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ABSTRACT 

The raw mate r i als used in the manu f acture of P ortland cement 

were s tudied in the Wayu locality (New Mughe r). The study showed 

th. t there is lime s tone of a good quality in large aMount which 

justifies exploitation. The c l ay ~ateri a l studied was fou n d ou t t o 

be de f icient in silica and neens a si l ica modulus correc t or . Conse ­

quently , a sandst one bo dy which is found b e neath the basalt was 

investi~ated and the investigation showed that there is en ough 

san stone tha t can be used as a cor r ector . The study of the gyp s um 

deposi t also revealed that sufficient amount of gypsum e x ists . A 

conclusion was reached to the ef fect that the installation of a 

cement p l ant is justifiedo 
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I NTRODUCTI or: 

Fo r a deve l oping c ou n try like Bth iopi a , t h e n ec ess i t y fo r t he 

e s t ablish men t of a nu mber o f h eavy industr i es i s qui t e ob vious . 

Am on g thes e indu Gt r i cs the cemen t indus trj p lay s a major r o l e Rn d 

is vita l fo r a deve l opme n t of a c ountry . Al mos t al l c on s tru c tion 

wo r k s r equ i re l a r ge quan t itie s of cemen t and cemen t p r oducts . Th e 

dema n d f or ce~ en t inc r ea s es conti n uou s l y as a count r y is u n derg oing 

de velopme nt an d t h is g r owin g de man d h a s t o be s a t isfi ed . Ethi op ia 

is b l essed wit h lots o f raw ma t er ial s that may b e used f or cem e nt 

manufa c t ur i n R. The on ly t h in g i s t hat t h e r a w ma ter i al s s h ould be in 

close pr oxi~i ty so t hat th e manufa cuting coul d b e e c on om i ca l . In 

Et h iop i a , c ement produ c ti on is unde r way i n t h r ee c e men t p l an t s 

s itua t e d in Di r e Dawa , ~dd i s Ababa a nd Ma ssewa. The Add i s Aba ba 

cement p l ant se ts i ts raw ma t e r i als from t h e : iu gh e r va lley wh ic h i s 

about 15 0 km nor th-west o f Ad d i s Aba b a . In Dir e Dawa and Massewa , 

t h e raw mate ri a l s a r e f oun d nea rby the p l ant s . 

Pr oj e cts a r e b eing unde rtake n by t h e Bui l d ing Mat e r ia l s Cor p or a ­

t i o to es t a bli s h new ceme n t p l an t s in Wa yu ( New Mu ghe r) (Fi r . I ) , 

a n d i n Dir e Da wa . Th i s wo r k i s part of t he on - g oi n g project a nd it s 

pu r p o s e was t o st udy a n d e va l ua t e t h e r a w mat e ri a l G u sed fo r cement 

ma nufac turing in the "'a yu l oc a lity , put tin g mor a tt e n ti on to the 

g o l og i c a s pe ct s . That i s , 

(a) t o s tu dy h e limes on e d epos i ts a nd to p r o ve thei r s u i t a b il i t y 

f or c em ent manu f a c tur i n r- , o r e - e va luate th e r eser ve s gi ve n b y 

De Le uw Cathe r I nt e r na t iona l ( 19 67 ) a n d investigate th e 
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possibili y t o prove nd~i ti ona l r eserves of limes tone . 

(b) to stu d, th ~ cl ~ y ~ ~t~ri a l at ~ayu Mekod ~ 3nd asc e rtain its 

suitabili t y ~n rl t o deterrine t~2 r e~? rve s o 

(c) t o se,rch for a dcpo8 i t that may e u8~d as a silica modulus 

corr e ct or as was sU ~f e s t ed by prev iou s 10rkers , De Leuw Ca th e r 

Inte rn~t i onal (1 9(7) nnrl Gounorov And Ak lilu (1 9 79 ) , and 

etermin e its a~ount . 

( d ) t o stu~y the ~ypsum deposit n ea r th e sodoble river and rlet c r -

mi ne it s quality a nd est i~at e its re s e r ve . 

10 1 fvi:TH ODS 

A Geolorica1 mar of the area wa s made on a 12500 s cale usinr 

a erial phot orr aphs as a base. Eirht bore holes 0 730 meters total 

d e 1~ th \.er c drill e d by the :;ational J30r ln .r ", renc y on the l imestone 

rl enosito Cor e ~ampl e s fron a ll t he bore ho l es we re l o~red an c or es 

from f our o~ the hore holes ~er e chemically analysed at the c h e m ~cal 

l Aboratory of the Gcolo r ical Sur ve y of Ethiopi a . Petropraphic study 

Gf t he core sa mpl e s f r om on e of the b ore holes ( bore hole 1) wh ich 

re f r (J se nt::; ,, 11 th .; uni ta , was un o.) rt ;:\lccn Usi n G j"' ,ic r osc ope s to 

de t e rrine v .rt ica l var ia t ions jn the pe t ro~raphic char acte ri sti c s . 

T 1is was supl em e nt d by a pptror raphic study fr om a measured secti on 

a lon c the Ii , e G ton(~ cli f f . Loreover , ~,even t (; e n r;ore h()les of If90 

met e r s total depth we r e als o ~ril l ed i n the area t o de t ermine the 

I • sand s ton e reserve in he vicini t y of the sand stone outcro s . 

' . I 
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To study the CLly f"1 · torial 0cposi t in the' layu i:eko0a area and 

to estab lis.l-) its re ,Sl!rVe ::;eve nt een rits \:e re dUI by a team from the 

Bu i ldinf" i';[\, te r ials Cor poration and the sat"'ples ,.Tere chemically 

Rnci lyr~ f;d at th (~ clle"ir-.:l l lpl;ora t ory of the Ceo l o r icaJ. ':,urvey of 

:;.:;thiopia . 

Geven represen t .~ ti vc SR"'lplcs 1.TE're also tak <:n frrw: the test pi t s 

and mechclYlicaJly analysed by s i evinr and pip 0tte a !B lysis to Geter -

mine he size fr~ction of the consti tu ents . The rypsv~ deposit was 

propnrly located on a pap , t h e l enr t h of i ts la t ~ ra l e x posu r e was 

m~a~ured and t he t hiCKness was dete r pjncd usin~ a l timeter . 

l. 2 PREVI OUS i'l ORKS 

detailed stu,':y of the aree> \;Ias u n dertaken by De Leu w Cather 

Internationa l ( 19~7) and re c o~~endations conc P'nin~ plant site 

locatj0n , method ~ nd 8conomic ex l oitationof raw mnteriRls ere 

fon.'8.rrieri. The :eDort rut r10re ermhasis on th e en!-ineerint" aspects 

::;uch as route loc p ti o!'; ,c;turiy for an [(cce .ss road to the area , el'2ctric 

pO"To r <Ind \.Jat0r SUTJfJly study etc . Concerni n p: th8 r aw moteria l s , 

bvclve bore holes , Tere dri l 1 ed '-'i th a t ot[ll depth of 409 . 2 r10 ters . 

The corp s were chemically analys·ct 3 t five meters in t erval anrl were 

visually 10fperl . The deposit WRS found out to be chemically satis ­

factory. 

Th~ ho e holes were dril l ed nIl alon r the ed~ s of he l imestone 

cl:i ff and l-ea c hed a maximum depth o f nnly If5 . 5 mete r .s . t'/he n the 
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l imestone could have been sampled and studied along th e c liff ",i th 

l ess amoun o f expense , there wasn't much se n se in d ri lling all 

those bore holes. The ar a was also s tudi ed by a chinese t eam in 

1977 bu t the report is not available . 

Le~on Gu morov an d ~klilu Assefa (1 979 ) of th~ E . I .G.S . studied the 

area in detail and s u ggeste d addi tional drilling sites inorder to 

prove additiona l limeston e reserves . They a lso recommended tha t a 

s ilica modu lus corrector should be searched f or in the a rea. 

2 . CEOLOGIC/'.L nm GECGR !,PHI Cfi L S"8TTI NGS OF THE STUDY :~ REA . 

The area i s in a l ocali ty c al 1 ~ d v/ayu, 61+ km. NNiv. of Ho l eta tOlvn 

"',hich itself i s abou t 41+ k .m . west o f ,~ ddis /l. b :~ba ( F i g . 1). It is 

boun de d by the Gefe rsa and the Bi re ti rive rs , both of which join the 

Sodob le rive r whic h i s one of the main tributa r ies of the Mugher 

ri ver. The rive r s hR.ve cu t throufh t h e Tra p basa l t D.nd ha ve exposed 

the Mesozoic Sedimentary r ocks found be l ow. The Hesozoic Sedimentary 

r ocks which ar e exposed are th r:: Shaly Sancstone Dni t which includes 

interbed s of limestone , shale a.nd sr.mdstone fol l owed by [l. Iri. mestone 

Unjt whi c h is massive and f ossi liferous. The lower sandstone i s not 

exposed i n h e area but , in the north e rn part of t h e s udy rea gypsum 

depos i ts are f ound benea th t h e lime s t one b eds (fi g . 31) . 

