlc 
centers 11k Ycn:r,\\'cchcch.1 Fun 
along thc \mbo Iinc.llllen 
(Katmm ct ,II ,II), () and hcrnet ct 
al.,199 ) 

Age of Dillo 1\4ll1mhntc 
rclated to I'ml h 

pOSSlbl} 
Fental 

unconformably re ·lIn!.! on the ot.l 

Lo\~cr JI.!C linllt frolll thc 
Boscll oicano .111<1 abscn.:· of th.: 
\\on)1 belt teclonlC ph.!·c tor the 
no ra has.1I (K~I/mlll ct ,II ,I Il, ) 

li b'11mcnt of Pliocene vol anic center n the mb lineaml!n ,>uggt: I: < p , ible 

tectonic li nk to the Gulf of de n and outhcm far mariginal gr. I en \ y< unger ane f 

0.8 Ma on a ba anit tl w we t of Wechecha vol an a l ng thl: projl!clic n of Amb< 

lineament sugge t that v lcano-t ct nic acti il al ng the Amb lim: l11t:nl continued 



into the uatemary( hemet t 1. ,1 9 ). An age .6. a r m I hrbon'l rh) olile Ii Ill' 

northeast of B seti v !cano indi ated th t cntcr (part the WI· B ar\! aC li, c inlo I' le 

pliestocene( hemet et aI. , 199 ). 

2 



hapt r 

Chronost ratigraphy 

This chapter deals fi r I with, pr idJn 1 • traligraph ic rame\\ork and 

geochronolooical data obtained from be t . po cd . cction of the rift . hould r an 

marglll . econdly. thi i u ed I tabl i h hronolOne for th wc tern margin of Iht: 

lorthern Main Ethiopian Rift . 

The sections that are studied are de cribed belm\ _ 

3.1.Lizib Djnga~' 

The Germama ri\ 'er(one of the tributaric. or Kc"s m) ha. cu a 7<;0111 uorgc on Ihe 

plateau(Fig 3) The topmo t ection in th i: ' rca I. rlopi e clllcd b. ' I. applO im' t h III 

thick ignimbrite. Thi ignimbrit is moderately \\cldcd ontainin" r .taL f 

quartz,feldspars nd rock fracmenls including pumice Thi. llan~cting ignimbrite 

eparated unconformably flOm unde"~ ing thl I.. 110 \ lIlllt. each 7 to ,11 

thick According to Ju tin-Vi enli n et 'I (J97-l) thc.c thick n l)\\ r mpri d >1' 

interbeded basalt and iunim rite Irl1\ olite: \\ il h basalt c . nminalin o \ r th) 

igni mbrile/rhyolit ba ed 011 .ludie. ondllcted do\ n IIC, III ( - ~ . Ill" he I( p of tht: l: 

thick flows i. r pr 'ent d by an aph ri c cry lal ri Il( \\ it h .0111 li\ inc -Ia. I ha ' It 
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According to Francavigi li ) identir.lc t' (1940) h II a Ion t 'r I' a rcstri Il:d \ illdo\ 

nonfossiliferous sandstone underlyino the hole unit hich .upp . dl 

sediment. 

The Gerrnarna flyer generally cut a V-shaped valley typi al or r I l! f lorm d 

canyons. The successions are nat Iyin o and cOlltinu dov.n:tr am . pling named 

Lankuso originates fiom the topmost basalt at the lev I of th palco 1 demarcating th 

contact between the basalt and the topmost ionimbrile 

3.2.Shibeji Gebriel 

A nver canyon and a road cut expose a ha"a ll-j~lnimllil l! -

basaitlign imbrite from bortOllllO lOp(Fig 4) The b0t10111 ba alts. t;rical rthe 1I,IP CII l: 

exposed at the canyon ar generally flat lying and ont inues up. tream Ii \ 

series show disturbances,fractur >. and discominuit., ofunil d \\n . tlcam 

A road cut adjacent to the ri \' canyon expo.es aim thi k i .nimbritl' .. hi h rli 

the bottom approximately 1200111 thick trap eric . Th topmo t unit al n 1 the roadclit 

e'\posure is a dome shaped b _altic un it The gnilllbrit unit i. all imp )1 ant 111 , rl cl ~ I 

eparating the lower trap erie un it from the 0\ rI. ing plauio 1 .c-ph~ I j I a It 
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A reddish paleosol lay r i fI und bet \c n the appin, pOI ph. rili b, (It and Ih 

ignimbrite.Field observat ions in the icinil ) f Ih ab 10 alili s :ltO\\. II ~ o!..! niml rit 

and the overlying porphyritic ba alt.The porphyritic ba all not ah y~ r und 

overlying th ignimbrite,instead an i )n imbrite \crl ing lite 1m\( I I a. alt i a COI11Il1 J\ 

feature along road eut exposure .The ignimbrite at variou I lilie. i not contin u 

and is foun d at various relief forminn in som ca a trapez idal m Irk fealur 

resting on the lower basalt.Thi feature gi\'es all impre iOI1 I ct III Iltrnl II Ih~ 

ignimbrite which is downthrov,n al place. and upthr V. 11 at oth 1<; 'J hi. ll1i~'hl he1\" ht.::t.::Jl 

later modified by erosional proc s e giving it the pre nL app aranCl and dllributioll 

Along the road 10 Kotu Gebeya an expo.lIIl? ( f basalt(, tratigraphi ',.11 ~ ui\ al II () 

the topmost part offig.4) having large ph llo'r).L of pI agio cIa 'Ie f u.ct .eL UIlIIllI.! 

for nearly 40% by v lume of the roek The lower part of thi . 

domain of big boulder. .et in highl\' rod cd ma. hi. 'ugllcssl Iha 11ll' m t!11I<t \ a 

homogenous in nature Away fro I J the road. he unit ,hibi!. a !len'l elil t\1 i 'al 

shield volcanoes reflecting that the di tanc f flov. i much t!real r than Ihe hCluiJt r 

the \'olcan ie edifice. Large phenoery. I. f pi agio lasl l11a) in iL[Jtl hallt \ "= t: I 

fractionation 

-: 3Kotu Gebc~'a 



our to five thin ignimbritc unit-, ea h 5-6 m thick arc int 'rc<1I.11 0 \ ilh .t h 

5).The fact that there i ~ a ma 'imum 0 m hi I.. ignilllbrik c ntainin . ral I l 

makes the xposure dist inct from th unt leo 'I h' i ·nimb it 

form st ep lopes while the a hes [onn a g ntle I p 

The observation that there are everal n of ignimbrite ound n the plaleau 

simplifies and divert the previou impre. sion f the i Inimbrite abOve Ih' I \\ r basalt 

being controlled by an older tectonic pha e( eel ion ~ .2) It gJ\' no\\ a m rl: PI' )babll' 

picture of erosion(denudation) proc s rather than t tonic. pla_'in~ th r It.: I ILn t.. 11 

. eems that a denudation process might have removed all ut t\\O or nc unit of 

ignimbrites at some places on the lateau as r mnant to be .cen at valioU" lelicf 1 hi . 

last hypothesis i also trengthened by tbe trapezoidal m a feature of Ih H.:.nimbriw 

seen in the field . 

3.4Western Rift margin at Balebi 

The Balchi fault 'carp at 1h VI' . tern ll1arglll f th' j 'orth III j 1ain I ~ thi I. n Rift 

with its approximately 200m height has e p . d di~ r III \ olcanil r 1... 'I hl \\h 

escarpment exposes alternating equ IlC ofba ails and r'l .. i unit. (l1~ 6) 
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Fig. 5. Stratigraphical log at Kotu Gebeya.See text for description. 
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The ba e f the ca rp i y n l ph~ 

natu re n ea r the contact \ ith the ·\.:r\ ying 

rhyo li te ,a he and fi amm e ri h i r I un at he t p 

rra tum .A rhyoli te from the bOll m 

Ma. The felsic un it is ove rlain by a thi 

rhyo lite domes at its middle part.Th ba 

bait \\hlch arc in rudcu by 

he rhy lite I \'a d m re 

ves icular and feldspar rich wherea the ne ab \'e arc ec n 

spheroida l weathering. The thick unda ted ba al ti equencc i 

fi amme rich ignimbrite. 

The whole stratum desc ribed ab ve uncon~ mlab ly v rl 111 

c hibi 

rlain b) 

ignimbri te .This capping ignimbrite i qui te e ten i c.lt i th unit n \\ hi h the t \\ n 

of Ba lchi is fo und and extend t the 0111we tern <thiopial1 plateau 

Descrip tions in 3.5 and 3.6 hold for ction al n ill hc 

immediate south and north of the Ke em. 

3. 5.South of Kess em 

The volcano stratigraphi c un it ex 0 d by thc deep 11 on lhe e: em I1d 

by the new road to Arer1i northea t thc alchi arp( c ti 11 ) pi \ Ide C\' 

ex posures for deciphering the v I an te t 111 \' luti n the r ht.:m 1.1111 

Eth iopian Rift(Fig.7). 



c 

d 

o ~ r)oj I 

'4 
(2 'E 

:::0 -20 

I· 0 • '1 

• • 0 _I 

~
. ; 

o 0 .~olm(.~rix_ 
• • 0 'I s I lopon8 

i' 0 bc'ul er 
I" • ie< 'lIglorn 

o e" : :? 

. j 

r-':iU 

E 0 1-19 
~---I,, ( 1 5 SE) 

~D 
~ 

-~ -- ~- l) 

ua --a I' seQ III d 

38 

Oi 
j S 

D 'a" 
I I, to 

Fig. 7 lraligraphi log l)lIlh I I lhe ..... t: o:m r/\ ~I t:l 

IC.x1 for dc ri[lli n.R c s coliecleJ 

F r d ling arc I.lbclled.fl r in~ ta n t: I 0 1·1 \) 

I. is ag obI inc r m L ~~ l i n . Cl JI..~() )~. 



FrOIll 141 m to an cleva i n l) I Om hI,; unill( ht: oUlh 

dom ina ed by an aphyri c ba nli. pi 

interca lati on and th in layer , d iIi nill ).ba .tll ()\\ 

an unco nformity, at 1450111 elc\'a i n are al b Cr\ t:u 'r he bottom of 1111 

compri ses an interbeded rei ic l! li t en rp rating gil,;)' ignlmblllc ullderhllll ~ III 

aphri c highl y \\ 'eathered ba alt. 

The success ion described abo \ e i tectoni ca ll y a e cd by . 'r - rcnd il1!.! faul .1111 

ex hibits va riab le strata dipping to the uthea t( r in t, nce,2-:I: and I - I JII: 

sho\\ 'n on the secti on) \\'hich \\ ' i1 ~ b disc u ed fu rther, 

The tecto ni call v and 111 0rrh log ica ll y di ti nc ba It d minalCd unil 

unconfo rmabl y overla in a thick u e::; I n ,1111 

co nglomera tes, .'~lthough paleocment recon truction i" dini ult il1tLI '1(1111 lhl 

fluvi al depos il. at places a nor:hea t lire ti n em pI' bk I hi: IlU\ iill Ilal.1 

suggest that tri buta ri es of the K ssem ri\'er like \\ ila -Wila \\Clt: t1bmt: 1-lC)On 

ele\'a tion before they cut deel' through bott m eq uen cs ,nd llalnt: I lh t: prt: ... t:1I 

ele\ 'iHion, 

O\e rl ying the flu vial strala,th:-re i a thi ck L1C e ' i 11 (r i!..!nimblitt: or 3 - In I 

Ukstins er. al., 2002 ) in lurn o\ c la in by an a h layer.Thc 1\:I~it: unit i (ncri:1111 I , I 

thi ck seque nce of ba alt ha\'in; .1 t place cOllg l ll1 t: ratc ' and LI it.: ill \.:1~' "I.l ILi I I h 

top of this sequence is seen to ;' c afG cted by 111 , II .... It: fault \\ Ith di I In 'cm ' l\ 

less than 5 111 as es tim ated i'r 1:', he: heigh t r thc '<lu lt ~cal( . 

