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/'.BSTRACT 

The Katta rocks form part of the Bi rbir group of the upper 

compl ex s i tuated in the paleo- ca l c-alkaline arc that runs north­

sou th across the country and which compri ses thick sequences of 

metavolcanic and metasedimen tary r ocks 0 T he rocks are intense l y 

folded and faulted o Their minera l ogy and texture indicate that 

metamorphism is o f the greenschist facies o 

Logging of fiv e bore ho l es , the ir correlatio n and subs equerr 

petrographic s tudies on selected samples are conducted and de pth 

variation i n miner a logy i s presented o 

Geochemical studies o n stre am sedime nt s , bed r ock and f l oa t 

samples, soil and core samples , and statistical trea tment, o f the 

results show that there is lateral and vertical variati ons in the 

copper and zinc mineralizatio ns . The geochemical s oil maps show 

that Cu , Zn , Pb , Ni , and Co mineralizations are concentr ated 

along fo liation and bedding p laneso There is low litho logical 

c ontro l of mi neralization o Moda l ana l ysis o n the cor e samples 

s how that main mineralizatio n is a s sociated to carbonate o 

Ore microscopic studies show that pyrite , chalco pyrite , 

magnetite , bornite , cubanite) bournonite , cuprite and spha l e r ite 

a re the ore minerals found occuring in bands , as d i ss eminat i ons 

and in veins o Two types of mineraliza tion are recognized 

syngenetic stratabound and e pigene t ic vein and d issemina t ed types . 

It was the syn~enetic type that g ave rise to epigenetic types as a 

resul t of later met a morphi(: and supergene remobilization. 'r'he epi­

geneti c type is considered to be the main mineralization in the area o 
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CHAPTER I 

I NTRODUCTION 

l~l. Purpose of Investiga tio~ 

h ltho u gh a c o nsider a ble a moun t of drilling and geochemica l 

data are availab l e f o r Ka tt a li ttl e work was do ne o n the geo-

l og y , pe t r og r a phy a nd compos iti on of the r o cks. Th e mod e o f 

origin o f the Cu - Zn - Pb - Ni s u l phides has no t be e n studie d 
" 

a t a l l . 

The pur po s e of this study is to pr ovi d e new da t a on the 

geology and mine rali zati o n in the Kat t a a r ea . Ba s e d o n sur-

f a c e geologica l ma pping o n t he s cale o f 1:12 , 500 of a n a r ea 

of a bout 35 s q . k ms. , geoc hemica l ma ppi n gs on the s c a le o f 
, . .i ~' 

1: 2 500 o f c ertai n c hoos e n l ocal iti e s a nd s t udy of fi ve d r i l l 
', ; , , 

ho les wi t h i n the locality o f Ka t t a 2 , the s tratigraphic r e -

l a ti on s of the r ock u nits an d distr i but i on pa tte rn o f the 

e lemen ts a r e deter mi ne d j St a t i s tical t r ea t me nt is done on 

t he d a ta t o see the g eoche mica l behavi our of the e l e ments, a n d 

the r ela ti o nship o f t he mi ner a liza tion with the str a t i gr aph y . 

Based on the ne w data t he or i g in a nd nature o f t he 
1 -

sul phide miner a lizati o n i s d iscus s e d . 

" , 1. 2 . Loc a tion and A~ibi l i ty 

Ka tt a is l oca t ed in Western Ethiopia about 10 k ms o e as t 

o 0 o f Nej o a nd is bo unded b y l a titude s 9 2 5 ' N and 9 28 ' N an d 

longitu des 3 5
0

32 ' E a n d 3 50 3 5 ' E o The t own o f Ne j o is 51 5 

kms o fro m Addis Ababa , and i s ac ces s i b l e by an a ll-weathe r 

r oad , wh ich pas s es near the i mmedia t e s outher n margin of 

t he a re a . 
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I\S th area is highly dissected hy rive rs and s e ms 

with d ns e v e atio growing Ion h i courses , acc ssibil -

ity is restrict d alony feed r roads hat Ie d 0 the various 

mineral prospec s wi hin the ar I is only during th dry 

sc,sons f r om November to June th t cc ssihility is ossibl e 

b f our wh e e l ri v e . 