3 . 3TR~ TIGRAPHY 

The lowe r most uni t of the 3rea is r e pr e sent ed by Gypsu~ and 

Shale u n it . Th .· Gypsum a nd hale uni t is compose d of well - bedded 
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~ypsum with thin int~rb~,l~ of dolo~ita in i~s IOler parts and inter ­

cala ions of "halC' .'1nd lj mC3tone to\/i.lrds i b3 UT'PC"T' nartso This uni t 

is topped by LiM_ stune unit w. ich inclu~('~ m~Rsivc lineHtone followed 

y sh - Ie interbe<!.r:l0C 11 ith r ,; l a ivel;r thin lim er: t 0ne b n an a cliff 

forminr , massjvp' , \el l -· bedded lime .. tonc o ':'his is overla in by haly 

S andst one Unit which con st itutes int 0 beds o~ limestone , 6h~le and 

Randstone o ~hjs unit shows r r adati0n frDm cal car eous to arcnnc eous 

lithof~c j es o The top most unit in the area i ~ the ~ertiarv basa lt 

Previous works on the succe ssi on of the Me sozoic units in he 

ce ntral p3rtG of the ~thiopian plateau, pAr ti cularly in the Dlue 

Ni l e Basin i nclude st ud i es by Ferret , Galinies (1 847 ), J cspe 

I\htclrn ( 1961 ), Bohr (1 962 ) , r'E'hadi Shu"lburo (1 968 ) , '~e tane h Acse f a 

1975), and Beaucham ( 1977) 0 

Base on tho .,':love ",'arks, par t icul£1r:Ly Jeeren ' s Hark , the 

rr:[ i onn l li thostr i:1 tir raphy consis t of the f ollowing uni ts . 

BasEll U '1 it 

U-:Jper S i1ndstone U ni t 

Shaly Sqnd s ton \.: uni. t 

LiMes ene TJ1i t 

Gypsum and ~ale i 

Lm"e r nd .., tone Unit 

J. ertia r y 

Apt i an ? - Cenllornanian 

L. Vimmerdri a n - ;p ian 

Callovi an - Lo Kimmcrr.r.ian 

Toar c i an ? - ~athonian 

P rmo - Triassic ? - Li assic 

Accordi ~ly , t~p strati R aphic sequence of th0 stud i ed ,r a ~ps 
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dete r mined to be tho f ollowi~ ~ . 

Ja s 'l l t U~i t 'C q·t i a ry 

L. KiM ne rd r i an - lptnin 

C<:l llovian - L. Ki. e r r1pian 

Gypc ul"1 «nd S 1: 'l l t U ni t Toarcian ? - lD honian 

Gy psum bod", \vhich 11'W. rK t he boundary b(~hleen th e S'!w ly S,~lndstone u ni t 

.:t n ,j the Lirnc s t on0 nn't ar e not nresen in the are" . The- Lo\-Ier 

sandstone is not exposcrl and th c Upper Sandstone i s mjGsin ~ due to 

-p r e - Trapni an rienur1ntion . 

4 . R" I l"[ r '·'Rr· LS ~'OR C l..J I·:"~ NT r·IA ' fUJi' . CTURE 

CCr12 nt raw m~tcria l s J71ay be 'l ivtded i nto t hose esscntia lly supply i n~ 

the lime connonc n t and t hose supplying aluminum silicat es . The 

source of li me is n: tur311 y ava ilah le a s l iMeston e , marb l e Rnd 

mRr l. ~hp sou r ces of a luminu ~ si lica t es ~~c mainly clay • ' f t he 

clp ys are defici ~ nt iT: silica , silica - rich naturally occurring 

rl .:l t"'ri '1 1 5 such i'l.S srmc4 anr si) t r:1<:ly ,qls0 be uscd 0 

4 01 LUI ~'J'f' ('\N~ j) ~POSI'::' 0 

The c :'l. lcarc ous l ithfJf')ci"'s \.rhich foJ'r'1s "n im port nt pa rt of th e 

Ij r1er~ton e 'eposi t i s found 0', in thc S 81y s.~n rlstone U ni t a s 

vlell 'IS in t e Lj me::;t0ne u:1 it. 310 e s cree find soi l have c ove r ed 

the ton of the Sh~ly Snncl s t onc Unit ~n1 only accessional limestone 



7 

with G~r0stone and sh~lc r his i s un~er lain by a rn;ssivc , fos~iliferous 

all~ cliff formin r limes ton e follow0~ by a terr~ce beJow which Ii e~ t nne 

3~l throu vh the J0posit , e XC 0t t in th9 n~rthern "ar of the area 

t"hcre gypsum is found ex?'oserl ~)eneat'1 lirlestone heds. 

If. I. ? DI 8':::'RI'3Ur;:'IO] i 'I D 'l'HI CKl '~,SS 

The li ~es t onc ou tcrops ~re limited ~ithill h valle y s of the Gcffe r sa , 

the 3i r e t i [lnd. t h e Sorloble rivers. The deponi t ,rets t hicker tOHards 

the nor t h . The cliff formin~ limes t one is neAr l y ~or izontally 

!leddcrl a n el h:H3 a uniform t hickness . 'l'h8 c alcareou s 1 i thnf ~l. cies i n 

the 8ha l y Sandstone Uni. t is inte r berl (~d "'i th sanri and shale whic 

have (Iif f eren t trlici :I1.'":S I:) r Dnr,in from 7. Lf '~ meters (bon~ ho10 2 ) to 

30 . 71 me ers ( horc hole 5) . The clastic interhprls Ghow a si~nificant 

incrcnse i;J t.hickn es .s i'1 th< sout1 - eDst clirectj 0;1 . 1"1 hi n a ctistance 

of only nhout 200 me 0rs , there is a ~ifferenco of 10.55 meters in 

thickness - (!v e r are th i ckness o~ the clo ~t ic inter~eds in bore holoR 

') ,6,7 , and 8. ) 

Fron th(: bore hole ata the .,ve:!' )"8 thicl~np.ss of the c1eTlor;i t ,JFtS 

('.'1.1Cl1lnted to be 110 'TI,.,ters. do le v,:r , th'" I mrest elevation reRched 

b y the hare ho l es is 1C)9ir . 72 mr; ters a110ve sea I f: vel ( bore hole 4 , 

F i ~ . 6) , a,d wn~ Ftill within th Jim 0S one unit. It w.:u:; nppi1rent 

that the dr)T'osi continues b _yond tha "'epth , since the bed of the 
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also R li~ectonc. 

4. 1. 3. LI TH OLOGY 

4 . 1..5.1. 

'['he 1 0l.;'er pa:r·t of th" studied deposi til. c O"1posed of lir ht - p'rey , 

fint.: - v r ;<. ined , i~''1sqi vp. limeston e wj Ll-, S01'1e i nterc-::I l 3tion of carbon a -

e('us Material b)H,"lrcJs the urpe r pRr t s . Sty l ol i tic structures \J h i c!l 

0re a reco r d of exten~i ve i n r a s tratn l soluti on a abu d n t a n d 

occRssiona l limonite stains are p csen t . Thi s is o ve r lain hy 

fospil i fero u s and oo l iti c l imes t nnes. The fO Gsils are ~8inly 

bivnlvcs . Rhync~on9 1 i(JG a n rl ne l e1'1Ani te s , whi ch r o chara c te ri st ic 

of Lhe JuraG~ic limostones of ~t hiopi a , have been i r enti f ied . Some 

cri!10icls , r;astrol-O('0S'1nd honey - comb c or.:1ls \/e r c alGo 0 )3e ved a s 

is seen 0 the stru b ('.r, phic Gcc t ior; p::-cpared f r m the stucly of the 

corcs of the dr i ll holcs , (T"i f. . 6) , th8 Ii , estoTI c p;et int(>rbedded 

'vi th f ri a ble , c layey sa,1 rJ stone s CIIl(l rrcy to dark - ~rey sha l es towards 

he top . ~hc i nter erldod snnrl~tanQ3Q r a oc c ~ssionaly fcrr u go n ou G 

and t hin l y bed eel . 

1.1 CT?0 3CrPI C C 'I q', Cl'~Tn ':;TI CS 

fctror-:rnphic c~tu(':y "as 'lAde on .q totAl o f 25 samples 1r01'1 a Gec t ion 

hul~ 1) , totally reprosentinp a t ~ jc~neRG of bout 130 mete r s. 



The s tudy r· vealed th~t the do'o~it consis s of : 

52 .15 per cep t 

34 . 8 p, r ce'1t 

13. 05 -pe r cent 

~i cr 0crys talli~e a l1oc he'. c~1 li~est0nes 

sparry allochenicnl l i~ estones 

~icrocryntRllinc limes ton~G. 

Thu a llochams consi st o f intraclRR s , fos s ils an~ oolite s. The 

j "lt raclasts a re mainly cl)mposed o f m:i.cri tf's. ;':)one intracl"l.sts have 

fe l ~spar and quartz r rains, oolite beRrin~ intra cla s ts arc also 

}Jre~-,en t. ':':' he 'Jsej 15 are dominantly f "I'Rrcm'"'n .6 of r10ill u s cs a d 

brachiopodes and nre costly rA ~lac e d by spa r ite . Iden tif ied fossils 

in c:Lude Crinoid stC'P1 sections , p:"H:;tropodes , ostracodes a n forani if ­

e ras like circulariAs and Kurn bin p31astiniensis which a rp charac ­

Ln ri s tic of Callovian - Kimmer i dRain ~n0 Kimmcrid:' ian respectively . 

The oolites are both circular Rnd ova l s haped ~n~ their cores 

a r" made up o f f e ldspar , quart z ~rains and r 0~sjlso Other constituents 

in the limeston n ,'3 are quart~ <Inri f"ldcpa r r;rains "J h 'l Se :vno n t reach 

,tS hirrh as 25 pc:r cent (s,Jrnpll: no. 1'5 , t a hle 1. ) 

'Phe /Jct rrvraphj c ,' tU ('y ri)sul1:3 for bore h ol e 1 and s(>c tinn 1 are 

~ iven on tnhles 1 ~nd 2 r2 S ec ivcly. 
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P~TROGRAPHIC STUDY RESULTS OF BORE HOLE 1 

(Data s hown are i n volume per cen t) 

All och ems i9! h e r const ituents 
Int raclasts l Oolites~ ~u-art z-rFel dsp~~ 

pellets 

r thochemi cal 
Const ituents 

Spari te il~ , i c r i te Rock Clan . 

t 
I E

--
Sarr.pl e deP.th in r -Fossils ' { 

No me tres ~~ . 