9 



1, . ) . I 'onh 0 Ke 'em 

The li on nanking the b tt m n nh of Ke ,tlICI n 11111 • 

e quence f fe l ite and ba alt '(I ig ) I he ba c or he "l' Ion I ' tel Ie ll llI lill ie 

o 1-3a. an a ltere gr y ignimbrite, ha lid cd an a!.!c rio. cl lie I 

\ . rlain by an aph )ri e ba alt Il hi h I ~ da ted .lt 106 . la ( l 'k tin cl al. _OO_) (h­

eun-em y unge r age. 10. -1 . 1a . ' ont rad i ' ts I\ lth he IOJl . la due to il I .t Il '1,lplll' 

p o sit ion. Thi s mi ght be duc to the altered na lire r 0 he Jmpk ale 1 \1 hieh I11I t!h 

ha\ 'e uffered Ar 10 s .. "era ging the tIl g l\ e~ an age) I): la I\hich l\lllIld be Ihe 

most probable age for the unit belo\\' thc un onforll1it )' in Il g Thl.! 10.6 ~ I a basalt i 

unconformably overl ain by ano her G h oroll p.'( hc I \canic ab IC Ihl lei i ' gl(ll'l 

is dom ina ted by ba ailS and e ng il mc ra tes Iin ugh ' I11 I.! ) ' the:e Ion I ~on cakd I 

ta lu s . 

The I\'hole sec ti on de - ri b d abo I 'e b III IVhologi all y tl nd tl.!C (lni ' al l~ til tinct :t nl 

IS qu ivak nt to the base of the I I a n i'~ de,c ibed ill e ' Iilll) \ -(ll'II\l'C ) 

ele\"(ll io nsl I 111 andl-l90 m) ~ llll h ofK c:> . cm.·1 hI.! unl sa "e 'U \)\ (· -tll'mlt n.! 

fa ult ex h ibiti ng I'a riablc trala di ps I ) Ihe \. and art! appl \1I11J td: 0 10 . (,1 (h '_ 

a re in rurn ol'e rl ain by a I'cry gCJ1l I ~ ' dipp ing ~t ra lum Ih t.; ba I.! l,f \\'111 h ;. Idlul ,In ag 

o f 3.2 \1 a .. ..\n il11 rlanl magmatIC hi allls.tIH.:rlC rc,e.\1 l. In Ihl ,1Iea n h' . (lllhc II 

, fain E thi o ian Ri I b 11\'ecn roughl y 10 and 3 . la. 

JO 
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3.7 Tach Danse Ma riam 

The sequence here i dom inated b b It and c mpn c cl 'ic unt Ii c 

ign imbrites,ashes and rhyo lites near the ba e( -ig. ). h ba alt \ cdying the cI ic 

units are a phyri c and scoracious .Thi meli me highly \\ cJthcrcu 

basa lts are in tum overl ain by another aphyric ba alt.The c ma 

marked by scorac ious interca lation indicat in Q a rapid cxc tru i n 

Cl wccn the t \\ 

is represented by a plagioc lase phyri c basalt ometime hibiting raci u na urc at 

the contact with the underlying un it. The two top pan of thi equen 

a rhyoli te. Rhyolites are more abundant as intru ion in thc I p pia i phyri 

sequence.The whole succession is seen in the Dan e I ca li ty f lh Bul r 81 n. 

3.8.Keradi Scarp 

Away from the escarpment towards the Main - thi pian rift n r th Kerad i regi n 

fau lt scarp has exposed a thick succession of ba alt (Fig. I ).TI. I thr c I \\' 

basa lts are separated from an overlying fo ur to ix now ba alt by a thin < hi yc • he 

flows as a whole are more than 80 m thick and are unc n rm bl 

layer of clast and fi amme rich ignimbrite. a he and Pumi c. 

top of th is fe lsic unit has yielded an age of 2. -4 :\lla. and i 

crl in b ' lhin 

< ba ' I no\\,. 
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3.9. Metehbila region ( orth of Kessem) 

The description holds for the vo lcani c d I ng Ihe r a etchara -

Metehbila north of the Kessem river. 

The whole sequence is dominated by a fe lsic unit om pri Ing h ,ignim bn te n 

rhyolites(Fig. 11). The base of the section i a ba all owappr ximately I m thi k 

overlain by a thick succession of fe lsic unils (lgnimbrite ,a he n 

comprising strata dips to the southeast. T he b a e ofthi fcl ic un it mple 1-

42.has yielded an age of 10.0 I Ma.At place , thi fel i unil h ba alii 

inlercalations.The thick felsic uni t is ove rlain by a ba all \ hi h in lum i c pped by 

another felsic unit.The relationship between the capp ing fel i unil n the underlYing 

basalt is obsc ured . Sample EO 1-40,grey ignim brite wilh cia n \\ hi h CI hbi le 

\·il lage is situated ,has yielded an age of 6.62 Ma. 

3. 10 . The valley filling ignimbrite 

The fact t hat this unit is c ontinou and undi ru ptcd at Ihe uth m K m nCI 

implies that it 's deposi tion of post tec toni c pha e. he uni t a \\'h II! he 

of edi ment -ignimbrite - sedim ent and i ar und 4 III Ihi k r 111 the ri vc r 

12). Fiftee n meter thi ck sediments ha\·ing inlercal ti n gr, \ c1 and b ul kl 
,. 

overlain by a massive ignimbrite of around -- mcter Ihi k . hi 111 - ' i\ i 'nimbritc 

grades upwa rd into a 3-5 111 a h . The topmo I un it n ilU t < 1:- _ 111 thi k g l ~\\d 

.. I ·d I h m ' I \ l: I 111 m rill.: and boulders \\·ith an interfingerin o ash L1ll1t In t 1 ml c. 

generall y continoLl s along the ri ver \ herea Ihe dimcnt i lim ited in C\ l:nl. 



The va lley filling ignimbrite doe n' t have a much I 

a -s trending west dipping fault in a we leri y dirccli n I ng the c c . 

Away from the fault a basaltic dike of 33 , r . ,7 
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3.1 1. Metehbil a area ( South of Ke em ri r ) 

Thi s refers the volcan ic product exp d outh the e. em rivt:r in hI: clchbJl 

area . 

The base of the section at thi loca li ty i mad up ba II an ign imbril (" i' 

13) .The basa lt at places shows baki ng effect on Ihe ignimbrite \\ hi h illu he 

continui ty between them.The ba alt and ignimbrite have a ge ner I ti ltin!! 

and stri ke roughly North- East.ln tectonic terms they are quiv lentt he 

section described in section 3. 5 and to that of sec ti on 3. . he the v l1Ie 

sequence has a series of altemat ing basa lt and ignimbrite h ving an 

in terca lation of altered rhyol ite assoc iated with the ignimbrite . unt r I 

about 60% by volume and the ignimbrites for 40% by v lume thee ped r \..: 

Felsic dominated volcanics expo -ing basa lts in faul t carp r t un n rma I n 

the underlying volcanics. They generally are subhori zon tal. 

3. 12 .Melka lila 

The Me lka j il o town is locate in a graben.The G twall n ither . ick he 10\\ n 

hosts sma II calderas. The bottom of the ection(Fig. 14 in th i I a II ~ I. \!I C 

. I - th O k T111' gr. des Ll \\ aid illl \\ hile med ium gra ined pumice fa ll approximate y mi . 

pum ice fal l deposit about SO III th ick contai nin Upl _ 111 in i,lnl\; It:I " h > 

size of the pumice clasts sugge t- that it i erupted r 111 the illl Ie nearb,. 

- I' k e hi ghl ' \\elde i lnlmt nte. 'he The above units are overl ain b.' a I mIll ' 

ign imbrite is clas t and gla ri ch in a r u hi ' equ I pr p nl n 
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The olcanics describ ed above are ul makin J U[ th 

the graben the Melkajilo ri ver ha e.'po ed a I m lh i k \ c'th red J y i J j rit\; 

overl ain by a 2 m thick alluvium cobble and p bbl 

Fig U. 
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The secti ons desc ribed above and the rl r da c· I bl- I 
. a c ) I ~ lcr \\ Ilh r lit 'r , hi 

and lithologic relat ioshi ps help to e tabli h the 
\\ In ' m j r hrollo/I)n' 11111 

the studied a rea.The Chronozone are elected ter 

section and after the dominant roc k type in the grou p.Wh rc Ihe r~ Ie lI ndilkr miak 

volcanics the name group is applied after the loca li ty. 

3. 13 .The fl ood basalts(>26 Ma.) 

The oldes t volcanic rocks(a) in the stud ied are arc a izib inga} ( c ti{ n 

3.1) ,Shibeji Gebriel (excepting the topmost pagioc la e-phyri b II ) eC lion _ _ ) and 

·Kotu Gebeya(Section ·3.3).1n the Absence of new rad i m tri c ge it i relt up n 

previous works.According to Justin-Visent in et al. 1 7 all Ihe -e unit . rc oilier 

than 13Ma.KlAr age determinations in the Ke sem any n by the 

authors yie lded ages of 23.4+I-O AMa,15.6 I-O .3 M an 1 .1 1-0. I 1 \Vhen 

conversion factors of Dalrympe (1979) are used the ab ve age wi II b re < I III tcd 10 

give 24.01Ma, 16.01Ma and 13.4..+ Ma. 

More recently, the A1aji unit( the basa lts and Rh yo li te ) i th~ 11 

basa lt seri es. The top of thi s fl ood basa lt sequence ha ielded ge 

Ma (George ,1997) . In li ght of this, the more th n I. ~ m th ick e llen c 

basalUianimbrite at the base of Lizib Dingay and hib j i 
b 

flood basa lt sequence having an age of more than 26 . ~ I la. 
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The base of thi s flood basalt sequence i e p cd n ilhcr il.ib [ in' y 

Shibej i Gebriel. However there is a I'ep 11 h ' on t e pr en c ilt ter J 

sandstone layer underlying the fl ood basa lt eq e . I' 
LI nee ' r e VI' I ,I 0) 

3.1 4.Bulga Basalts(Approximately 10 Ma ) 

The volcanics that fall within thi s ehronostratigral hy arc D und(d) t ee ti n ,6, he 

base of section 3.5 ,section3. 7, the base of sec tion3. ll and th b .9,Th rc 

are no radiometric ages for the base of sec ti on 3. II .But it i intend d t la. i y it 

wi thin this group because of its strati graphical and tectoni c imilarity .The ,me i rlle 

for section 3.7.The topmost part of section 3.2 al o fall wi thin thi 'r up,Th l pm t 

part of section 3.7 and section 3.2 is plag iocJase- phyric ba all. 

Time correlative :units are Anchar basa lts of Kazmin (19 0) and ur ,he 

Woldegebriel et al.,1990. 

3. l5Balchi group(6.6-3.5 Ma) 

d·fr . d I ' lit (I nl m rite · , l hl:· The Balchi group is represented by un il erentI at e 1 LlI 

and s·ome rhyolites) and basa lts. They are ex po ed( ) d al hi 

of secti on 3.5 and top of sec ti on3.9. 



The group rests unconfon11 ab ly n the Bulg~ b - I - 1 h bl . 
u • C itn 'c 10 ' 

th is group is a clast rich ignimbrite lIncon~ rm bl erlying the I m Ii mill _II II 

igni mbri te .Thi s clas t rich ignimbri te i al 0 ob eryc t the p 

Yohannes gorge northwest of Ba lchi .Time corelali,' unit. rc 

Ma) of KlInz et al. ,( 1975) ,Kazmi n et al. ,( 19 0) . B 1 hi rh~ lite r Ju lin- i en III e 

al. ,( 1974) and Butajira igni mbrite of Woldegebriel d aI., 1 O. 

3.16 Keradi basa lts(2. 5Ma-I .8Ma) 

It is exposed by the Keradi fault scarp in the keradi area.Time rrcl Ii, unit are 

Bofa basalts of Kazmin et a!. , 1980 and Chemet et aI. , 199 . 

3.17 Melka lilo Ignimbrite 

The absence of radiometric age fo r thi s group make it diffi ult t delermine it · 

chronostratigraphic range. Hoever,its presence on the ri n r n pr . imil 0 

the Kone caldera gives a clue of younger volcan ic ac ti unger han 1 

Ma) . 
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The fl ood basa lt compri se ba alt im rbedcd \\ ith cl ic unit (i 'nilllbn 

rhyo lites).The top of the uni t i repre em d y an i nimbri t! / h o\erl~lin b 

porphyrit ic basalt.The bottom of th i unit i cen only in Ire m ut c po lire 

are tributaries of the Kessem ri ve r.Sometime \\ e rin 

covering an ignimbrite/ash. 