~_' ~~-jti-- 1 I 2 I 40 _ . _ . ~~ _ _ ~O I ~.:si~'::r--,,:,s Oomicri te --J 
~2 10. 40 12 8 2 3 2 1 7 75 Bio micr ite I 

~---t-15.40 r 1 1 --'- - --- 1 _ _ j --;- . - 93 -+~o s.:'!.~ __ b.e;~~~'::£_~ icrit e J 
r---.4 23_50_*~2.._1--_____ !.':.--I ___ ~L _ .___ ~ ___ _+-_--~ 44 

--- --1 --+---~----- ----- -i -. -~-
: I , -e-~~ 5 1--=-~J~ __ 7 __ - -~--+-.!-t-;-

9 _~~9. 2q?_~_. ~Jl=--~--t- 5 -I--l -t 6;-----

Intraclast bearing oo micrit e 

Biosparite 

Fos s ili fe r ous oosoari te 

Fossil bearing s andy micr i t e - - -_._--, 
Int r a clast bearin g b iomicr ite ' 

Intraclast bear ing b io spa r it~ 

Sandy biomic rudite r_ ' O ~.00_1L I 40 -- _ ... . .. l --- ____ 1. _ _ 7 ____ ":5?. ___ ~ __ _ ~ __ -~--

F-;: f::::~ ~F~9j= ~;~~~-=~=~- ·- I ~== :1_·"~ . ~ 1- 5 ':"_ G::_:::~ear=-micrite 
r-:~ - I :~::;---t-r- 1 2 i - ___ J~~ .. -=h~ ~=rf1-- ~~ -"~~:~e~~e_a;i~g sa~~~ite 

* 1 V.olluscs a n d Br a chiop od f r agmen ts 
2 Foraminife r a 
3 Cr ino i ds 
4 Ot h e r s 
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P;::;TROC;V PYIC S'lFDY n.:;SULTS or lL:;ASUR:~D .s~·~C( __ Im~ 1 

Table 2 
- - - --_ . " 

( Date s ~own are i~ voluQC pe r cent) 

____ -_-7.IIoch ems _ _ _ _ e r con s b tuents-p~ ~lf~£ ~t3: ~h'tt l 
r.p l e l FCS3I LS *1 In traclss:s j0 <.: l i t es & ~uartz Feldspars fSparl t e --rrrcrl-ur-il 

2 1-; -T4- pelle ts I I I 
I ---+-------;t----------------------------------------!'J 00 

Rock Clan. 

-53 

54 

55 

5 

57 

59 

o 

62 

68 

76 

2 3 20 

2 3 

<) 110 11 115 10 

4 1 110 35 

2 

5 3 5 

2 2 15 

20 1 110 I 5 
j 

1 ! 

8 

20 10 

8 
- -._--- ._---.--- ---

50 

5 

40 

7 

2 

5 

2 

5 

3 

1 

1 

1 

3 

5 

5 

35 

45 

35 

50 

40 

4 

.- ,.- -._ :I-_L -------- - 1 ---l --'''-'----''-- -~. ''-'- =-t -t·_--
1 2 5 

* 1 Molluscs and b r achiopod fragments 
2 Foramini f cra 
3 Crino i ds 
4 Other s 

am~le ro sition ~ are shown on F i g . 11 

50 Sandy Intramic r i te 

55 Sand y oomic r ite 

10 I ntr a clast bea r ing biosparite 

Fossilife rous intra sparit e 

10 Fossil bearine oosparite 

I ntraclas t bea rin g bios paruct ite 

I nt r aclast bearin~ oosparite 

60 Intraclast bearin~ biomi crudi 

90 Sii sh tly sandy mi c r ite 

-92--- --- ISlifihtly sani:ly-~...,Tcrite-



.1: 

._--_ .. 

-. - ' ,:,--.- ... 

- -.:. -. - ~. ~ ._---- -- ,..... - . 
---:- - --.... -'-~---...:. .~--.. . -.-

-- - -.--._- ~- - .... -
--'-- --.. 

- '-- -----

.'. -. -~------~----! . 

Pl at e 

1. Fossil bearinr: micr ite ,vi th Kurnubi r. pa l astinesis ~ 

X f 4 

I'L.I\TE - --.... -" .. ossil bearinp: s andy . cr it wi.th Kur ubi a palastinesis . 



... 

Pl ate 

3 . Fo~sil be~inr sandy micr ite vnth ostrQcoda . 
X (: 1.\ 

LIlTF' 
~Intracla t r "ar in .. biospa.rudi t c Jj t r crys t alliz d solitary 

coral~ . X r-: ~ 



"r 

. ," ) 

Plate 

Intr~last ~Qar'n~ biosparite . X ~4 

U 'TE 
Y-'osGilifer ous intra...qpar i t e wit '\ 

v ~4 

~ction of c~' noi sten . 



Pl at e 

7 . Intn2.c l ap,t he?ring hiO'1icrt t o Vii t h sections of ?;Clstropexies . 

. TE . : --s:- I nt r clast be :> inr>: oomic it wi t h . oC'Gil fra{']l1ent~. . X r- :i 



Pl at e 

9 . Fossil hearin~ oosoarit e . X 2:') 

. ,; ._', PI .. 
., : 

~ - ossil bf."'rin;:- oosp0ri t e wi t h c-olcD.oora sp . !: (' 1 
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Sampl ;~s f r o(" four of th e ('rill ho l es \,-'e r c ch emi cally a na ly sed 

Sampl e int c r v~IG were no t uniform t h rou phou t but , f or mos t par t s 

i t wa s a pnr ox if"s t u ly fi ve ~etdrs . Cor e sa~ple~ f r om bor e hol ee 1 , 

2 a nd 3 were an8lysed fr om top to bot tOM and bor e ho l e 4 c ore samp l es 

were chem i ca l ly _ n ~ ly se d f r om about 70 me t e r s depth ownward~ on l y . 
<~/ .: 

~ ve rage values of conti t uent e lc~8 nts i n the ir oxide f or ms fo r 

the wh ol e depth are ~iven on t able 4a and a vera~e va lues f or sSf"p l es 

below 70 me t e rs de) th a r e g i ven on t a bl e 4b . This way it was 

possib l e t o sec to what exten t t h Q a veraRe values of tho constit uents 

were a f fe cte d by the presence of the c l ast i c int erb ed s in the uppe r 

parts of the d0posit. The averarc ch 3mica l composition of the 

limes t one accor in~ 0 D0 Leuw Cat he r Int erna ti onal ( 1967 ) , is ci ven 

on t ab l e 3 . 

'\ver"J' e che p' icnl cornpor, j tion o f the limec; tonc ac cor , i n r~ to De 

Leuw Cat he r I n rn~tiona l. 

Sio;:> 1. 91 ne r cen t 

Al 203 0 . 39 per c en t 

Ji'e 2 0 3 
0 . 80 p" r c eD t 

" ;" " 
Cao 54 . 04 pe r cen t 

Loss 0 i :'litio 112 . 7 pe r ce n t 
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'l'3.h l e I+a 

AV e rR{!C v31uor; in p"~ r cent of weii"ht i n t he riry sa;'1ples "'t 

", 11&C ( f or th e ~hol e dep t h ) 

Bore '101 e 1 Bore ~ole Z Bore >,o l e ~ ,·vc r ,, 1 e 
./ 

Si o
Z 

15 085 15 006 13 . 14 11t . 68 

AI Z03 Z 0 L,6 3 0Z0 2 003 2 . 56 

Fe
Z

0
3 1. 49 1. 84 1. 34 1.55 

Cao 43 026 43 023 If5 . 20 43 . 89 

t-Igo 0 . 721 0 . 86 0 . 93 0 . 84 

)\faZo 0 01 0 01 0 . 1 0 .1 
' / 

K
2
0 0 063 0 . 60 0 . 43 0 055 

. . ' Lo Ool ;,4 098 34 . hO 36 . 48 35.33 

r ".18 10 4b 

Ave!'a 'e v81u e s in per cent of wei frh in th e d r 'T sA.n:r l e s at 

° (f or dep th) llO C 1O.~1l"1-:) 1 (' G be 101-, 70 Pl eters 

Bor e ho l e 1 Bore hole 2 Bore hol e 3 nore ho l e 4 Ave r age 

C' . 
.)1.0, 

'-

If 0 33 9 . 97 4 . 66 9 . 5Z 7 .1 2 

/'. 1 o ~ 
2 :J 

0 08 2 .20 0 . 92 2.56 1. 64 

Fe 
2° 0 051+ 1. 33 0 067 1. 01 0 . 89 

3 
JH 0 510 7 48 . 52 51 06s 47 006 4g . 8 

~ii~O 0 061 0 .79 0 065 0 076 0 . 7 

.1.:1
2
0 0 01 0 . 1 0 . 1 0 . 1 0 . 1 

r , "_ K20 0 01 6 0.lt4 0 . 19 0 . 39 0 . 29 

Loo . I o 41. 1 37 . 49 40 . 8 37 . 77 39 . 29 
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F rom t he ch e mic a l a al ysis data wh i ch is g iven on t abl e s 6 , 7 , 8 , 

and 9 , i t can be obse rv ed that thes e ave r af, e val u es ha v e bee n 

a ff ec t e d by c e rta in hi g h or l o w val ues f r o m b eds sha l lo we r t h a n 70 

me t e rs depth . 