The studied area in the vicinity of Korema hi mapped( Ig.1 -) a fl o b · It (99) ) 

in aerial extent ).This is because at some pl ace the Bulga b It ' arc cell t CO\CI the 

ignimbrite.The remaining 1 %( Aerial extent) ac ount or the ulg b all 

The Bulga basalts have a widerspread occurence in the tll Y , rea( Ig I -) I hI.! 

highest eleva ton (approximately 3400m) is attained b un er p I, gi 'I c-ph)li' 

basa lts of these group(Fi g. 16). To the northwe t and thi e k(lIehke·1.! 

peak) the volcanics have an assymetri cal di tri buti n. 

covers most of the Metehbila shee t and extending a far a ny n. 

The contact between the flood basa lts and the Bul ga t,; ident In IlH t 

Northeast directed tributaries of the Kes em. en r Il y,i t n e i th t Ihl.! 'n>lIP 

has a widerspread coverage of the shldied area north th Ke em ri ve r 

. . lire In the lea The Balchi group shows ex ten lve exp 
lith 0 the Kc I!Ill 

ri ve r.This doesn ' t mean that there are no e p UfC ' 
hc Ith r the 'c III 



river.There are limited pockets of Outcrop in th area n nh 

villages of Bulga for instance,Dodota, oben ae and the 

are located on this group(fi g 1 S).The termi nu of thi at lying 

Kessem river defines a roughly Northeast trend. 

The largest felsic centre of the study area,ML Bokan(F i . 17 , i I ca 

the rift on the Balehi plateau.This centre attains a height f2 70m ele 

it cI 

I h 

in the Shenkora Yohhanes gorge, the top of the Balchi group th icken 0\ rd Ih i 

fe lsic centre . 

Toward the rift floor, there are other fe lsic center of int re L he cm r ar 

located 'between the Minjar and Keradi fa ults.The center are alighned r u hi 

SSW(fig.1 S) . 

The Keradi basalt are exposed by faults in the Keradi area .The al11 C 

pecu liar to the Keradi ridge and nearby fa ults.They are not exp d el c\ herc in Ihc 

studied area(fig . lS) . 

Scoria 't'6n~'s 'ate' f~Uhd north of the Kessem ri ver and ar r IW di . tin I 

areas.One is in the southeast and the other is in the rth nl! III 

the fie ld have preserved their morphology undi turbed by an 

To' the N011hw~st and Southeast of Melka li lo to\ n the nearby 

Awil e ar~as are felsic centers whi ch are pos ib le urc the Ika Jil i nim Ii '. 

These centers are found on the footwall of Cault found in Iht I re .. 

S6 



ample Longitude Latitude S:J ll1 pl 1fJ/ \ I q,\ , :t ' • 
-

de cripti " 1\1 . 

EO I-3a 39.5653 9.0393 A ir r d 'r ' ~ I .4 

ionill1 bril 

E01-14 rhyo lit 4-

E0 1-26 39.6325 9.0017 19nim-cla t -
2. 4 

fi amlll 

ET01-HS02 573760 922857 Cia I ri ch 7.9 

ion i III b ri I 

ET01-HSOI 574097 921736 Alter d or ~ . 7.807 

ionilll bril e 

ET01-40 39.5428 9.1783 Grey 6.62 -1 

ignim brit 

\\ ilh c1 :J I 

I ET01-42 39.7253 9.1383 Fel it cia t 10.0 1 

Below 

I un co nf r l1lil ~ 

Tab le4 . Ne '" ArlAr ages in th e north ern maIn Etillopl an Il ft.~ I I fI ll " .1 r 

al 0 plotted on th e stratigraphic logs. 



lle hkese Peak 

12.4Km o 

KESSE\! 

N ~ lAF 

BAF 

w E 

s 

~ [:J J"- WE. 

Bul .b 31t 

- RI 
R 

1\ IJ IR 1.1 btl " 

To Kotu Gebeya 

. [IJ" r .II Il: kill group II ~ 
o- R II\U 

II hm , 

J -IS 'I-: 

APBG 

~fA 

SKR 

SAF 

l\L4F 

\[RFF 

Fig 15.A g ner:llized g<!ologi 1 
~ I np sho\\ing the di Lribulion o f 
chrOnOSlrnligrnplllc unl orth· 
\\~ tern p.n f 'onh m min 
Elhi pl:tn nil 



WNW 
J I 

'v\ 1\\ dip Ing 

Fig16 PeakoftheBulgaba-aIL(llehke. peak)lh · lri . llll)I~lhan ;to 111h 

topmost ofthi peak is pJagi ocla phyric basalt ,hi Iti llL a \\ \\ dil 



Fig] 7 The Bokan felsic centre. Photo tak 11 al IlU thl r) d. h 10-

Kessem river. 

ni 11 Ih 



Chapter 4 

Structural outlines 

Following is the description of general strucrural utl ine Iha Ie in h 

Western marigin of the Northern Main Ethiopian Rift. F r Ihe 
n . h' 

description is di vided in two parts. These are north of Ke em nd u h Kc cm . 

Wherever possible throws a re est imated from eli placed rwi e minimum 

estimates are given from the height of the fault scarp .A II f the aull in the lUdi d 

area are normal faults. Wherever there are promi nent fault 0 

and/or displacement, they are na~;ed after the locali ty. 

4.1 .No11h of Kessem river 

I ng h 

In thi s region the most prominent structure is the IIheke b rd r ault. It I ' 1:-

trending,ESE dipping and has a maximum throw of 150m. The au II de I ped nea l 

the peak 0 f t he Bulga Basalts which ri se to 3400 m Ie ation(Fi . I Th u 'h h 

fau lt scarp is moderately eroded,the amount of dip i e ti m led I b > 6 1 •• 11 IJllc ' 

. I 30° T tl rtll e I Ihi aulllhcll,; < I C strata to the northwest \\'ith approxImate y . 0 le n v 

very closely spaced faults with similar trends,dip direc ti n bUI ha\' in thr w 

than 15m each. 
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or I I 

Fig. 1 < Fault geOl\letric 
Similar to Fig. 15.Barb II" d \\ nthr \\n , c. 
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In the northwest and southeast of the lIehke 
ul alii in • 

di ffe rent orientation. Commonly. it take up a 1 

strata to the SE. It is more developed to the uthea t 

Faults nOIihwest of the Ilehkese border faul t area, ha i pia m n 

Fractures and lineaments associated with thi y tem 

streams as evidenced by the flow direc tions of the tri butarie the Kcs.em 

I () h ' 

One stream of interest is the Kurkura stream which eparate the n d b •• It I n the 

nOlihwest from the Bulga basalts to the southea t(Fig. I ) .. In thi I Ill)' the ream 

demarcates the boundary between the two ba al t . 

The fa ults southeast of the border fa ult are Ilumer u , I el pa e and e ep 

some they are short in length .One prominent tructure f thi t pe i the 

fault (fig . 19) in the vicinity of 1'-1etehbila .Throw of th aull 

they generally dip approximately 70° to the north\ e LTiit tral n I 

variable from subhorizontal to approximately 300. me b 

the!:>e structures.Apart from this,\ fN E-trending,E di pping aul re t: n 

ridge crests of the southeasterly tilted Bulga Ba alt in the area 11 h f Ke · cm I IH: I 

but they don ' t ha\·e significant separation 

Additionally,north of the Kessem ri\'er, ther rc me 'tru t \\ it h lall Ct.: 

d F I tl ' ri nt. I 11 I t: b CI c.: III orientations ofNW-Se and N-S tren . -au t O ll 
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the Gobensae area developed in the Bul a B 
II . In Bul· 

Basa lt is exposed ,fractures and J'oint of Ih . e e nen n r~ eeo 

to E- trending structu res as ob erved in Tach 
uru \\ hi hi· he n 

of the Bulga Basalt. 

4.2.South of Kessem River 

4.2. I .Balchi Area 

In thi s area the most prominent structure i the Balehi b rder ault( I'i' I') II i 

l\fNE-trending and dipping between 600 and 70° to E. m Lint dip In lea C in a 

l\fNE direc tion along the strike of the fault.Di placement arie I nl! Irike \\ ilh < 

maximum of 200m in a NNE direc tion.ln contra t to the II hke e b rder Lilt. ilrp 

faces are not that much affected by erosion.H owe\· r,n kinem ti 

found on the fa ult surface. The fault has a length ofappr ximal I II m . \\<1 ) Ir III 

the border fault to the northwest,there are small ca le ault imda riell Jlion hll 

with displacements of less than 10m. 

In a southea st direc ti on from the Balehi border faLll1 .th r rc tllll:!c lilt I ImilM 

orientation as the border fa ul t.These three fault arL e h < PI I Imalcly "m 1)1l' 

and the i ntervening di stance a mong t hem and thc b rd r lilt i . 

K111.Two of these faults, the closest and the fanhe t t the I hi ,HI I .hl\' 

max imum displacement of 100m.On the contI' ry th t: mid Ie ne htl il m I llnum 



di placement of 200m.A ll of the in trarift fault h \'c 
m Imum 

midd le part with decreasing di splacem nt t d h ' . \ ar t Ir Ip . 

The stratum between the border fault and the fi . ' f Ir I Int an 

northwest. Other strata flanked by the intrarift fallil 'In Ih cr" ~ rc n I) 111' 

4.2.2 fCessem i\rea 

Thi s. description holds for the area south of the Ke em ri\'(~r Ill ic 

Minjar,i\dama-Dire Michael, Gewgew and Lay hoba rom \\ e' ll e I. 

The above mentioned horst like features are found n the a\'er ge _ Km from Ihe 

Kessem ri veLA common fe.ature of thi s inte[\'ening di Ian c i Ihe r - I -

. trending,~rw to WNW dipping faults that rotate the trala t Ihe - t: and , I 

The i\roge Minjar area(fig. 20 ) is bounded to the \\ e t b a , "-Ir nun '.\\ \ 

dipping fault a.nd to the east by a Nl E-trending,E 

each of these two faults is less than 20m. NE to E-n·endi ng. \\ 

minor faults are developed between the two bordering aliI! .Thl \\ n Ihe c f:lltll i 

less than 5 m and gently tilt strata to the ESE . . 

The Adama-Dire ' Michael(Fig 20) area ha to Ih \\ C. I a I II 'n hll' I 

, dipp ing fau lt and to the east a fault of sim il ar 

the nothwest . 
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The Gewgew area(Fig. 20) has to the ea t a . -lrCn In ', I- I· ip in' 

lhe West a fa ult of similar orientation Max im um di I c m n 

fault is 100m and di splacement increases toward the aull li p In r (~_ ire Ii n 

The westem Lay Choba area has to the we I a '- lren 111' ,V \' dip in' 

fa ult and to the east a similar orientat ion but ppo itedly dipping faul . 1 he ea lern 

Lay Choba area has to the west a N E-sri king.\ 1\ dipping ul! .'1 lhe c . lhe 

area has a segmented system of NNE-trending,E " dippin 

boundary descends in at least two steps. Maximum 10lal di placement n Ih i fault i 

400 m.This fault is named the Kessem border fault(Fig. 21 .l 1aximum i pi cmenl 

on the westem boundary fault is 80 m. 

The Lay Choba area between the bounding fa ull ha e m 11 ' It-lrending 

faults.The faults have variable dip directions but the di ping nc min e 

over the ESE dipping ones. 
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Fig.21 ShowinQ fault oeometlie in th G \\Q.e\\ nd ho 
fig.15,eastem pali of cAR .Le~end are til ~ am a th 111 I (f III 
the valley fi lli ng igni mbrite not shown in (i Q. 15 due 1 thl: all.) II \\ I 
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4.2.3 Melka lila Area 

The following description refer to tl r I ' . le laut Inlhc\1 

town. The discussion is made in two . 
ec tlon : The 1inj r ult y tern an I th 

lila fault system. 