To clari fy th i s obs e rvati o n l e t us c o n s ider bo r e ho le 1 

a s an e x a mple , Si0
2 

c o n t e nt r a n ge s f r om 1 . 3 to 67 . 4 p e r c ent with 

a n a v e r a g e valu e of 15 08 2 pe r c e n t . Val ue s of S i o
2 

wh ich are 

rath e r hi gh a r e from s ampl e numb e rs 118 476 ( 5 4 . 5 pe r c ent ) , 118 4 79 

( 23 . 5 pe r c e nt ) , 11 8 480 (34.6 p e r cent) , 118 48 1 ( 67 . 4 pe r c e nt), 

and 11 8 48 2 (30. 2 p e r c e n t ), Th e se r ela i v e l y h igh valu e s t h a t h av e 

r a i s e d th e a v e r a ge va lues a r e s ee n t o cor r e s pond t o sands ton and 

shal e i n the ma ga s co pic des c ri p ti o n of th e c or e s a mpl e s (Fi . 3) 0 

I f t he s e val u e s wh ich a r e d u e to th e c l a s t i c i n t e r b e ds a re no t 

take n int o a c c ou n t , th e a v e r a g e S i0
2 

val u e woul d only b e 5 . 23 p e r 

c e nt . Mo r e o v e r , r e lat ively h i 8 h e r am ou n t s of qua rtz and f e ld s par 

g r a ins i n th e l i me sto ne (25 pe r c ent , l a te 2 ) h ve a lso rai se d 

the sili c a con t e n t . 

' i mi l a r l y , t he v alu~s of CaO r ange r om 1 .5 to 54 . 5 p e r c e n t. 

Th e lowes t val ues bel o ng t o sam pl e s 11 8 476 a nd 11 8 48 1 a n d a r e 14 

pe r c en t and 1 .5 per c n t r es e c tivel y. '.L' h ,,: s val u e s a r e als o s e n 

t o c orres o nd to t h e cla t i c i nt e rbeds . L0 6s o n i gni t i on a s low a s 

13 . 8 o r c ent , 2 6 .2 p e r c e n t and 6 . 2 p e r c e n t which a r e f r om s a mpl e s 

1 18 4 76 , 11 8 480 and 11 8 4 f 1 r esp e c t ivel y ha ve also l owe r e d t h e a verage 

val u of los s on i gn i tion . 
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Th8 tot'll alkali i.s usually c':llcul"tl~d ns he per Cf':1.t arC' 0 

!i,
q 2 0 lu s 0 . 658 i '2S the percent",.,c con :;'1t of K20 and Ce r1C:1. S Hi th 

toted. a l k::;tli C011'C('Ilt be lo", 0 . 6 p r cent have b ~en f0unrl 313 ,'J rule to 

caUC"l; littl ,3 expA.nsi. Yl "ith rcactive ,qn-p;rc'Tates . (L ea 'lnd Des::h , 

1 95 6 ) 0 p, c cor din ro t h '" . I"lC ric a n Soc :iJ' t Y for "'< E; tin fT n :l i P a tc~ r ~ a 1 s 

specifica ti on C'. oS oT oNo , C- 150- 70 , as reL;rn"d in ~Ines , 1975), the 

nHximurn accepted percental e of the alkalies is also 0 0 6. The total 

alkali content c alcul~ t ad fron the ave r an-e values was fo und ou t to 

be only 0 0
1,6 p ,r r;en t , nd th s s2 tif ies t he requirempnt . 

!'-';o r eoV2r , 3;1 ,::xceps 1Jroportion of m."lf"ne sia also f; ives rise to 

unsoundness in c CJ"1:~ nts by c r ystall izin r in the form of periclas 

hich caUGes exnansion crackin~ in concreteso In he ; . S.T . 1. 

speci fic a ti on (C - 150 - 70 ) , the mRximum ascentf'rt amount of mavnesium 

(l~'ide is 5 p r c ent. Th,; ave r are content of r'1ar,ne ia in the stud i ed 

lines ton e is only 0.81, per cent tlnri thus , the limc,tone snt.isfies 

this requireMent Llsao in he r w m~tcrials 

nn lead 0 unsound~esr in th~ Manu f actured ceMent. If r 0sen t in 

qu~~titieG un to 2. 5 ppr cent in rortl~nd ce~ent clinker , s0un~ 

cement can b obtainc~ bv correct burnin~ and pr ornrti0ni.n~ ut , ~uch 

c, C'nts will be slow hardenin'!. Th j s i~; bec8us the P 0 decomposes 

3 Cd). Si 02 in [a vour of A 2 Ca 

2 5 

. 8j 0 s oli e! solu 10n c onta' ninl" t~le 
2 

p 0 an eycess CaO o Th~ li~j tin,· v.9.1uc of P205 in Portlnnct ce[",ent 
2 5 

clinkc'r i" hu ., fjXf'U at about 2 05 - 2 075 p r cent (Le 



" 

- 1 

1956 ). The amount o f P205 was no determined in the st die raw 

ma ter i ls an d th~ su'tabili t v of th r aw materials in thi s respect 

cou l d not be evalu Rt ed . 

4. 1. 5 . LAT.8R /\ L P. ND VERTIC L V.A RVTIONS IN TH~ CHEllIC1, L I ND 

PBTROGR ~ PHIC CH \ R A CT~RISTICS. 

The deposit show ed signific a n ve r tical vari a tio n s in chemical 

composi t ions (Fig. 3 , 4 and 5 ). An increase i n the a mounts of Si02 , 

A120 3 and Fe20 3 is accompa ni ed by a decrease in t h e amoun ts of Cao 

and loss on i gn iti on . Som e rather h i g h or l ow values of t ~se 

constituent e l emen t s a r e due t o the presence of the cla s tic in t erbeds . 

The u ppe r parts of th e deposit u to a n ave r a ge depth of 70 

meter s showed r elatively hi ghe r values in Si02 (1 4 . 68 per cent) , and 

l owe r valu es in CaO ( 43 . 89 per cent ) , and loss on igniti on ( 35 .29 

pe r cent ) . 

The l ime s t one be low 70 meters rtep th who~e chemical ana ly sis was 

no t af f ec t ~~ by the clastic interbeds , showed l at eral va ri a t ions in 

chemical pro~e rtie s ( Tabel 4b ). The Sl'O content increases fr om 
- 2 

bor e hol e 1 to bore ho l e 2 , de c reases t owa r ds bore hol e 3 and again 

inc r eases in bore hol e 4 . Th is patte rn appli es also f o r A1
2

0
3 

and 

K ° and t o a l e sse r ext ent t o M o . CaO be haves i n t h e re verse 
2 

manne r. 

Pe r o r, r aph ic s urij es ha ve als o r e vealed hat there is a 

signi fic ,," t ver ical vetria ti on in the 'Pe tro['"ra phic characteri sti cs 

o f the limestone (T"b el ·l). The depos i t is composed of mainly 
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micri tes '·,hich ,~ ·c c int " rbpddcd Hi trl bisopari cs , oOG]>'1 ri t e E', f0f;sil 

hc ' rin r intrElsi.n.:;iiBs ann in rRclClst he'uin ( hiosparu rl ite s. rhe 

amnunt of al l ochems in the micrit G also shows sirrnifica nt variation . 

liicrocrystalline a l lochemicRl limcston~s AS we ll as microcrystalli ne 

l imestones are present. 00me micrites have as hi~h as 25 per cent 

f:=ldspElr Elnd quar tz r.rFl.i'1s .(Plnte 2) . 

No l a t e r a l variG t' on in the petropraphic charac t eris ics could 

be realised from the studi ed two se cti nns . 



L+ . 1. 6 . D '::; PO ~) I rl' I UF.L ,~i! V I RON~1 ~ NT 

In th e unpe r ~~r t s o~ the deposit c arb ona t o "nd cl ~stic 5c rt i -

The in ~ r e d d in~ i nplie s shn l lo~ - se a 

e nvi r onnen t a nd c n l rl b e explaine d usi nr the i n e r pr e t a ti on o f Ta l bo t 

(1 973 ) a s a mod e l . When s ea l eve l remai ne d constant for A pe ri od , 

th e a ccumula t ion of s edimen t s wou l d out st r ip s u .sid e nc e and vou l d 

1 ·nd to l at e rn l s eawa rd mi~rRt i on of he c l a s t ic nater is l. .: s ht\ r p 

ri se of Gea l e ve l vJou lo co. use ;"1 s t r on p- r o _u c ti on in t r> rr i penous 

s ed i m2n t ati on a t t he SRme site a nd c ~ rbonA e s ed i ne n ts wo l ~ be 

de po Rite d inst ea d . t f a ll i n t h2 Gea l e ve l woul d n ~ain c u sc t he 

de posi t ion of t h e clas ti c ma t e rial on the t op of the ca r bona tes . 

'l'he f ossi l s i c!en t i fi f~d .. r e ty nica l of s hal l ol; rn .-nine en vi r on-

mont. Mor eove r, t ho pr e s en ce of ooliti ~ l i me stone s i s ' n i ndication 

of ve ry s hollo"! , hi [ h - e n e r ~y she lf e vir onm ent ~ h er e ef ·p ct i ve \-lav e 

ba se reach e s t ho sea be d . On he o t h0rha nd , micr i t es a r e de po s it ed 

i n low - en e r gy e nvi r onme nts e i t he r in the dee pest par t of the she lf 

beJow e f ective wu ve lase or in s he lt e r ed zones su ch AS l ~p oons a nd 

tirta l f l E' t a , 1 .• ,hj ch a r e f un ci t o th(' l ee of the hi p·h en e r!!y z one . 

Thus , t h e va ri 0d f~cies in the s t u ~ipd li mes t o~ tcstify to d·f f e r e n t 

sha l l ol" wat e r en vi r onl"1(:n s . f l u c untior. s i n soa I p. vel ga ve ri G£' t o 

s i ~n ific ant va ri ations i n d~ osition .. l con~ition G ~ h icb rosu lt crl 

in the i nt e rb edd in r of ~ h e va ri ou s f ac i es . 
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4 .1.7 RESERVES 

De Le uw Cather Interna ti onal (1 967) calculated he reserves of 

the c l iff f ormin~ limestone to be 24 million metric ons . In 

ca lculating th e r ese rves t hey u sed an a ve r age thi ckness of 30 meters 

which t hey got from the drillings which were al l si ua t ed at the 

edge of t he cliff a l ong a len g th of 3000 me t e rs. They a l so used a 

wi d th of 150 mete r s whi ch was not prov ed by any drilling and the 

specific gravity of the limestone was t a ken to be only 1. 8 . 

In this s t udy a ttemp t W8S made to c rt lculate the limestone 

r ese rves bo th in th e cliff for~in g Li~es tone Unit an d Sha l y Srtndstone 

Unit using inf ormation from the addit ional eight bor e holes. He serves 

in the cli f f for mi ng limes ton e ca l culated by De Le uw Cather we r e re -

eva luated an d additi ona l l imestone rese r es in the Sha l y Srtnds ton e 

Un i t we r e proved . 

The average core recovery was 87.25 per c en t. It was observed 

while logging that the unr e covered portion mostly bel onged t o the 

clastic in erbeds , particul~ rly to the sha l e interbeds . The ave r age 

thickness of limestone excluding he clas ic in e r b eds and a ft e r the 

cor r e cove r y pe rc en tap-e was tnke n int o considera ti on , was calculated 

to be 77 . 47 meters . 

Ave r ap-e thickness of the deposit =11 0 me e rs 

f1 II Ii f1 clastic in erbeds = 18.53 me t ers 

" \I II f1 unr e c overed portjon= 14 . 00 meters 

Ave r Ere t h i ckness of the limt:~'ton e would t hen he 

110 - (1 8 . 53 + 14 ) = 77 . 47 me t ers . 
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Th e a verage el e v a t ion of the u pper f o u r bore hol es (F i g . 28 ) is 

2127 . 63 met e r s and that of t he e dg e o f t h e cli ff i s 2050 me er s • 

The average slope di s tance i s 300 meter s nd the refore , the ho ri z on­

tal distance o r t e wi d th of the lim es tone a s c er t a i n e d b y the bore 

hol es was c a lculated to be 289 . 78 me t e r s. 

The distribution of the bo r e holes a l ong a l e n g t h of 300 0 mete rs , 

was no t u n i fo r m and consequ ently the r eserves we re cl as s ified into 

Ca t a gory A (proved r ese r v es ) , Cat ago ry B (probable reserves) and 

Catago ry C , (pos s i ble r eserv es ) (Fig . 28 ) . 

Table 5 ... 

CLASSIF ICATION OF THE LHiESTONE RESERVE 

Catagor y Th icknes s Surf 
in me t e r s in s 

a ce a r ea Volume Spec i fi~-;;Onnage 
q . me t e r - - " ' ---4-- ----I-- - ---t-- --

A 75 1 40000 \10500000 2 . 6 1 27300000 

B 75 280000 2 10 0000 0 2 . 6 I 5 4600000 

C
1 

75 

J , 
3 1 5000~~_2~J~' 9000_: 420000 

If t he annual produc tion of th e c em ent plant i s 500 , 0 0 0 tone , whic h 

i s th e c ommon production capa city of a c emen t pl a nt in a de veloping 

cou n t ry , th e r aw materials re quir e d annu a ly will be 800 , 000 tons . 

Th e r eser ves ca lculat e d un e r c a t agori es 

woul d then be s uf fi cie n t for 102 y e ars. 

and B ( 8 1.9 me tr ic ton s ) 
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--
Fe 20) C,-O 

f-- --.- - - . -- --
1. 4 48 . 9 

- -
0 . 9 5 10 6 

----
1. 1 49 . 0 
---

0 . 9 4505 
----- ----
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1. 5 49 . 6 
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1.4 1+5 00 
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34 06 
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Description 

Light-grey mallive limestone . 

Light-grey highly fossil iferous ,al 

~ 

Light - grey oolit ic limestone With brachiopod .. 

Light-brown, fossi liferous limestone With bel.m.nl"'s 

Light - brown, fonil beorin g, ool i tic Ilmliton. 

40 Light - grey S Dark-grey Intercalot ion of fou il -bea r lnll, 
mauive limestone 

Light - grey, ool i t ic limeston. With li monite sta ins 

L ight - brown , foss ili ferous, sandy li mes ton . wilh I lmoni e sla , 

• mple pOlil lons 
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CLH tl.~ T ':;RI AL 

4 . 2 .1. G.c, NERAL NPTURE 

The dc ,os i t is a residu 'l l soil wl-tich is '1 !l!'OUUC of Ica n ring 

of the Tra~ basa lt s . It occu r s on oi or side of he Kotch~ crce~ 

uncro the basalt bed rock is exposed . The de osit is wi~ely s rihu p.d 

over th e area . The investi r:a t e area which com rises abou 0 . /
1 s'l . k ' . 

repr~sents on l y a min or portion of th8 deposit. I was chosen bLC use 

the Mat~ r ia l ha s t o bo c l ose enou gh t o the pro no~ect pla t si p. The 

averare thic kne ss of the deposi t i s abou t 4.14 mc ers below w. ich 

~e~thcrcd rock fra gme nts re en c oun t e r ed . 

4 . 2.2. ,1":;:;G S COPIC CH"R;', C'7imrSTIC 
______ _ r ...-• .- ..... , .. ~ _ ..... _ ---

The colour of t he soil vari 8~ fr om redish - brown to Drk~ ey 

",hich is ch 1r.''!ct (~ ristics of i.mperf ec tly drAined soils. I nnn.,':ll esc 

T,O tlcs ;;nG concretions are a bundan Bnd the so ' s 0 s well develope, 

QnFul~ r-bl ocky structur e . 

4.?3 . TEXTURAL STUDIES 

Sam.les fr om se ven test ]:i ts rere m ch '1nic l ly an'11YGCd by 

5i vinr qnd pippe tte analysis to de t e r mine size fr"ctjons of h' 

consti uen s . The re s It 0 ai cd is riven in table 10 . 
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Table 10 

Size Analysis Data in Pe r Cen by '<leigh (Pit Location :ip: . 30) 

SJ:. ND SILT CLAY 

Pit 1 3 . 67 23 . 66 72 . 67 

Pit 2 3.54 16.48 79 . 98 

Pit 3 3 . 43 19.28 77.29 

Pit 4 3 . 80 22 . 47 73.73 

Pit 5 4 . 23 20 · 73 75 . 04 

Pit 6 4.1 2 29.40 66.47 

Pit 7 5.05 25 . 92 69 . 03 

Ave rage 3.98 22 . 56 73 . 46 

Accordin g to Folk (1968) classifico ion he obov 

resu l t showed that in terms of grai n si ze , the soil 

studi e d is si lty clay . 

4.2 . 4. CHEMIC ~L PROPERTIES 

Sampl es fr om seventeen pits \. er e che mically a alyse or i02 , 

1\1 2°3 ' Cao , HgO , Na
2
O, K 0 , H ° loss on ig . ti on n for minor 

2 2 0 
, 

-llO C 
e lements such as Ti02 a nd MnO. Results a r e fi ven on a les 11 ? 3 

and 14. For e ve ry pit sample intervals de pende on h h eic'll 

characteri s ti cs of the soil such as variat·ons in colour tex rc 

or structur e , and as a result were differen • 

The ave r age va l ues for the diffe r ent ole n 5 expr sse in 

their oxid e form was foun d out to be as follows : 
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Tat18 11 

\_---r---r 
Si0 2 Jl. 120 Fe 

3 2 
~31 c~_ 1,;g;-rN~20 I K20 

• 02 b611. 25' 0.331 
--- -- ---~. 

'12 . 01 20 . 13 1 1 h . 

~_-I--l --_.. I 
0 . 73 

L.O. I. Ti02 nO 

8.86 2 . 6 0 .26 

The r e l a tions betw8e n t h e silica , alumin , nd fe rric oxide 

contents of a c emen t are expressed in the for~ of 0 f ollowinr 

r.1Od uli in \jh ich the pe rc e ntage we i bh t ratio s are used. 

The s ilic a 

Si l i~ a modu l us Si02/( A1 20 3 + Fe 20 3) 
Iron modulus A120 3/ FC203 

modulus has a n 3 vera ve value of 2 . 4 - 2 . 7, but 

drops to 1.7 i n Portland c ement s wi th a hirh con en of aluminu 

ox i de nnd ir on oxide . The iron modulus va ri3s frOM a out 1 a 4 in 

r ey ceme nts a nd mny e v e n e x ceed ,n i n whi e c ~nent but , nus not 

fall be l nw 0 .66 (Lea an Desch , 1956 ) . 

Accordi n~ly, it CDn b e summarized t hat he s udied & nples hn v 

( a ) Low v a lu s o f the s il icd modulus with ~n v~rarc v I c o f 

1. 2 p e r cun t. 

(b ) t V8 r a re iron ~orl ulus va lue 0 1 . 18 P r c n 

(c ) P loss on i ~n iti 0n of 4 .1 to 11.3 n r cLnt . 

~ccordinf t o the A.S. T . M. specification (C - 150- 7
n

) ho 

ma xi mUM pc rc en ta ~ e o f th e alkalies i n CAmen s shaul l h 0 . 6. he 
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to a l a lka li content in the cla y mat r rinl W~R f0und out to be 0 . 81 

per cent . The alkal i es t 0n~ to be volatilized in th~ high tem.e r e -

ture por tions of th2 klin qnd si ~n i fic~nt n~ount of plkalic r o ~ 

the raw Mi x a r e lost durin g burninf . (Lea Rnd Desch , 1956) . Thus 

th~ ~ . S . T . l ' . spe cification fo r the finis~ed roduct could b met 

wi th raw mate riHls havin~ some what hi ~he r valuos of alkalies . 