4.2.3. 1 The Minjar fau lt systems 

Three faults approximately 2 Km apa rt with a inu u gc m CII) cllOg thi 

fault system. Maximum di splacement atta ined by th e fault m. 'I he Pill I 

are generally 1\TNE-trending ,mainly ESE-dipping. ome 0 th ault r a mpanie I 

by WNW dipping faults(F ig. 22). 

4.2 .3.2.The Melka lila fault system 

Here ,faults are closely spaced, on the average OO m ap rt . II lhe fllUit lie 

NNE- trending but vary in dip direction in I ng[h n m 'nilude l I 

, displacement(Fig . 23). The longest fault are --dippin 1 an ll :'lI n lgnili .In 

displacements . Minimum displacement on the e , dippin au ll i Om.1Il 

maximum displacement is 200m. Amount of dip va ric [\\ C n 

bet\\een these faults, there are some WNW dippin ~ lilt . Th \\' dl pin' 1.1lI1 

are short in length and displacements on the e fault ar I lh n - m. 



.tI / .. 
" 

Fig.22 The Minjar area fault and aligned ft I ie e nlr . x r 
from Fig.1S(MAF) . All are de eloped \.\ ilhin th 
group .Legends are the same a fig. I exe pI black 
represent felsic centre within the Balehi or urBar Ih 



Fig.23 The Mel ' a ji lo faults extracted fr m \~ 15 ( I F 
same as Fig.1S. The black boundary P ral til h.el dl 

other volcanics. Legends are the same a. fig I tI 
downthrown side. ~ 
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4.2.4.Sabure area 

The Western part is flanked by the K e em b r r ul In hi 

continous and attains maximum di splacement 0 m. I \\ Iche Irom 

concave- facing the rift along strike. n equentl ,i rientat i n <II 

bet'vveen NNE and T trends.The structure cro c the Ke . em 11\ er 11 mb.1 

system of intricate faults at the rift fl oor. 

The rift floor in this area is di ssected by a d n e y em 

trending,mainly ESE dipping faults(Fig. 24). A common eature t m 

is their curved outline and the west to northwe t rotati n 

I. 

he . ul 

direction of the strata varies along strike of the fault ~ II win it lIl\ ature. 1 he 

immedi ate south of the Sabure area fa ults the Fental aldera rc um sa :lIb-la i udn,1I 

elonga tion elongation(Fig.!). 

4.2. S.The Melka lilo rift floor 

Most faults in the area are long and 1 E to 1 -trend in W t \\ ' \\ 'ppin ·:1 h ~ 

are di sposed dextrally to the Subure rift fl oor fault .Th r I n \ iden 

the surface marking the dextral transpo iti on .Fault Ihc . lcll\aJd III 

northernmost end by splaying aga inst the li ne f 
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dispos ition.The Kone Caldera i found within lh i ul y tOl 

western rim is breached by a N-S trending f ult(fi . 2- ) 1 he i .in II ' 

caldera seems circular. 

4.2.6 . Hageresisay fault pattern 

At the eastern margin of the northern main Elhi pian ri l. h 

fault is NNE to E trending,\\'NW to north dipping(Fig. 2 ). 1I1 ( 

400m is attained by this fault.The intrarift fa ults in thi regi n a c ho in lenglh.1Il 

dip variably to the east and \'·est. 
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4.3.Along strike Tectonic aspects 

4.3. I .Border faults 

The Balchi border fault south of the Kes em ri\ r i lhe me nell all n h 

f1 ehkese border fault nOJ1h of the Kes em ri\·er. Th 8al hi rdcl aul ho \ \cr. I 

located approximately 9 Km inward to the ast a 

fa ul t. It is developed as a scissor type fault and no ntinuil 

across the Kessem river. 

4. 3.2.Intra rift faults 

Along strike relationships betweem the Salehi area fault 

lhi · lilt i 

Imllal ,lUll 

located near south of the Kessem canyon reveal lhe ~ II wing. I h rc is n dire' 

continuity of faults of the Salehi area with lho e l f lhc Ke Clll 

canyon.It can be said that in a northeasterly dire Ii n lhe I hi , r , ( lI11 be mc 

less we ll defined, their di splacement decrease and ar 111 ( 'i.lled \\ Ilh 

WN W dipping faults. Comparison of the fault lhe era I I e. \\ ilh Ih. l( 

Gewgew and Lay Choba area more or Ie a ume d fi n ntil1ui ). 

7 



The NNE trending,ESE dipping I't 'r ran t lilt a 

ri ve r except some exceptions The al'ea h f . non 0 Ih Kc em ri\c r i 

west dipp ing,NE-NNE -trending faults. 

4.4 .Across strike tectonic aspects 

4.4.I.Section A-A '(Fig. 21 ,Fig 15) 

The Bulga basa lts area tthe base ofthi sse ti n(fig. _ )ccn i n the r> • 

section the units are tilted to the WNW and E E by N 2 - _ I ' - L 'Iriking n mlJI 

fault. The basalts account for 60% and the fel ic unit Ignimbritc. ,nd h) 0"0 l) 

volume of this unit. The unit as a whole is more than 20 m Ihi k .. 

Unconformably overlying the Bulga Basa lts, the Balchi g-r lip dip \ e lcntl ), Iht: 

ESE. The valley filling ignimbrite fl anks the ec tion t th n nh . i ), , } " he ep il 

is continous and undisterbed by any tectonic movement. 

A tec toni ca lly coeval unit to the north of the Kc m ril cr i ' . ' lri Ile I I 

associa ted basalts(shown in the x-section)(Fi::: '-,Fig. I).' hi lIl1lll mllll.: liald Il r h 

of the Kessem assume a typical cone geometry \Vh re I \ n ws 11 !Ill.lll ) Ir Jill II 

centre undisturbed by any tectonic pha e. 

T he \VNW dipping faults are the first to b d \' , ped n hI: I I Bul I 

(' I \\' '\\' PI Inl! ul \\ basalts and rotate strata to the ESE. nler I' reo t1 . I 

9 



after the deposition of the Bulga ba all (a pr 1m cl} 1 

developed. The ESE -dippi ng fa ul t are on thc ther h n 

-dipping fa ults and were acti ve duri ng(beca u e 

th ickens toward the ESE-dipping faults) a nd after t he mpla emco 

group (6.6Ma-3.5 Ma).Where the two fault 

Bulga basa lt strata dip decreases. 

10 r I. h 

All fault activity in thi s area ceases before the valley til lIn ' i nimb ile n 

scoria cone were deposited. The Lay Choba hor t in the " E c. rcm 

the Kessem border faul t.This fa ult has a displacement f , ppr .\im cl 00 m. r l) lit 

extreme WNW of the sec ti on there is a WN W di pping faul t.Thi \\ \\ dippin' .lull 

upon projection to the north fa ll on the Metehbila Cu lt wh i h i· Ihe 001: \\ .' • 

dipping fa ult tha t has the greatest length in the area fi g. I l.Thl · aull h een n.1I11 d 

the Metehbila fault. 

4.4 .2. Section B-B '(Fig 15,Fig. 19) 

The older voleanics,the Bulga basalt , are tillcd I the i r r II i in ' 

fa ul ts.Unconfom1ably overlying the Bul ga ba alt in the 

fault are the Balehi Group where in some ca e \\ th 'au It into the \\ 
, b 

I hb· 1 It III I e i '\ Ihi f.; e III II dipping fa ul ts. In the hanging wa ll of the r-,I ete I a ll . • 

·1 i fI 1I no 0 t II is 'r 1I • I he II I I I Ih I the Balchi group.The vill age of Metehbl a 

seq uence is dated at 6.6 Ma. UnconfolTIlabl underl 'ing lhi . 

o 
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gr up.the Bu lga ba alt are tilted t 

yielded an age of 10 Ma(fi g. 2 ). 

Vo lca no-tec toni c relationship here suggc t th 

fir t.An unCOnf0ll11ity separate the th 

basa lts. The Salehi group in the foo t\ all 

simultaneous with reac ti vation of \ 

n i 'nim 

ila ault rc 

ul 

described above is exposed by a W- trendi ng ull whl h i Ihe 

activity in the area . 

4.4.3 . Section E-E'(Fig lS ,Fig. 20) 

In the Aroge Minjar horst(Fig. 29) th t p Bal hi 'r up dip g ·Illi. 0 h I I 

res ting on an unconfomlity. Below the un on ~ mlity i Ih l.! Bul ' I Ha al 

the eastsoutheast affected by NW-\\ W dipping n ml I , ul n IJIIIl ' 

ESE.(F ig 30,Fig 31). 

". 

Between the topmost Ba lchi group and the un erlyi ng I ul '.1 I I It I lh h nl 

fill deposit having pebbles,cobble and bider ( i h()\\!1 I n •• 

to the ca le).Though paleocurr nt re n tru II n I' dl II 1I1t , II I I 

po ibl e to/infe r a l\TE-direc ti n frol11 th 

the Ke em such as y\ ila \Vil a 111 L1 t have had clc \ , II 1\ 
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Fig.29 X- section within tI e n rthern main Ethi op ian rift acr s the Ke em ri ver. See tex t for description . 
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ESE 

Fig.31 Photo taken north 0 he. , m n\' r (11 ng (h n i 

separates the Balehi group from th und 

photo the Balehi ~roup gentl~ dip~ (0 (h F- r Ie ... n' II ( 

ba air. 



B Ichi ~roul 

Fig.32 Photo taken s )u{\ or .. COl The Hal-hi 

depo. it The Iter i ndicat . th pr \ i 1I~ k\ i it 11 

K ssem) 
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., 

upto the present day channel fill dcp it 

the bottom to reach the pre ent I \' I. 

The roge Minj ar Horst is fl ank d y tw 

and • E dipping faults. The Balchi gr up a 

an age of 3.2 Ma and the bot! m Bul 

ignimbrite be longing to the Bal hi gr up h 

testi fyi ng that the deposition of the ignimbritc h 

deposit is conso li dated.!t can be aid ,thcr r . th.1 

approx imately 60m(in the area \\'here the - c 

section) th ick sequence of the Bulga ba alt in the p. st _ . u I hi I In 

by aN . 'E-trending,ESE-dipping fault . 

The topmost Balehi group at Aroge Minja h ni nth: c b III II 

trend ing, WN'vV dipping fault wi th mall dLpl ' ct11en 

from the reac ti vati on(Because they ha\'e in reued the li lt 11 

fi rst faults that affected the Bul_a ba alt . \\, he re\ cl , 'U h. 

Bu lga basalts 'inc'rea es.The Balehi r up I 

acro the Kessem river. 

The \ 'olcanotectonic relation hi\ 

dipping fault s developed fir t a lcr 

ug '(; tth 

a ).Thc e 

trending . 

n 11 

rJt.! 01 

_ dipping faul dc\cl pc .J r 
I lh I 

d illth' 

III 

n 



reactiva ti on of the first tec tonic pha edt 
an 1a rt: ul \: in in 

Bu lga Basalt. 

4.4.4.Section F-F'(Fig 15) 

In the section(Fig. 33) four faults and four block arc h \\ n I ul Ih B 1 tu 

border fa ult. All the faults are NNE-trending, dip ing. t·. ull 1 c. 

fe lsic volcani cs(Ignimbrites,ashes and rhyo lit ) all bel n ling to 

outlined before ,the Balehi border fault mark the un . . (I In 

Ethiopian rift(Fig. 34) . 

As described before, further NW the Shenkora Yoh nne 

of B ul ga B asalts 0 verlain b y the B alchi G r u . 

place thickens to the SE. Further SE,along th hannc 

silic ic centre(M t. Bokan) which might be a ur r Ih Hal hi 'r up \ 1 101 

products. 

Block 'a' gentl y dips to the NW ,,·herea the thel alc '.It. n I pi 

projecti on to the NE- a cross the K e em river a I C\c. I \\ 

NNE- trending and ESE dipping fau lt In the Ikhkc c tll ca \11 II) 

projections of fa ults 2,3 and 4 to the II al 

da ma and Aroge Minj ar near the Ke em ri ve . 