~h0 de p os i t shows no s i gni f icant I nte r al an d ert ical variations 

in ch2mical composition ( Tables 11 , 12 , 13 , and 14) 

Hence , t he motr) ri a l stuc1ied arc che mica lly s ' t blc for he 

M~nufnc tur ? O i Port l and cem ent , provided the silica mo ulus is rise 

usinr si lica - r i ch mat e r i a l s . 

02 . 5 . RI'.;S.r,RVES, 

Se ve n t 2en p i ts with 200 m2t c r s i nt erval we r . d r alonr t r~e 

prof ile of 1000 rue t e rR 1 8 n ~th ( fi g . 30 ). Fr om h se it s it ~as 

f ound out th2 t the a vc r afe thic kne s s of the s oil is .14 meters. 

ith a s ur fa c e arc a of 400 , 000 sq . me ers , his woul i ve a prove 

3 
1'1 or he e quiva l ent of 656000 x ? = 31? O(V ) 

reserve of 1 , 656 , 00 

Metric tons . 

For on e ton of cemen t 0.35 ton of cIa is r eQuir' • 

a ] 000 t f emcnt t 1" cl y I C5c rvc louIe! 
n ann uCl _ Jr odu ct i on of 500 , ons 0 c v 

h enoufh only fo r abou t 9 years. This 1'1 ems th< he 

would n ot b~ s uf f ici ent . owe ve r , the de osi s I n , !r lly ex 

and rnor~ rcsc rve = cou l d be "rov ·d easily . 
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4. 3 s ,'\.jmSTONZ DSPOSI T 

G/ :F SRP,L N, TTJ ,L OF '-'H3 DEPOSIT 
~. ------------

The Sandstone de posit which com pri s re 38 . 7 per cent of the ~l ~ly 

Sandstone Un i t is unde rlain by int erb ,"ci s of limes t one , sh;11c an 

S~ dstonc which con s titute the l o~e r pa r ts of the Shaly San ~t~ne 

Unit . It i s over l ain by soil cover and basalts J nd ' l ocate] 

a~onl' th ,··; no rth - '-'Je ~> t 2 rn ed !,,:e of t he stlldiecl limertone cposi. T.1C 

sRnrlGt one ou tcr ops are no t mappab l e \II i th a scale 0 12)00. "'h:·re 

are ve r y fe w outcrops and some mor e have be en e xros d by ro;'( cut . 

So , drillin g was necessary to de t e r~ inc l a eral and ver tical ex ent 

of the dc¥osit . From the dr illing r esults it was observed th t there 

i ~ a l a t e ral as wel l a s a ve rtical var iatjon in t he dis ribu i~n of 

th .-: sand s tonR. i. e . , i n thickness imd in th e de t h a ,.hic
l
, th_ 

sandst on p i s fo und . In s ome place s th e sandA one outcrops 0 
(: 

su rface wh ile in oth e r s it i s foun d undernea t h a cons '(e~~ble 

thickness of overbu rd e n . The thickne ss of th l' overb rd en v' r ier, 

f rom a bout 1 meter t o 11 met crs , with a averahe hic kness of 5 . (0 

"'-'-'':.-: .0. __ " .~ • • .: : .. ::. . .:.:.. ... .... Cla y an d s hal e intercalation s are r a her c om.nn wi hin h~ 

s3ndstone o Th e S;3.nc [,tone de posi is a l eft - ove r from dif • r •. r . ... i:l.l 

erosi0n hat ha s ~en buri rl by basal t flow . S r Me 0 
he 5:11 f, hnvc 

" been rGrnov~d durin~ the forma ion of he valle y and 5 n rp~ll "cne 

. . ! .. 
o tc rors of s~n~rtcne are ae eno The r es hAve .e n c0verud h' 60il 

[lnr< slop"" G cr o_~s of el i r f e r on t thic knesses ~ 

.. ..:.. ..... . , .l 

-_ .. "'-." 
',' -- "'-'--... ---- '" 
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The thickness shoJS considerabl8 var i ation . Froe hp drillin 

inf ormation it VEl.S seen th:\ t the thinnest bed is 2.5 e ers hick 

an~ th e thic ke st r2Bchcd 40 mete rs , includin~ the clay in ercalat"ons 

( abou t 10 me ter ,., thic l< L How ever , the ave r are th i ckness .JaS ca c lated 

t o be 18 . 4 me t ers . 

The sandstone i s c l aye y, ve r y f i ne - gr ai ned and poorly sorted . 

I"; 

The crains a r e hi gh l y f riable , ex cep t fo r some hi~hly ferru genous 

thinnly bedded and r e l a tive ly c ompact sand stones . Cla y intercnla ions 

'He cOf'1p'on and 13hO\v gr ada ti on wi t h the s an st.one. The c ol ou r v[\ri('~ 

fr om li~ht - grey to redish- ye llow and some ar e variega ted . 

Pe tr or ra nhic ~tudy cou l d only be made on hre th insections of 

sands t0ne fr om the core samp l es . Since th sands ones ~ re cl~1 0v and 

ve r y f r iab l e, it w s very diff i cult t o prepare thin section~ ~n" 

loose- i" r a inG "'0.re mounted to ~ake thinse ction s . on s<'quen 1y he 

r gl ,tl.or h . b t t " r r ~l· ns and c ema.nts w s no t 5 u "rd 
"" !,', l P c we en ma r lX , n ,..-

a,propri 8. tely . 
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HO'.'leve r, t he Gtu dy sho"l c d tha t the "ands t! no is imMA urI' poorly 

sorted ' :i th suban ~u1 2 r to su~r 0und e ~rains . It is comrosed of 

qbout 20 ppr cent c l ay M~ trix and 80 p~r cen t c rains . 

'::'he p ,;t ro[,ra>lh:i.c " tucly r esults ar e r.:i ve n belo'J . 

Sample noo 1 

70 per cent quartz show undulosc and s rai~ht 

extincti ons . Most of he ~rnins 

a r e coat ed by limonite .nu so c 

are f r a c tu r crl.. 

23 per cent f e l dspar The t ypes in escenrlin or ar of 

abunJance are , orthoclase , mic r o-

cli ne and pla~ i oc lnse . 

5 pe r cent rock fra p: r.1Cn _ s !lnd chert . 

1 pe r cent bioh t o a nd hornbl e d . 

1 per cent zirc on , rutil e a nd map;netite . 

74 pcr c ent quar tz 
Simila r with th above but wi h 

l ess l imoni t e s a'nE . 

20 pe r cent feldspar 
11 

3 pe r c ent roc k fr armen t s a nd ch r 

1 pcr cent bioti t e 

2 pe r cent marne t ite and zi con. 
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70 pe r c ::m t qunr t z Similar \I i. th the 'lbove one 

20 p·~ r cent f e l d spar 

9 per cent r oc!, fr apnents anrl chert 

1 pa r c ent ma gnetite an rt zircon . 

Accordin r to the class ificati on of Petti John (1 975) , the 

studi ed sands t on es are arkosic wackes. 

Sandst one s a mp l e s re pr esen ting a thickne s s of ive mete r s fro 

'm" of t he bore ho l es (b ore h ole 3 - s ) were chem ic A. lly anCllys d to 

g('t some id0:a abou t the cornposi ti on of t he srmc1s t one. The cheT"lica 1 

analy sis result i s ~ i ven in table 16. 

~abl e 16. Che ~ i cal Analysis of t he Sandstone Expressed in cr cen t 

of ~!e i ghL 

Ia ° 2 

It was seen fr om the chemical analysir.; result 11a 

2 . 1 4 . 1 

2.3 4 . ;:' 

~--------------

he perce. tnr;e of 

This m y be 

SiO 
2 

is re l at ively low and that of Fe 20
3 

so cwh t hi h . 

because t he s ands tone i s f e rruge nou S and contAin " si nific·l
n ;1,.,Ol 

of c1 y . The av c rA~e sands t one has 75 -80 per ce 
n l es 
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t h O-n 

l:linc e the s :::.mpl c s wer e t aken from wh -tt wus co s ider ed t o be i t h 

r el " t i vely l e s s a mount of cl ay , lo we r silic ~ conten 3ho l d be 

expe ct e d f r om mos t of t he r est o f the snndstone. 

4. 30 5 . DEJ!Oo5ITIONAL EN VIRON tlENT __ - _..-..""'-~----.. ~ ..... --- .... v..,..-

The int e r be ds of limes t one , s he l e and s a ndstone wh"ch 0 cr i e 

the An t nlo limes tone wer e t aken to be the l ower p ~rt of Ie Uppe r 

s a ndstone r epr esenti ng a grad ~ t i onel conta ct. (Meh edi , 1968 ~nd 
Be uuch~mp , 1977). But, a cc ording to J epsen (1961) e nd Ge t o-nch (1975) , 

the int e r beds cons titut e u separ 8 t e unit. "he Uppe r s a nd s t one , 

including the Sh~l y Sends tone Unit , wa S supposed t o be 0 re gr essive 

f a ci es by Blnnford (1 869 ) and t-ie r lo and hi nucci (1 9 8) . 
.ch ~,d i 0 

the contr O-ry beli eve d t h" t thi s uni twas a ccumul "\ t e d in , f e w 

sepa r a t ed be s ine wh ich a r e shallow Bn d t h r efor e , do s n't i ndic \ e 

r e gr ess ion of t h e sen hut , is mor e l i kel y [ r esult of gr du 1 

shallowi ng of t he b asin due t o s e di ment a r y i nfilline;"". 

Th e cle yey , ve ry f ine - gr a ined s and tone wi t hi the ~h.l ' 
Snndstone Unit conrs ens upwa rd giving wO-y to t e Uppe r ~3 Gt one 

which i s continent a l . 