Presence of fe lsic center along the B I hi rdcl 

b 3.5 Ma(F ig.6). 
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Fig.34 The Balehi border fault. Photo taken along the road Balehi -AreI' i. he Balehi - rcrtl 
[ ry \~( til er road 



4.4.5. ec ti on C-C'(Fig. 15,Fig.1 

ection C-C'( fi g. 35) i the key area \Vh r he 

j orthem Main Ethiop ian Rift can be inve tig ted 

The approximately 1.5 Km thi k n d b 

basa lt .From thi s contact to the bottom of the Ke em liver Ih· HII 

widerspread coverage( fi g. 15) . Im mcdia t Iy t thc li th 

Balehi group rests on the Bulga Sa all un n 

contact is inferred between the fl ood ba alt and th Bul' 13,\ 

lIehkese border fau lt is developed ro tating trata t 

w- dipp ing faults rotating strata to the E arc dc\cl p 

the SE of the peak where these ba alt arc exp cd .l he e ault <lIC h 

ha\'e mostly small di splacement . ome tr am arc 1111 Ik b) 

Deve lopment of TN E-trending.E dipping ault pI , c 

tec tonic ac ti vity.As shown in the ec ti on th r dC\'cl pc ncar th 

tra ta to· the wes tnonhwest.They h ve a limi tcd \era 'c . 

Basa lt , the NE-trending,NW -di ppi ng faul t 

fault interac t ,the TN E- trending on 

al 0 cro S-CU I NE-S\\' fau lts and are th'lll 

I h h II I 
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Fig.35 X- section constructed from the plateau to where the northern main Ethiopian rift starts. See text for 
descri pti on . 
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The volcanotectonic relation hip in thi 

dipping fau lts are the fir t t be de\' I p d 

Then the E- trending, E E dipping ault · C\el p' 

4.4 .6. ection D-D'(Fig. I S.Fig. I ) 

The ' E-trending. 'W-d ipping fault 

sec tion shows that NNE-trending,E E-dipping f ult leprc en! h 

activity in the area.(fig. 36). 

4.4.7.Section G-G '(fig. 1 S, fig .23) 

The Keradi basalts are affec ted by -trcnding, • I - ippin ' 

di splacement of upto 200m( fi g. 37 ). In the Mclka Jilo alea , rell lin '. 

and ESE dipp ing faults affect the Melka Jil Ignim ritc.DI pi ernell 011 hi ull I 

approx imately 20m. 



fig . .> X- ection a llhe western 
margin of 
the northern main Ethiopian 
rift. See text for de cri pti on . 
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CRATERS 

Discussion 

Because of the complex structural relation hip 0 th tudicd rc 

difficult to show all the faults in the the cro 

faults north of the kessem river can't be ho 

Therefore, schematic block diagram are u ed t ,pi in th rclati 

structures in the area wherever appropriate An attempt i ) rna 

faulting phases with volcanic units. 

North of the Kessem river the ea rl iest te t nil.: pha.c In th' IU i 

NE-SW trend that has fractured, fault ed and tilt d Ih 

SE. As per the observation that the Bu lga a 1 Ilhe n oel 

, these faults must have first de eloped in Ih 

Basalts were erupted.Den ity of faultin) and dt. pi, 

bring down the flood ba alts a a road '01 II lincd ' I 

this,the Bulga basalt ar contin d b. Ihe Ilc (d h,\ II 

earlier faulting and te toni pha ~ in Ihe I ( 

deep gorges of the flood ba all 

and along NE- W directed tri ulari ' r th 

tectonic phase become mor pr n un ed Ill:. I h' IIh 

n 



SE-of the Ilehkese border fault the Oulg 

NE-trending, NW dipping fault whi h ' nti r 1 l 

This is also evident in the Kessem cany n within th ri 

However, the above mentioned faulting i n't th 

area north of Kessem. The Bulga Ba alt are al 

later NNE-treading, ESE- dipping fault of mall di pia OJ nt 

tectonic phase has altered the original dip 

mean that when already southea leri di pi n ' la 'r" 

tectonic phase their dips obviou I decrea b ppo it I t'l i II 

the cutting of the previou Iy titled Bulga ba all. 

of significant displacement are found outh r th . m n I 

The Balchi area fault ,fault of the rog 1injal damn-! if 

hoba and the Minjar fault system all d v I p d a I I th 

deposited .Most of the Melka Jilo faults de clo ed aft r th 

Keradi basalts. All of these fau lt ar 1 -tr nding L. I -iii I in ' 11 

with significant displacement found outh f th ' C: . em Ii r 

II 
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olcanotectonic Evolution 

Pre-tertiary rocks overlain by Tertiary ba all ar und in 

Western Afar margin, western margin of th central l;.R 

southern Ethiopia and the broad rifted outhw t m Ihi 

a1. , 1977;Ebinger et a1. , 1993;Ebinger et al. 2000 and Wold 

In the studied area(western marigin of the orthern main thl plan rif II' 

of the flood basalts is not exposed. If the discovery f ranca 1.li 

the existence of Mesozoic sediments beneath the flood a alt mi Jhl n ur II 

domi ng may have preceded volcanism and rifti ng in thi r gion , imllar 01 at! 

is documented in the central sector of the main Ethi pian ri t 

al. ,1990) 

The flood basalts of the studied region hay b en an' ct d c rlier ) II 

pronounced tectonic phase. Thi tectonic phase have d \ 

the flood basalts were deposited . There is no eviden 

before the deposition of the flood basa lt s. The arl icr Ie I )Ilic phl . 

basalts has resulted later confinement of the Bulga 

39). It is not known whether the contact betwe n th Bulg 

tectonic or not.Confinement of Miocene V Jean ie 

documented in the central ector of the lain f;lhioplan Iii 

polarity faults (WoldegebrieJ et. ai, 1990). 



I 

After the deposition of the Bulga basalt 
~ at ar und I la 

I 

treading, NW dipping faults began to act. Thi tectonic pha 

Basalts to the southeast before the beginning of the depo iti n 

around 6.6 Ma at the present south of the Ke sem ri er n th 

the youngest plagioclase-rich basalts were erupted, th II hI. 
uh 

developed(fig.40).The Anchar basalts of kazmin et. aI. , (19 0) and 

(1998 and 1999) are pre-rift . However, according to the pr tud he if 

correlative unit to the Anchar basalt,the Bulga basalt, is n-rift 

The BaIchi group is probably issued from the Bokan fel i nt I Th ) de 0 iIi 1\ 

thickest at the center has extended northeast as far a 0 dd t 

Burka and Metehbila areas in the present north of the Ke d II 

the SE tilted Bulga BasaJts( fig. 41). The Balchi fault arp ha d 

3.5 Ma and other intra-rift faults in the Balchi area d lop 

Ma.Tributaries of Kessem such as Wi la-Wila and th K m ri 'r In h n 'arb) 

areas begin to downcut at around 3Ma . Later inten i 

cket r cntl~ r lind group north of the Kessem except orne po . -

Gobensae Akirmit Burka and Metehbi la area(fig.42,Fi I 4~,fi!!' . , , 
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Fig.39 Block diagram illustrating the western margin of the nOIihern main Eth iopian rift 
between roughly 26 Ma and 10 Ma.See text for descripti on. 
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Fig.42 Block diagram Illustrating the present structural outline north of Kessem and immediate 
south of Kessem.Crosses(plagioc1ase phyric basalt) and small dashes represent Bulga basalt.Open 
circles represent Balchi group. 

V' 
C 



'-.-.- --.- '" 

K > 111 b r er 

faul t 

-/.7/7 
\

( l / 
'1 l! 

/ ,I 
( I 

I \ 
Melkajilo t \ n 

Fig43. Block diagram illustrating present western part of the Northern main E thiopi an rift.Onl y prom inent structures are 
shown for sim pli city .Se text for descripti on . 
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olcanism and faul ting migrated toward th rift a 
id n d 

the Keradi basalts. In the Southern Ke em thi , y ung r 

characterized by development of longer and large di pIa 

dipping faults and some short, small displacement dl pin aul 

them. The last tectonic phase(WNW dipping fault) i prob bl du 

a former tectonic phase and is responsible for some h~r t lik 

Southern Kessem canyon as Aroge Minjar( fig. 43) . 

orth of the Kessem river variations of spacing, di plac ment and m un d. 

toward the rift are nearly constant.On the other hand outh th K 

variation of mini mum displacement toward the rift fl oor indicate that di pia m n 

is nearly constant across the ri ft .Amount of dip al sh \ . the ( III 

feature. However,spacing between faults decrea e harpl rd th ril n r I hi 

indicates concentration of e>..1:ension in a nalTO zone IOvvard th ri I n 

orthward continui ty of NNE-trendino , ESE-d ippin I ult acr .· th K III 

ri ver indicates an important tectonic a pect. Except th II h l-c. 

are no such major kind of faul ts north of Ke em Til K mi 'ht h 

de eloped along an earlier tectonic feature whi h h n nll\ r 

propagation of most of the younger fault .The K m mer I tau Ihl b, I nn' in I 

a\. , (1978) to fo llow an E-W tecton ic Ir nd at ab ut I 1a 

indicates that there is no evidence to corr bora! lh i 

which began to be 



deposited at 6.6 Ma is observed acros the Ke m n\ 

orne segments of the Kessem river follow an Ea (-W 

tructural control in the past , a roughly bracketed a 

development is suggested. An East-We t tran er 

Tuluwellel further west of the Kessem and a ri ft in ri 

Kessem lie about the same latitude(Approximately 90 

an East -West trend(Abebe et aJ ., 1995;Chemet et aI. , 19 

lru lu rc 

lruc(urc lu 

Ilow·l'ViiOf' 

From 1.8Ma to the present there appear to b y un r 

volcanotectonic activity on the rift floor campri in b It h 

been named the Wonji fau lt belt(Mohr et aI. , 198").Th h Ir 

area faults described in the previous chapter fa ll wit hin Ihi r up hugh ,j\cn 

common name(Wonji fault belt) ,there are signi fi an 'c mIll iff, ren' 

between the Sabure area and the Melka Jila floor faul ault . 31 0 • II \\ j hili 

the azret magmatic segments(Melka Jila fl o r fau lt (UI m l(muli 

segments(Sabure area faul ts) identified recentl in th 'Iain ~ Ihi Ian rt I I' in , 

et aL ,200 1). 

The curvature of the Minjar fault , ttl \\ w- o n \\ dil I r 

different alternating c ur e ta en tht: 

deflection of har t like fcatur 
\ 

where the Keseern take ' a W 
dir 11 n r I 

10 



sense of shear exhibited at the h . OUI wes m lip 

fault all suggest a dextral sen e of hear 
I ml 'hI 

WNW-ESE structure that is respon ible ft r di p 

Wonj i Fault Belt in thi s area .Within th 

sinous faults where the same sen e of h ar 

ai., 1995). 

In the Central Sector of the MER, faulti ng on the f1 or r th n nh rn p 0 h 

sector is progressively younger toward the margin In 

the orhern Main Ethiopia rift, fault ing become progr . un~ 'r I \\. rd lh ' 

axIS. 

In the central sector of MER, ri fting ha be n pr pdt ha\ c ~un \\ ilh n 

alternating polarity rifting at the Oligocene- ioe n t a mm In . I ri in' h 

Pliocene time (Woldegberia l et. ai, \990) . In the tern margin ) he nh'm 

main Ethiopian rift a pronounced rifting pha e ha la~ n pia dunn I th 

time as evidenced by the development of the n hk rd r 

Ma the eastern margin ha develop d.The al hi 

inward from the llehkese border fault south f th 

pha e has established the initiation 
nt ri fl a 1111 ur 

margin. 



Another important question to raise is the tructural ev lu i n in 

Ethiopian rift related to magmatic influence. 

In considering magmatism, there is the Bulga ba alt an lh 13 

which are equivalents in terms of along trike po ti n but \\ Ithin 

different ages. The llehhkese border fault i developed aft r th 

Bulga Basalts and the Balchi border fault after the 80 ' n 

Moreover, the BaJchi border fault is found Ea t of th B kan 

the Minj ar area closely spaced faults of the Keradi or up ar und th' 

alighned Felsic centers of the Minjar area. 

So, at least in the Balchi to Melka jilo area it can b 

activity has disrupted pre-existing fault planes cau ing train hard nin ' and hi in 

of fau lting (similar di sp lacement) toward the Ea t Thi i e p iallv c\ id III r III 

ali gnment of felsic centers in the Minjar area which proba I prc-c l'illn 

weakness planes. In Kenya migration of faults with high di pia all 

of dip toward the East is also reported (Morl ' el ai , I 110" \ r. h 

mechanism for this cause is suggested to be rotation of pr - xi lin bri 

prefered orientation thereby causing strain hardenin Ther i n 

th orthern main Ethiopia ri ft to support u h a . ugg .ti n 

The concentration of closely spaced fault al 
in id ) \\ il h Ih 

K . d' b .. . . h ' rtall eo l11a ' /11 Ii era I asalts. ThIS mIght II1dlcate t e Impo 

to the far field stress in changing widel pac d fault [ 

Where the hot weakened crust becomes the pref r mial it 



Volcanism in the western margin of the rth M o ern l ain lhi pi n l i t n I r I 

becomes younger toward the rift floor but also an rli r 

SSW along the Ilehkese border fault is also observed. Aoai n. rna Jrn • m rn 

been important in shifti ng the border fau lt location tov ard th W 

border fault in addition to possible infl uence of fa r field tr Ii Id 

When did the structural evolution of the We tern mar lin 0 th rth rn m in 

Ethiopian rift begin? 

The present study indicates that onset of ri fting b t\.\e n lO la and 7 

definite as evidenced from the fau lted Bulga ba all nlap d hi 

group.Hence, the Bulga basalts and the Balehi group ar a 

initiation.It would be more appropriate to a ighn an arl ' n-rt t d main 

Bulga basalts and late syn-rift domain for lh Bal hi l r . III 

Plagioclase- phyric basalts on the plateau out ide the ri rni 'ht ind. al ub id '1\ 

rate must have been small during the earlier ~ rmati n th Ii . 

Volcanic rifted margin: Worldwid implication 

d d I e min' l1 I bl ah. olcanic rifted margin are pro uee W 1 r 

the eruption of fl ood vo lcani sm during pr -ri and I • 

)TI fi II \ in' c ti Il" ttl eparation(Menzies et al.,2002 . 1 

112 
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chara terstics of one of the volcanic ri fted margin 

of the orthern Main Ethiopian rift .Thi will b d n by 

with other volcanic rifted margins world\ ide. 

m 

The pre-rift to syn-rift transition i marked b a trUClur I han I in 

magmatic hiatus, erosion of newly formed ri fted moumalll, rrna i n 0 hi 'h 

velocity lower crust(HVLC) and a seaward dippin ) nc t r 

(Menzies et. al. ,2002). 

[n the western mangm of the orthem Main Ihi pi n ri I Ihe pre nl ud ' 

highlights the sructural changes during the pre to n rift . ta I • Th 

basalts are characterised by the ab enc of or I pronoun ed 

pha e. The early syn-rift Bulga Basalt record an inn r 

are documented as a diagnostic chara terstic for volcani rift d mariuiu. 

et. aJ. ,2002). The other structural chang that \ find h Ie In Ih 

Ethiopian Rift is between the early and late s n-rift v I anI. t S Ih 

volcanics are charactereised by riftward dipp ing \\ ideh . a 'd ralllt Ih' B II III 

group which is in marked contrast wi th th tru lur I . tvk r the c <lIl ~ I -r;1 

volcan ics. 

The topmost of the flood ba alts of the we t rn mal iuiu th 

Ethiopian Rift is dated at _6.: Ma eorg.1 7) 

Bulga basalts is dated at 10. 6 a (thi tud ) . mal!IlHlli 

. . . h' r r t ht.: r f • t the pre- to syn- rift tTan Itlon. A magmatl law 

also documented for oth r 01 ani 

11 3 



dd itionaly as the early syn-rift volcanic 
J 0 6 a nd th lat 

i of6.6Ma- 3.5 Ma, there exists al a a magmatic hi u 
Llv; II th 

yn -rift transitional stage. 

Passive(Plate driven) and active (Plume-dri n rift ing pr cere d 

for the generation of non- volcanic and vo lcani c rift d mari ,in, r 

driven model requires that rifting be initiated b far Ii Id 

fo ll owed by surface uplift and magmatism rel at d to upw IIlng 

material.Melts would be generated by shallow decompr 

On the other hand, the plume -dri ven model requ ir d 

interactions with the continental li thospher . 1n thi upli I \\111 pl'~ 

volcanism and rifting 

The presence of thin Mesozoic sedimentary layer b nealh Ihe \lo< d ,I II in h 

orthern Main Ethiopian Rift as well a in the central ectal r th lain 1· lhi< pi II 

Rift may sugge t that uplift has preceded olcani m and riftin u in this I'll 

rift.( Woldegebriel et a1.,1990 and Franca iglia , 19~O) 

Pre-rift flood basalts of the studied ar a appear to 

decompression melting of Pyroxene-rich hallo\\ manti ( 

is on the side of a passive ri fting model. HoV\- ver,li II I no Ie 

have accompanied the fl ood ba alt ruuir)lt a 'aln I 

'd ' :enolith, li1\ ur meit ing.Additionaiy,the study of pen ollie 

rifting in Afar(Roger et al. ,1997).A model int rm dial 

rifting is suggested(Report on the in ternati nal In ium n 

III I 

III I I 



, 
pal oc1imates in the Ethiopian rift and Afar d pr n pr cm 

al., 1997). 

Whereas basaltic volcanism dominates the e oluti n f th U J (I. r J 

province) , silicic volcanism may have contributed igni Icaml ' 

of the volcanic pile( Menzies et al. ,2002). The flo d basal th udl 

interbeded with silicic products ( Justin - i entin t I 1"7 a ., "7 

characterises all volcanic rifted marigins are rarel thick r th n 2 m be u 

represent the erosional remnant of earlier sequence e timal d 10 ha 

a 2-3 times thicker than present time eruption 

flood basalts of the studied area are approximatel l I. km till In \\ ith 

the worldwide documentation. 

The erupted thickness differs from the actual melt till kn o \ I ani n ( 

mariuins must include iuneolls intrusive added t Ihe olllin 111 I ru I( kn7 it: 
.::> u 

aL,2002).This may be evident a overthickened H L \ 7 

Km/s) is reported in the northern Ma in Eth iopian Rift B rkhcllll:1 CI 

In majority of the volcanic rifted marigin , ba all ic and iIi i \ I ' ni m 

. fr I 4 a( cillics Lt al .... over a short period of time rangll1g om -

fl . b d d with iii i s ood basalts of the studied area 1nt r e e 

xtruded within short period oftime( 
t al ,I ~ ) nd 7 

S·I· . I dUI·I·llg th main ba al il C\ i 
1 IC1C volcanism appears ear 

basal ti c eruption in LiP formati n. In th 
IUdl'd alea . iIi I 

I I-



after a basaltic volcanism but the whole equ n C nt,1n 

ba altic volcanics(Justin-Visentin et aI. , 1974). 

Reflector packages within the SDRS di verge downwar an 

or more. ( Menzies et a1. ,2002). However, in the onh m 

o 00 . b angle of 60 -7 IS 0 served. In the Yemen marigin , a i nifi nl pr 

SDRS ( at least 50 %) is constituted by a sedimentary natur 'I hi I' 

due to removal by erosion of basaltic and silicic r ck r m the \ 01 ani rit d 

marigin during syn-rift extension( Menzie et al.,2002) H v r, In Uhi pia Ih 

inner SDRS is constituted by p\agioclase-phyric ba alt that I highl. r dt.:d I hI 

nature of the basalts indicates a sha llov I v I fracti Ilati n pr c 

decompression melting . This is because of syn rifl. xt n i n that au ' m n I 

upwelling. 

DRS typically post date fl ood basaltic volcani III and the Ii 

formation may be synchronous with a hai tu in magmati . 111 a hang ' in 111. 11ll i 

source area , and a peak in denudation( Menzie al,2 02 In th~ rth m 

Main Ethiopian rift, this suggestion seems 10 h Id Iru It I. 

localisation and focused extension aecelera d l11elt gen ra li n durin!! r rill II 

SDRS(Menzies et al. ,2002). I-lenee, the Sal hi UI' L11 in lhl' 

nature probably shows an accelerat d melti ng due to f \.u. '0 
t 11-.1( II 



he relationship between magma i m and faultin I c m Ie 

post- dated rifting as in some of the entral tlant ic" I 

addled the pre-rift to syn-rift tran ition a in th rth lami 

.ins of the Greenland-UK(Menzies et al. ,2002 In th rth rn 

magmatism has preceeded rifting. Exten i n ha b n mili a ed Iter Ih 

.ts were extruded . 

. nost of the volcanic rifted marigins no kilometer al m un 

: to rifting and magmatism . So an important part of th 

d marigin is mountain building and ero ion( nZI 

,tern Marigin of the orthem Main Eth iopian Rift , th 

oluti n of !cani 

t al ,100_ In Ih 

ation of approximately 3400m elevation. Th re i no dou I thai Iheir f rill ti n 

:lated to evolution of the volcanic rifted marigin 

II 



Chapter 6 

An Outline of the Afro-Arabian rift system 

6. J . Overview 

The Eastern African rift system is connected to th Red- a and ulf 

Afar.It is,therefore,crit ical to compare chronology of rifting in the 

Sea,Afar and the Ethiopian rift in order to under la nd h v" br "up 

Sea at its Northwestern tip joins the gulf of uez and ad '<1-

Sinai.Following a brief description of each of th rift Sy . tl.l11 \\ ill IHIl h 

descriptions focuses on chronology of rifling, ea nool pleadll1!! 

on segmentation in the Ethiopian rift . 

The Dead Sea is a transform fault , ei mically a ti, e. nd omp ••. t: 

hear.Two major phases are supposed to tak pia l. in the di pi 'l1h:n ilh 

significant pause. The first took place in the late t 

second In the plio-pliestocene time and !III I ' 
IItinllinL! 

present.(Gird ler 1990:Girdler 199 I). 

The gulf of Suez is an extensional grab n v.i th link II 

movements commenced at the nd of th E 

oligocene with a major unconformit at Ih b ginning 

. . I the balie () 1e, ozoic and Eocene Ul1lts and terlTllll at a 

I t 
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Ma and 5Ma to the present is observed but ther 

Miocene. (Girdler, 1991). 

Earliest rifting in the gulf of Aden date back to th id Ie I c I 

floor spreading occur in the early Miocene fI 110\ d b I a rCJU\ ell tit I III h I'h 

pliestocene. (Girdler et aI. , 1990). 

Extension in the Red-sea commenced in the Oligoc n in the [ d 

Sea rift are responsible for sea floor preading in the cd-. ri durin 

Oligocene/early Miocene and Plio-Pliestocene.Onl th north m p n of the RL 

is underlain by oceanic crust.ln the outhern p' rt 0 Hin 11Ia\ utili 

ex ists.(Girdler, 1991 ). 

From the work of Gi rd ler(1991) major g ody ami hange h \ III r· 

important in the Ethiopian rift as wil l be 

the Eastern African Ri ft .Ba ins bioan t 

I
· mo 1 1·111 1)ortanl inlhl: r III ti I (I \mm 

Miocene.The Plio-Pliestocene tim 

rifting. 

1 I -ti· pia and 'em 
About 30 Ma the area shared by J ort 1ern 11 

far mantic plunl III Ie III II t 11IIh n 
a a resu lt of the i mpacl of the 

11 9 
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basalts cover more than 600,000 km2 ,covering rt hm thl pi 
n Win 

with 1-2 Km thick traps.(Coulie,200 I ;Ukst ins et al.,2 02) 

From the onset of the breakup of Arabia and frica ti ll 0 1 h 1 n n 

propagated toward Afar along the Arabia Somalia b undar 

Sea rift tip had reached the gulf ofZula.The Danakil and Ii abih mu 

have been detached from the Nubia and Somalia plate ,re p ti ,el ' around _ 

after which the fo rmation of Afar triangle becomes much mor t.: r 

times the Danakil microblock has rotated counter cl \\1 ill ,Hin J Ih 

penetrarion of the Red-Sea ridge into Afar by jumpino w tv"ald 

propagation.(Report on the international sympo ium on 

paleoclimates in the Ethiopian Rift and Afar depre sion, 19 7 h r a I 

FRP report, 1997). 