The o5 haly Sand s tone Unit r lso shows gr u n io 
f om ca l c '\ eo '" 

to a r enac e ous lithofa ci es. The upw~rd coa r se i b nd t e gr ~ 10 

may be t ake n as a n indica t ion of tra ns i i o f r om n m rin~ 0 n 

B~sed on the ~ bov 0 se rv , 1 on~ n d 
continen tal envir onmen t . n 
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Bore hole 8 - S 

Depth 
O m . 

Oeser i pt ion 

Grey soli 

Grey soil with some weathere d balalt pebblel 

Liohl-orey, friable, Y. f ine - ora ined cayer "" 

5 

Lioht- yellowish, friable, Y. fin.!;ora ined clayey III , 

Redish- brown, Y. fine - ora ined clayey lit. 

LiOhl- yello wis h, y. fine- ora ined , clayey III , wi l h ore y 

10 shale intercalations . 

L iOh' - yellow is h, Y.f ine -oralned , elayey III 

15 

, 

1I0hl-yellow lSh , clayey .. I wl lh lI'Ia le Inlerea la lont 

20 

Fig 19 
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Depth 
m. 

Bo~ hole 12 -S 

Description 

Block sOIl WIth some bosal! boulder. 

5 

10 

15 

20 

Dark-brown soil will boson pebbles e. boulders 

Light- yellowish ,fine ' grained clayef sond51one 

Dark-brown soil with boscH pebbleS 

Light - yellowish , friable fine ·graln.d clayey .. I. 

Yellowish cla.tone 

Light. yelowish ,fr iable ftne grained cl a yt t ssl 

Bro w n clayslane 

v . Ii ght - yellowish, frioble ,clayey .andllon • 

Li ght -yellowish, friabl. clayey "I.wltlllhol. Inl.realo tOni 

Lighl-yelowish,Irlobll, c layey IS 

Inlercalations of gr.y shol. & ssl 



80re ho le 13 -S 

Li thology Depth 
m. 

Description 

" 0 • 

. - " \ . : . ~ .~ ", 

" ' ::' ~ 

- ' . , '- '­: . . , ' ',-· .' . .. · ... . ' --: . ' 

. ' . . .... -
· . . ' . ' : . : 

: ~' :7-' " 

._' . .:. :. 
', ' " 

- .-.-. --
~~ 
.- ' - :~ 

. - . . ' - ' 

' ... .. ...:. :. 
_.- ." 
. : ... . - . 
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.... .. ~ 
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'- ' .. ~-.. - . . 
. ... :~ . . . : 

' . ... 
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. :' :. ': .:: ': : ~ 
','. ' ,'. ". 

7.<~ . . '. ' . 

- --
--' C

r
' ; : 

~ ~;.'. -

--- -- --

-_ .. -- '_ .. __ . . _._.-

DaB-lIrawn soil with weathered basalt fratmen" 

Lioht yellowish, friOOle, f lne-ora i ned, clayey sst 

5 
Yellowish-oreen shale 

Yellowilh, f ricmle, v.fine- orained, clayey sl1 

Varioated shale with sand intercalationl . 

LiOht- orey. fine- orained. friable. cla~ sst 

10 

Li oht -orey , fine-oroined, cla~y Sit. a sha le IntercalatIOns 

15 

Yellowish-red shale 

Lioht-orey calcareous lhole with sand IIIt,re. 

Greenish shale 

Intercalat ion of yellowish-orey shOll a f ine - orained clayey II 

20 

FI 
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Bore hole 14-5 

Depth Description 
o m. 

5 

10 

Black sail with some basalt boulde" Ii pebbles 

Dark- brown soil with many weathered bosalt 

boulders a pebbles 

Yellowish, fine-orained, frialtll clayey III. 

Varigated shale \with some lit inlercaklt ionl 

15 Light-yellowish a light-grey, friable, clayey -,. 

t 
.... hole intercalaionl 

L ight; yellowish. clayey II . WII" I 

,'- : : 20 

Fig 2 

, 



Lithology Depth Descr iption 

-

-

---

-

, ' _0" ,I:. :, __ -,'.; 
" ,:--: ,.... t o. ': 

-- --- ---
------ --

om . 

Black loil with bOiolt pebbl .. a boulderl 

5 
BroWll soil with l)alOlt pebblea a bouIde~ 

Ye lIowish 8 II rey sha~e with some land 

LiQht-yellowish. v.fine-Qralned clayey .t 

j 

VariQated shale 

· . " ' . ..... :..:.:. 10 
'_ . , . . " .... 
-" -1 • · . . ....: . . ' . 

. ~ . . " 

. ':-', 

• z.... • • '" 

.... ' . : . . ' . ' ... ' 
. . . -;-

'.' .-· .. : . :. 
· , '.- ' 

'-, ' " 
0 ' ' , '-' 

· , '.- ', ' 

.. ': .'. : ' . 
" ~ 
. :.' .. ' ._._ ... .. . 

. -'-.- ' , ,' , 
0,: ', __ ". 

--... . .. -.­... 
.' . . . 

15 

20 

Li,ht-yellowish • v. fine-Qrained frloble, clayey sandttone 

. 
Yellowish-red Ihole 

LiQht-yellowi1h• y. fine-Qralned . friable sst 

with grey shale intercalatlOnl 

2 

Bore - s 



Bore hole 16 - S 

Lith.ology Depth 
o m . 

Description 

· .. '. 
.' ... . 

· ... : . . . - . · : .. ' . . . ....:....... . 

. ', ' ' '' . ' 
· -:- .... :', : " 

. :',',:-: ~ . 
~" " 

.. . . ~ . . 
· . . . . ' . 

' · 7 ' ,·""'7 

... ~ .... ... : . .. . 
· . 

. ,' . . 
", _ . , ' 

.- ' " . . . . ' , 

· .' · . .. ... __ .. . 

. ' ,-. " 

- - ----=-.::. :-

5 

10 

15 

20 

Block soil witli some basal! boulders 8 pebb les 
;, 

Dark- grey so il with wedthere d basalt pebb les 8 boulders 

Angalor - subrounded basalt boulders 

Dark-grey soil with weathered basalt pebbles 8 boulders 

B rick -red a yellowish sandy clay 

Light- yellowish with, fr iable, v. fine oQrained clayey ••. 
i f 

Hedish-"brown shale with aome yellowish SIt intercalallons. 

Light..,.yellowish, triable , f ine-grained, cloylY SIt 

light - yellowish , fr iable, fine-gra ined , cla y. y 1St With som . 

cloy intercalation • . 

Light _ye llowish,.f riob le, f ine-gro lfled , daye 

Yel lowish - gree n shale 
light - yell OW ish , f ine- gramed, f riable , clayey Itt 

Yellow ish-grren sha le 

F IQ 2 

I 
\ 

\ 
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pr 0viou s works , t h e mos t pr oba le de osi t ional cnvi 01 en co,l b 

6 i. da l f l ts ~ ich PrlSS 
io lly 

a l ow- e n2r gy e nv i r onme nt sue 

i nshore i n to alLuv i a l c oas t a l pl ains vlhere t he e,o'i i n 0 h 

c ont i nenta l sands tone t ook pla c a ~ 

4 . 3 . 6• RZSi~RV ss 
As shown on F i ~ . 12 , the s~nds t one bo y OCCU i 0 An ro of bo 

400 , 000 sq . me ters and the a ve r a r e t hickness i s nbO t 18 . 

This Mean s that the sands t one deposit i s 18. 3 x ,,)0 ,000 = 7 3
20 

COC.

3 

nr t h e equ i val ent of 7 , 320 , 000 x 2, 35 = 17. 10 mOllion me ric on . 
975 000 on5 

For a nnua l pr oduc tion of 500 , 000 on s 0 ce nen 

of r aH ma teri a l s a r e re quir ed . .".. S 6U in r- ha ",6 hi ,h nC 10 er Cl!n 

wou l d be needed :~i ce th€' i02 con en of he 

silic8. corr e ctor 
of s :tnds on(> reauired j,r yr> 1 r wo ld 

un 
sa n c1 s t one is l oW , t he a m 

be 97 , 500 t on s. ThiS sho vs ha 

f or about 175 y ear s . 

h e> s~ n d6 t ()ne re'- rVC wOlll 1;11"" 0 

4 . 4 . GYPSUM DEPOSI T 
Gypsum i 5 one of the raw a t r i 16 u. cd; sm 1 "oun c. 

c of or ln 

m ~nufactu r ing . It 16 u sed to con rol h se ~n 
ceMen t s . The s e ttin r-; time a s w s defi. cd Y 

o c (')';) 

x 

i s of a r b i t r a ry ma~nitude be i pie which c i r 
i 

t he cemant with the we e r befor e 

~rbi r Arly f i xe d r es
Bure

• 

The maximu m c on t e t of f,y sun whic n . 

i ' 1 
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accorciing to the A.S.T. t1. specHica i"n (C-1 50.7 ) , 0 . 0 

sul phur triox i de in thn finished co 

4 . 4.10 OF '·'liB D ~POSI T --- - -

r c . 

The gypsum deposi t is loca ted - t the no th~rn co I r 0 lh 
o I 0 0 

atu died a r ea (F i g . 31). It is bound ct by 38 23 1 _38 21 3 

o ' . '~ 

: ns t and 90 23" 50 
f 

32 
.I. 

e or.i o 
9 19 North oor in t s. The 

is fo un d beneat h the limes t one and occupi s h 10 p.~ oei 10 in 

elevation . It is interbe dded wi h dolomi e 11hich rr.tc! c u 

into limestone . The lowe r part i ur e eyp5um. I co r c 

separa te bod i e s , all alon~ t he sou her ban~ of h sndohle r i v r 

and the avera~e t hickness of he ~y su~ depo i is 

4 . 1+ . 2 . LITHOLOGY 

4. 1+.2.10 ::ACROSCOPIC H. RAC~TICS 

The ~ypsum i s fi nely cryst lliue , well - h 
. i v • 

I t sh ows s e condary s olu on fea ure::; on he., 
5 col our 

va ri es from white t o ligh t - r ey nd pi nk . 