Much of the Miocene and Pre-Miocene hi story of Afar i. dificult 1 'lUd, 

much of the Afar depression is covered by recent n w 

we have a poor understanding of the development of Ihe .:.asl I Jl b lIndar 

the Western boundary is developed by 26 Ma (E. W I~ nden,- ') 

Between 20 and J 0 Ma the Red ea ridge ha. !l1ade it fir I apl eal < II c i II 

Afar.Afterwards it has propagated southea t\ ard. altcl 11. I\.:d I . 

creating NNW- W trending volcanic rift eom nl _11 al 1'/\ li 1\ 1. 

and a Hararo ).(FRP repor1, 1997) 

rd 
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At about 18 Ma, when the Red-Sea ridge ha alre d ' I ea he 

WSW propagating Eden rift encountered hukur - 1- 'hI· di 

prevented it to penetrate into Afar for 13 M.y. At Ma th d n ri 

appearance in Afar(Manighetti et aI. , 1998) 

Since then the Northwestward propagation alternated b ' n 11\ rd jump Ih 

Eden rift has given rise to two NW-trending volcanic rift egm nt 

Manda Inakir).Rifting has started approximately 900ka a..l. 

approximately 200ka ago in the Manda Inaki r B h of them 

active.(Manighetti et al.,1998) Holocene and hi tori ba. all! rupli )(l 

with fresh normal fau lt scarps and open fi ure 0 ur in b h 'the 

the propagating Eden and Red -Sea Rift in Afar.(FRP r p n. l 1.)7 

A rapid attenuation of the crust occur. at the ea tern edg\! 01 the I ~ hiol i n I I I 1I 

where over a distance of 80 Km the continental cru t thin. r 111 

20Km.This zone also coinsides with an elongate, - gra\il minim III 

wide extendino for some 200 Km from Add i Ababa nOl1h\\( lei I 1 3~ri ~l al 
::> 

. 1 d I Ulld I iii: 111 A zone of higb volcanic lower cru t I repol ' 

thin ning.(Berckehemer et ai. ,1975).Gravity alu to th ' (-. thit pi. n II I 

trongly negative with a minimum val ue f -2 Om Jal HI Iii u 

II TI ar a orn g ti\\; am mali gravity values increase gradua y. le ~ 

separated from the Afar depression b ' t ep nra\ it\ uradi)11 

increasing sharply over a r latively h 11 di tan e t -: 

tran itional between a continental cru ' t and an 111 nI.l I 

and is underlain by a low velocit '(7 .4-7 
. , hiuh 1t~1ll • tur U 



rnaterial.Thickness of the crust within Afar it elf d r s h 

and to the east towards the Red-Sea and Gulf of d en, r 11\ I ' 

aradients coinciding more or less with the border ~ arpm 

gradient is readily seen in gravity maps. The gravi t trend th L hi lPia 1 I 

southern Afar where the trend of crustal thin nino chang and me 

that of the Red Sea trend. The spreading area of the Red- a i 

maxi ma. Similarly, The Gulf of Aden gravit max ima continu . \ e. to 

Ethiopian rift. The gravity trends coincide with area of ma 'imum ru t I thinnin' n 

might suggest a poosible triple junction in development. (akri al 19 7) 

The Ethiopian rift: is divided into four sector : The 1 rth rn. 

outhwestern sectors.(Boccal leti et. a1. ,199 ). 

In the northern Main Ethiopian Rift faulting 11a. omm n t.:d b t\\t.: Il 1 

at the western mariginEvidence is found fr 111 the 

basalt(approximately 10 Ma) onlapped by the Salehi 

Ma) .There are also alighnment of felsic center 

to that documented in the central,southern and . uth\, . Iel n p I I ) 

h
. . . . c. th devel pmcllt r th l Ull 

r yohtes can give the mll1lmUm age lor e 

d 
.' f I 11 Crt1 nl'lin Elhil)l iall flit I I 1\ 

ated .The present eastern mangIl1 0 t Ie nOI 1 

Ma. 

At the Western margin of the 
orthem i 1ain -th i I ian Rili hr n 

are identified in the pre ent study ar : 

.",., 



Flood basalts(.> 26 Ma.),Bulga Basalts(Appro imat I 

3.5Ma) , Keradi basalts(2.S-1.8 Ma) and Melka Ji lo i 'nlmbril ' 

a ). (Fig. 45). 

In the Northern Main Ethiopian Rift. from 1.8Ma to th hi III h 

locus of tectonomagmatic activity toward the a i \i ilh creation 

segments(Ebinger and CaseY,2001). 

I 1 
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In the central sector of the main Ethiopian Ri ft a tv. 
lal.!c rilt 

documented. A series of alternating half grabens upp dl) () 1(1 coli c 

Miocene assymetrical stage followed by a symmetrical ri fting 

early Pliocene. The sector is rich in offaxi olean t lh h uldcr 01 111 

marigin most of them are mid-Pliocene in aoe hik' \\ hi h I 

Miocene.Quaternary volcanic activity is also ob er ed amon~ thi. v I ani h in 

the western shoulder Mount Damot of mid-Pl io en ge CCIlI to h \ e inll! 

volcanic activity as the eastern rift shoulder volcan nh t lounl ( ,lInl I . I 

Wagebeta volcanic centers mark the tip of the Bonga li n amen! 

Awasa Cadera rim assymetrically design part oflh III 

volcanic activity from Miocene to Quaternary.Th 

center is perched on the Guraghe Plateau.(Wolde ' bri I el al .. I 

contrast to the general scenario younging of volcanism 10\\ rd the I iii a i \ 

off-axis vo lcanism on the plateau from Miocen to uat man \\lIh Int n it "I II 

increasing in the P liocene time. 

In the Northern part of the central tor of th 

zones of volcanotectonic activit. · ar di p cd t 
Ih~ 

marigin.From The SOFZ( Silti D brezi fault 7 nc) a 

escarpment a 0 13 M. Y. age is report d. no tril-c 1 II 
=-

found from the Gademota cald era The Wonji ult 

the SOFZ, comprises peralkaline ii i i nt 
n in thl 



I 

started about 0.83 m.y. ago. Aluto and Shala caldera within thl 

formed contemporaneously at about 0.28-0.24M.A 

0.27-0.021 my . An age of 0.023 my is documented from th 

of Shala along the WFB. ( Woldegebriel et aI. , 1990) 

SO,From the above reported ages it is difficult to infer a ungin ' di ti n r t 

WFB.Calderas situated along it might have erupted contemp ran u h ' nd (II inu 

their activities to the recent. On the other hand th DFZ e m. to h \C }olln ,in' 

direction to the North as evidenced by the age and pre~ n Ii u I 

basalts and nested scoria cones north of the Gademota caldera 

Six chronozone units are identified in the central eet r the I ai 1 I- hio iell 

riftKella Basalt(26-32 Ma),Shebele trachyte( I_-17Ma), uragh 

Ma),Butajira Ignimbrite(3 -4.2Ma), Chilalo Tra h) e(: "-I 6 la) :Hll \\ ItJI 

group«1.6 Ma).From the eastern and western mafQin the y ung t 

Asela and Damot- Soda comprising Quaternar age old g flel al , 10 

From focal mechanisms, fau lt slip data and g omet r aull G r II hi ' 1-· \ 

extension swichi no- from a NW-SE direct ion at the Pli c n ,-
v 

und 

inferred in the central sector(Boccalieti et. aI. , 1 

Two distict magmatic phases at 4 -35 1a and I -12 1a ar 

sector of the rift.(George et. aI. , 1998).Mid -M i cen 
ru ti n. 8t 

than the vo lume of magma erupted during Eo n \0 early 

. . . t n ion a 01111 
extension in the Amaro Hor t.LJtt le 01 no ' 



magmatism and a small amount of ext n J' d ' 
~ n unn.! th' 

mid-Miocene felsic centers along 

toaether with absence of associated trachytic flow 
b , pr 

absence of the pre mid-Miocene basalts in ba ins indicat aultinl.( lid 
n 

the Southern rift commenced between 18 and 14 a Lat Ph 

lies at the foot of the Chamo border fault, where volcani nt r nd ] 

cut by 10
0
E striking fauIts.(Ebinger et al., 1993).From f I mechani m 

of volcanic centers and fault slip data the regional e 'l n i n dlr t1( n i \ 

ESE.(Kebede and Kulhanek 1992,Asfaw 1992). 

There exists,therefore, a magmatic and tectonic hialu bel\\Ccn mid- i cra;. nd 

Pliocene time. During this hiatus faul ting and magmat i. III haH! millucd II 

central and northern sectors of the Main Ethiopian rift. 

The initiation of magmatism in the outhern Ethiopian rin all n irna I. III 

earlier than the nOl1hern provinces i a problem The . ~ nd 

associated with development of a basin with b ta-f: CI r of 

al. ,1993).The very small amount of the Beta-factor can't . plain Ih 

f . hl'cll alb Ihe I l:d ( eruption and the volume 0 extru Ives 

plume. Topographic and gravity data from Ea t afri a Ih IIrr 'llt 

two mantle plumes beneath Afar and Ken a(Ebing r It ai , I 

I earl ier ma,!,mall III in ou II III I- III 
characterstics, the eruption rates and t 1 

b I I'nflu nc \\h n th een attributed to the Kenyan p ume 

poSitioned close to lake Vi toria around 

1'"1"7 



al ] 998).This evidence i supported b the onh . . , . t m tl n 

rate of 1-3cm/yr over the pa t 50 my Gordon and Jurd I , 6 

The broad rifted zone of southwest Ethiopia ont ins I1d 

basins. Alignment of mid-Miocene fels ic center alon J 

of mid Miocene lacusrine strata indicates that fault in and ub i ur 

ca.14 Ma in the Southwestern ri ft . Similar to the ou hern Llhiopi I RI I n 

approximately 10 m. y hiatus separated the mi d iocene \' I nl. m no 

more localised early Pliocene volcanism and faulling In th III II 

zone.(Ebinger et al,2000).The regional ext en ion dir ction I. \\ \\ -I I m 

mechanisms(Asfaw, ] 992). Quaternary volcani enter ar re.lft h.:d ill 

Turkana rift. The anomalous breadeth of the outhem rift \.' du 

rift propagation.ln thi s sector of the rift, there i aLo an arlier pha 

than the northern rift province (Ebinger et al.,200 

The Southern and Southwestern 'ectors of th rift ale sinllial in I..!\: 

with N-S mid-Miocene basins), in having earli r 111 t!.l1lati:-.m Ihal 

tectonomaamatic haitus between mid-Mioc n and Pli 'n iml 
:::> 

h . J 

restricted occurrence of the Quaternary Wonji fault belt 

In the Central and orthem sector of the thi plan ill. 

NNE trending. The outhern and outh e tern 
r Ih rt 

approximately simi lar onset to the central ClOr to Ih I nh 

geometry of older basins.The problem be me more al.!!!1 a 

E re<rional extension direction in the :::> 

en p rt( Ill' 



interest might resolve the problem.Tn th Red-
and n 

rifting is at 34 Ma.(Omar and Steckler 1 , 

predates by as much as 20 Ma rifting in the outh m and 

Ethiopian Rift .The western margin of afar IS d 

Ma(Wolfenden,2003).So,it seems impos ible that faulti n) 111 the calC 

by Red-Sea extension. Geological observation in the 

passive origin for rift formation(Ebinger et aI. , 199" . 

are, however, -S trending Paleogene rifts in Ken a at the 

factor as the southern rift(Hendrie et. al ,1994). outhe rn 

gathered N-S thinned and weakness regions affected b ' th I\. 

50-30Ma.This thinned regions might have fa our d th d el III 111 f 

basins in the Mid-M iocene.There exi ts al oa n rth-.outh hI cr Il llIJed III 1111 

lithosphere south of the broadly rifted zone along the Ri riba \ I let Ill\.. lin I in' r I 

al ,2000). 

The Southern and Southwestern sectors of the rift al. on am 

hiatus between mid-Miocene and Pliocene li m . Durin!.! {h i. tilll!: 

magmatism had continued in the central and northern e I r 

extensional provinces occur in the .oulh rn and out\l\\ ,I 

'd d I . t 4 Ma tllrounht the thiopian I ill WI ersprea vo camSJl1 a 0 

f h lh iopian rift \ all ' \ central and northern sectors 0 I e 

. . Ice Whil ill th volca11ism.a symmetncal stage commer 

the Wonji fau lt belt has a widerspred occun'enc 

rift it is limited. 

fIll ri I 



Since the discovery of the Wonji Fault Belt(WFB in th 

known that young volcanotectonic acti vities have b n c n 
ntratcd in il iJlI 

volcanotectonic activity runs NNE oblique to the Ir nd 

however, not a continous pattern but is di po d 

pattern(Mohr, 1983). Their oblique nature to the rift en el p ha 

describe the incidence of the Wonji fault belt as due I Ih 

th \ 

of the Somalia plate with respect to ubia.This wa uppon d by kin d 

geometry of faults .(Boccalieti et. al. ,1998;8 call ti I I 

evidences come also from focal mecahanism solution In 

the Northern Main Ethiopian Rift the WFB compri ing th K n uti 

is di sposed dextrally to the same belt comp ri ing ' entail: t) lit 

construction of si licic centers, for example, Gedem a oin id . "it h Ihl: di P ill 

the WFB.lt might be probable that the intersection oflhi. tran \~I~al tr\l lure \ I h 

zone of lithospheric thinning generate these center .The upp r Ilc. III ellann I I II 

Kessem river follows a NW-SE trend upon proje lion n th Iial au hi 

the characterstic of the lorthern Main Ethi opian Rift I IlC bu( a lin 

avail able in Afar.The Southern Afar WFB i b unded 

Quaternary \~olcanoes possibly markino burried tran fer fault. (II . \\ rd 

F . 'd t I at tll Ll hil pi .. n II rom the above discu sion, it I eVI en t 1 

I t · t a Ollnl (h i 
tectonic and magmatic segmentationExp ana Ion . 

. t" 0 lru IUr and inh 
asthenospheric upwelling control by pre-ex I In . 

length scale in the rifting plate itself.Ha ard el al.r I 

. . t: 1:. th t n nh 1\ a segmentation in the Ethiopian fllt trom .ou 

lu 



crustal thickness,decreasing effective ela (ic (hi ~n 

supply. Following this, there Occurs in the Ethiopian ri 

in border fault length,decrease in width of rift ba in 

n 

I OJ u It I 

uplifted flanks.Large volume of quaternar ba Itic m gma i III I 

Afar, without the development of rift valley lead ( magmati Ii 

As pointed out above,the Quaternary Wonji fault bell in Ih onhcrn p n 

cent ral sector of MER is disposed to the west and a ( a( th 

Asela margins respectively. [n the southern part of Ih nlr I 

MER,however,it follow a med ian line.(Woldeaebri I I ai, I ) I II 

eruption that gave rise to the Butagira ignimbrite du ring th Plio l:lll i lll I 

to OIiginate from a caldera now bun-ied in the floor r th en r, I 

Guraghe and Asela-Munesa margin) of the MER accordin~ 10 Ih 

authors.This magmatism might be a ocia(ed v. ilh und rplatil\~ 

thickening of the crust .Mohr,(1992) ha 

mechanisms that could modify the eratoni eru ( b neath Ihe f:thi 1'1, II 

looks more li kely that the Quaternary WFB in the nhern :CLl r 

Ethiopian rift has followed the thinne t ru ( at th \\. t rn a /. t rn r r'lll 

foregoing its axia l zone. 

. tl thioplan rill i III 1 I II The oriain of the transversal structures In I ::> 

is no doubt the ro le they play in the egm nla i n the "th i 

Quaternary WFB.There seems to b . thr e p 
prob, il ili 

connection with the border fau lt .In the ab 

surface mi aht have Ii tri nature th reb I 
::> 



instance,the Balchi border fau lt ha a n rth e t dl 
In' l c int 

fault plane. The effect is that duri ng the fI rmati n lh \\ I th ' II u 

dextral movement due to rejuvenation. 

The second is the role of pre-existi ng basement fa bric It i imp iib l it 

in the northern Main Ethiopian ri ft becau r 

exposure.However, it coudn ' t be completely ignor d 

dextral NW -SE tectonic wedge of a basement durinu Pl ic I cenc time \\ ill ~i 

a central type volcanism(cinder cone , patter n . In 

direction.Assesment of Precambrian structures in Ih 

complet!y fits the aforementioned ugget ion(Atnafu and Bona ia. 1 (91 ) 

Lastly,the Quaternary segments could be conn ctcd h~ a 

discontinuity.Ebinger and Casey, (2001) identifi d magmati ~1l1 III \\hi h I 

locus of exiension(accomodating >80% of til train a r " th rill 

magma supply but without coherent sea-fl r ading an mali I h 

segments are arranged en-echelon running T al ng the I IIi 

A transversal structure in the 10 rthern alll thl I ialil ill I I I 

Yerer-Tulu Welel Volcanotectoni Lineament Yl \ . 

fractures trending W 1\fE and E-W.The , 

NE-ones while the relation between the - and tht: 

1 . t r. ection r thl: with an E-W elongation grew at t le 111 

magmatic activities are a widerspread pha 
10 1 aId l 

(. 



est to east at 7 Ma, 5 Ma and 3 Ma 
1 ani c I al 

evolved compositions fi-om west to east( be 
t al. .1 

At the eastern margin of Afar volcani c center ituated \\ il hin 

yielded ages between 7 and 5 Ma.(Chernet et al I 9 , 

earlier chapters, in the Northern Main Ethiopian Rift , th K 

E-W direct ions which might be due to a tructural 

3Ma.However, there are no aligned E-W volcanic cent r 

" 

The NE-fracture patterns,the age of the Magmati m and II c cl 

calderas within the YTVL sugge t its evoluti nal 

Ethiopian Rift .For instance, according to the pr tud maJ 

activities coincide with impol1ant magmat ic tage. in Ih 

have interpreted the incidence of this transver al tru lur 

rn 

n 

I III 

effect an older kinematics related to the the YT L and Ih op Ill/HI. Ih 1 III 

Aden. 

In addition , As the northern Main Ethiop ian Rift i dc\cl p d 

superimposition of stress fiel ds of the former n the lal r Il1 luhl h \ l' 

sub E-W structures.N\V-fractures might be r lat d t the 01 elllll" 

ones to the openi ng of orthern Main Ethiopian ift . , \\ 

volcanotectonic acti vit ies in the orthern Main Ethi pia n 

the YTVLThe YTVL is,however, a weak z ne proba Iy 

II 'r \1 . 

fields are dependent on that of Afar and The 
11h rn 1 in r 1111 II n I I 

Ih 



6.2.SummaJ)' 

At about 45Ma the future site of the outll m mal'll I . 
11 pi n ri t • n I 

flooded by basalts as a result of the im pact f th n\a lum' I h lim'th 

African and Arabian plate were still joined togeth r The r al up nd 

Arabia seems to have started around 34 Ma at the ea tern d...~c of the 'ul f I en 

whereas rifting was concentrated at the northern lip r th utun: d La rill I r( m 

then onwards rifting in the Gulf of Aden and R d- ea propagal J I \\, Id C I h 'h 

to the future site of Afar. At about 30 Ma the ar a har d b\ l hit pi and) men \ 

flooded by basalts as a result of the Afar Plume(Fig 46) I3cl\\ en 0' nd _0 I 

Afro Arabian plate bigan to separate \ ~th th b tUl1nin u ht: inl 

Afar(Coulie,2001 ;Ukstins et aL,2002).The we tern maroin f 

26 Ma. DR sequences infront of the border rault mar a z nc 

intruded crust a evidenced by geoph ical 

Ma(Fig. 47), the Danakil microblock began t nd 

rotate counterclockwise facilitating the penetrati n 

and 10 Ma the Red-Sea ridoe was fir t 10 at d b :::> 

D . . . I'" ai" t"lnl Ih u han , lid . It enakll Imcroblock . .Durmg t 11 IIlterv . 

. . Eh' . "(1 hdd' d( nfts in the central sector of the t lOplan n 

fl " h G I f of den and. III I an oor spreadino has beoan III t e u :::> :::> 

10 and 7 Ma the western marigin of the I nh III 13111 l:thi 

h " . d I pm nl( ' I I) t ereby starting a triple JunctIon e e 0 ~ 
nl 



have shifted eastward from the western mari In 0 
ar rc 

at around 8 Ma(Wolfenden,2003).At about -4 a th 

Afar.The Pliocene time marks widerspread olcani m in Ih \\ h 

rift after which a symmetrical rifting stage in the c ntral and pi 

Main Ethiopian Rift has to place.In The outhern and 

basins has taken place after the widerspread olcani m Durin J Ph 

sea-floor spreading in the Red-Sea has took place. 

In Afar since the arrival of the Red-Sea and Eden ridg th propagati n 

given rise to NW-1\fNW trending volcanic rift who e acti iti 

recent time.In the Northern Main Ethiopian Rift 1 anOle mi 

systematically youngs toward the floor since it birth.From I 1a 

irn 

creation of magmatic segments arranged enechel n in a f:-dir ' lion \\ hi h 

accomodate most of the strain and probabl markin~ tht.: 

boundaryJump between each magmatic segment i marked b ' < 

crust(Fig.49,Fig 50) 



16 

10 

Showing the area no\\ shar~d bv l'\ubi a.Somalia and ,\rJbw \\J' Ihl<kd h\ I",,-,It (I-Iu 
ne approximately 30 11 !a. Futur< IRnakil blu.:k and rill margin' :If. ,hu" 11 1\If ,', ", n .. n 



16 

10 

.ho\\ ing lh~ ar<'<l now shared b, ' ~llbia.Somalia and Arabia \la, 11 "..,<kJ l>~ Iu JIt .. ~lu( a 
e approximately 30 ~b , Flllure Denalil blo<:i, and rift margm,· '" ,h"\l1l I", "'"'I n 



Denakil bloc 

14 

10 

40 44 

Fig.47 Approximately 20 Ma. By this time the w tern mar ,in r l\l" I h ti,' 

developed and the Denakil block begin to rota! 

margin of Afar becomes younger t \. rd south lue double arr \\ III 

direction. Afar at this time was a doub le juncti n 
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14 

.' J') 
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Fig.49 At present. Light bl ue double arrow indi at c I n. I n dl t: li 11 R 
arrows are sea floor spreading and their propagalion dir c i 
magmatic segments. See text fo r further de cription 
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Chapter 7 

Conclusion and recommendation 

The present study at the westem margin of the northern main "lhi pi. n ri 

the following main conclusions-

l.Five chronostratigraphic units are identified at the we t m pal1 f he I nh rn m In 

Ethiopian rift:Pre-rift flood basalt,Bulga ba alt,Balchi gr up,Ker di b It an J lei 

Jilo ignimbrite(part of Magmatic segment). 

2.Bulga basalt is the early syn-rift , Balchi group i th la 

ignimbrite is post- rift The Syn- rift phases ha e ext n i\ c C 

margin of the northern main Ethiopian rift. 

3.Each chronostratigraphicunil is as ociated \~ ith charact ri. t ic fault ~COll1c 1\ 

4.The western margin of the nonhem main Ethiopian rift de\el p'd tW\ "II 1 

Ma while the eastern margin does so between 7 and 2 a 

5. There is a systematic younging of volcanotectoni c acti\ it) fi OJ he 11l(lll!in 

rift fl oor in the northern main Ethiopian rift . 

6.Afar has evolved from a double junction t a tripl jun tion a I lO la 

Recommendations 

. h" unih\l lIh'l t lUIl It 
1.Geochemical analysis of each chrono tratlgrap I " 
origin and evolution of the volcanic in the area. 
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2.Correlation of seismic epicentr wi th ault) metric "ill I II II 

fault propagation and linkage of the orth rn m in I: lhi( i n lit \ illt . 

the rift. 

3.Siesmic refraction studies wi ll help to imag lh e met 

combined with the previou one will gi a b tt r pi lUI I th 

area. 

4.Finall y, a combined structural,geophy ica l and ge hcml 

Tuluwelel structure is important to better under tand it in id n 

northern main Ethiopian rift. 

1\ Ih '\ r r-
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