4 • 4 • 2 . 2 • rn C R OSC O::.:P:...::I;:..;:C:-::.::-=~~ .-;.....--

Two thin s e cti ons , one fr e 
nnd no r 1 • 

r 
inte rb e dded dolowi t e Tere ("facte 0 go 50 

petrorra hi c characteri Ftics. ~ho rYps ~ i 

1 p0 r c~n t of very f ine qual tz r in • :0 

t
tl . te 1 ich i o in r b 

h gypsum but , the (0 oml 
h 

y 

is fossili f e rous ( 20 p r cpn ) . os 0 



Pl ate 

11 . Fine-'I,n"ained fo<::silif erous dolari t e sh 

r 61'1e.c ed by ro , sum . y r. 

il 



", ' 
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rD1ysum ( Pl at 11 ). Th n ol~ml.·t . d f . t . - , .: 1 fj compoc;.~ 0 1 ne - p ~ln 

dolo sp "3 rit r;s , an' c an t , in 1 p~ c .n quurtz. ancl 

gr a i n s .· 

Two r a ndom sampl es of gypsum were c hc~icBll a] se o d 

mine the pur i t y of t.l (~ .YP SU l'l . The: r esul ob ainc is i Vc 
n 

t able 17 . Chemica l a na l ysis of he ~Y PSu l'l · xpr ~ss, i 
r Cl.!n o f 

~~ w i ght ( Aft e r Gumorov and Akli lu 1 7 ) . 

~a";:e l 5i02 
Fe203\ '.: ' CaO [11,-0 ~'2+20 H 0 ,L . O. 

\ 
\ 
I 

A1
2
03 

Ti O 
2 

2 

i 
• I - 11 

I -- .. -
I 

T-= 
I 

i 
1 , 1. 0 0 . 2 0 . 2 0 . 1 33 .... 0 . 1 0 . 1 0 .1 14 . 0 . 7 

I~ 
I 

! 1. 0 0 . 2 
T 4 . I 

2 I - 0 . 2 0 .1 3 .1 0 . 1 0 . 1 0 . 1 . 2 

, i I 

A su plhur t r ioxi de c on t 8n of 36 pe r clnt is u u 11v 

speci f ied f or c em(mt manufacturin r, . ( G rove s , I ')1)6 ) . 

S03 satisfieR t~:is speci~ica iOI1 

[or the various e l ements showed 

sui table f or ce en t ma uf qc turin • 

4.4 . 4 . D~POSITIONAL ENVIRONMSNT . ._----

n t h ' r s 1 

h f'YP-

Th e gypsum i s in erb cdded ith thi do 0 i 

tow~ rd s the t op wi t h limcs one Rnd s h\ 
:0 

se con ar y or diapeneti c ori [ in rn hI r t n 
ri 

o t 

i P r 

dolo i 

y . 

d t ~ f rl' nry ori i 
finer than . 0 1 mm a r c b~lieve 0 i,e a 

n i 

o 

. 50
3 

--
I G. () 

I 
I 

• c; . 81 
I 

o 

of 

I ) . 
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The finene s s of the dol oMite cryst,ln and hr lhi . ( 

may be taken as an i nd ication t h', t h '"! clolol'li c is lil-:01' 0 he' 

rimnry w~ i ch pr ec i pitated at he early 5 ale OL ~hc IY' U~ for~l -

t ion a As socia tion of gypsum a nd ol omi c in presu L 
o C I 

produc t of a pro r,rad in~ shallo lo~oo - sabkha comple x ( e ijohn 

19 75) • 

The gypsum outcrops OCC UUY a to a l leng h of obou 
000 ,. t' rn 

aDd the av ',~ r a r; e thickness is about 150 ~ ers . ~on5 erin: n 

surface are a of 1000 x 300 = ~OO , OOO sq . Me t ers , he r ~'rv' of thp 

gypsum deposit is e stimat d 0 be 300 , 000 x 150 x l.'~ = 3 Million 

metric ton s . Thi s would be e nough f or 4200 ye~rs wi h n annual 

production of 500 , 000 t ons of ce ent . 



2 -

5. fQTi.9L1.1SION jl ND 

Th e s tudy s h ow ed ha t he li rn 0 s t one is c le ~ lcal1y of roo 

nual ity an~ is foun rl in l ar"e ~ ount (81 . 9 million t ons) to 

j tH,tify utiliza ti 8n . In ca lc l : t l n r rcr"'r're"" , only hI' 

b e ds , l e~vin ~ t~ e in te r he d crl sand tone Rnrl shal e 1 re con. i ar'( 

and t h is waul , requir e s e l e c t i v p. qUr.\r ryin ,' . l3u , t!1' , v · r I" 

chcrnic8.1 analy sis r esult , inc l din r h e Cl 'l f:tic in l'b f'ds sho\o/ctl 

tha t the deposit is che micall:v sui t Rbl for emen mnnllf o.c urint' · 

The si lica c ontent was f oun out to b a hi ' hi , h (14. 63 e r Cl~ ) 

Rnrl thi s c ou l d be of a n advantape s inc e t he s t u rl ied clny M' erinl 

i s defi c i ent i n s il i c a . Th i s s hows hat hpre is ~ pos~ibill ' 

t o u s e t he deposit as a whol e an~ this ofcource , wo 
inc r ,\JP he 

r e s e r v0. . 

The clay mate ri a l s tu cl i e rl dj n't urn out 0 b 0 '\ 00(1 

nURlity b ut , as the valu e of hiG rrtat ri 1 is vr. r low I) .1110' .... 

d i Gt an t t r anspo:rlat ion , t C' cl'1Y m tc,ri<1l i.n t>lis /I 'ell his (' I .... I S<.:cI 

mak inr t he nec e ssa r y corr r cti ona. ~h r r o ved r '~rvc is 

rlis t r i but i on 0' th 0. clcpor.it i- ex enr.;'vl' '1n(' ·~t)r ro'" rve coulu 

be p r oved . So , nore pi s hay _ to e du inor r I) )ro
V ,del 1 10,.01 

r c·:,c r VC Go 

Thf~ sand r~ t on8 cposi 5 d' p( j ~ ;'\ 

t - v r fr om ~ f r n n1 

Q osion t In t has been b ie 
b bnral, 10 '. • d of 

rli ff e r e nt 
~i c ~ne SS0S . Very f pw ou erO . 

r oln n 



mos t of the sandston" i n f ounc4 bellt'" \ :L1 ovp r burc!"n h Vl n(y 

diffe r e nt t hickna s ses. 'Ph0. thj ckn , 'S 0: h" (lv'rb rrien '1 i (' 

cunsi s t s of basAlt boul ers and Roil , var ius fron bou 1 pro 

11 me ters , wi t h an av ~ ra qe thic kne ss of A nu 5 . ~0 Me r ~ir 

:~ean l3 , 2 , 240 , OOOm3 ove r burden 1 as to be cleared 0 f 0 I.hc 

san ds t one . Moreove r , the sands t one conta inn ~a y in e rc~1 tions 

and about 20 pe r c ~ nt clay matrix a nd as a resul t 0 6i li u con 

i s expecte d to be r e l a ti vely 10J . ~1 1 the ~, nd ,-, t c n(' cor s. fTlples 

ha ve to be ch em ica l ly a nalyse t o r;t; ('t . he a ve r t'O con ent 0 51licCl 

fo r t he wh ol e depos i t so that , thl" arno n 0 san s one \ hieh ",,'11 

b~] r e qu i r e d will b e exac t l y 1' nOl-I n . 

The g yps' ;.' deposi t studied is ch c'1ical ly ur Il n 13 11· I" 0 re 

sui t ab l e for ce m~n t ma nu factur'n~ . Th ypsum is in or c( dprt wi h 

,io l clr1 ite , pa r tic ul a r l y whe r e th o in C' rbeddin r; S Ell'S , Thc! .-;c 1:; .'rhedr, 

shou l d be a voi de~ while quar ryinr. The d.pocit i" qU1 _ ~i' Ind is 

considered t o be in exc es'" of hilt M,,, C r C' '1u i ;-, ,OJ' lit c", n 

I'l'''l nufac turin r · 

I n con clusion , he r'1\V rna criflls " tu "iccl El r p. .u 

manu fa cture of Portland cem cn , an I exi~ n sIr lCl ~ 

'>1 

'11E\n 

r 

'j 

he 

to warran t th e instRlla ion 0 a c me n I t.n in h '../ay loe 1 y . 
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60 ACKNO\ 'J LEDGEl'~ENT 

Gre:) t ful t , on <'3 nrc eyp (' ss e to T'y C\(!,:i';or Dr. r~ nen \Sf;' f 

for h i s guid Rn ce an rl critic a l r e , rij n " of h i~ d i~sertn lon tn 0 

! to ~,klilu :\sse f a of the E hiopi n In s i u e a '1t'o l n ic II SU'} y6 

f or his invnluab le help in the r _searc h c on~ uc ~d. Tho fiel work 

was finan ce d Y t he Hi ni :=; r y of tlines , ;ncq "y an ,}a e r ." ,ources . 

Chemical a nalysi s ex pen s e:=; w ~ re cover d by t h S lildinr · ~ t' r ia l r 

Corpor a t ion . Fin ncial assjs Dnce rOM the Swcdi ;h ~~cn c y f or 

Re5e
n

rc lo) Cor pora ion vIi th Develo-pinF Countri e s (S;.REC ) 'IS u"cri 

t o cove r part of expe nses incurred in th 

disserta ti on o 

re pa at i 0n 0 this 
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