10 3 . MeLhod o f [tp pro c h 

Geo logica l mapping is done by _h e author o n the sca l e of 

1:12 , 500 on - n area of about 35 sq . kms. Map com i l a ion o f 

he djacent area is also done to show the pos i t i o n of the 

drill hoI s. P trogra~hic studi s re done o n the ou t crop 

s am l es and core sampl s t o d e t r mi n _ v r iation i n composi t ­

i o n and texture wi th depth. Ore p_trogr aph y is carr i e d ou t 

o n r pre s e n tative po l ished s,~ctions t o deter mine type , t e xtur e 

and s t ructur es of t he or e minera l s . Logging of t he drill holes 

and corre l ation are done to estab l ish ve r tica l sequ e nces u p t o 

a dep t h o f about 225 m. Chemica l a n a l YS is i s do n e o n mor e 

than 600 soil a n d rock samples co l lec t ed a nd the r e sults 

together with the data obt~ined from d r il l samp les are 

s tatist i caly t r ea ed and subsequent d i scus sion and c o n -

clusion a r e do ne . 

1 4 . ACK;~mJLEDGU1EN'l'S 

The wr iter exp r ess e s his deep gra t itude t o Pro f e ss or 

Roberto Val ra for his v a l ab l e advices a n d f o r c rit ica l ly 

reading the thesis . Many h a nks are also due to At o Be lay 

Des ta , Dr. Getnneh J\ssefa , t o ~berra Mogessie , At o Senbe t o 

Chew ka and s t af f membe rs of t he GeOChemic al Sec t io n in 
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E. I . G. S . for their advice and logistic sup or t. Financia l 

support fr om the Swedish Agency f r Research Cooperation with 

the Developing countries ( SAREC) obtained through the Ethiopian 

Science and Techno l ogy Commission , from the Addis Ababa Univers ity 

and from the Ethiopian Ministry o f Min s , ower and kter R _ 

Sou r ces which w s us d to cover the expenses incurred in the 

resear ch work undertaken and in til preparati o n o f this 

disser ta tion is gra t efully acknowl edged . 

1 . S. Pr vious Works 

I ndications of gold minerali zation in Ka tta were first 

discovered in 1880 ' s , during which E. Combu l prospected the 

r egion and formed "The Societe Anonyme des Mines d ' or du 

" ",, " 1 Vvollega , " and ob tained a large concession centr ed on Ive Jo. 

Jince then for about 90 years exploration works l ay dor mant . 

In the late 60 ' s and early 70 ' s works resumed by UN minera l 

survey and Cu - Zn - Ni geochemical anomalies wer e discovered . 

Go E o Ken t (1970)2 wrote the exploration results o n the Katta 

3 primary gold occurrence fol l owed by Kochemasov (1971) who 

gave a summar y of the geology and mineralization o f the Metti 

- Nejo mineralized bp. l t . 

Subsequently , f o ll ow up works were carr i ed out by th e 

~ thiopian Institute of Geo l ogical surv eys and The Me tal Mining 

4 Agency of Japan (1974) 0 In 1 972 Geochemica l s oi l s ampli ngs 

S ' 5 H" l 6 were done at four l ocalities i n Ka tta by 1say & a1 U • 

Th e same year , geological mapping were done by Ahmad and 

l\kli lu
7 

fOllowed by Faseka (1973)8 and Aberra9 ( 1973 - 74 
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Vvho did the sam work . Later on in 1977 Tes f l ~lJ in 1 78 

d Wit et a lII and i n 1978 & 1 97912- 1 3 Be lay D. made mappi ng 

o n t he adjacent areas. J. Pisars k i , 14-lS (1978) re l eased 

two reports , one d e aling with t h e geoch. assessment of western 

Wol l ega a nd th e other a preliminary c ompilat i o n o f the geoch • 

works do n e in Katta. de lJi t tried t o brief ly d i scuss contr o l 

o f minernl i zat i on in Katta and De lay logged o ne of the dr i ll 

ho l es o Pina l ly in 1980 two unpub lished r epor ts appear ed : 

1 6 d 1 7 One b y Kazmin et al an the other by Ahmed • 
Kazmin 

wro te about the metallogeny of wes t e rn pr o vinces and attempt 

t o find a p l ate t ec t o nics mode l f o r it. Ahmad wr o te o n the 

geoche mica l o ve r burden explor ati o n in Ka tt a . 
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CHAPTEH II 

GSOLOGY ----- _ .-

2 0 1 . Re gional 

2. 1.1 . Previous Works 

Since systematic geo l ogi cal expl oration began 

only r ecently present knowledge of the precambrian 

in Ethiopia i c poor. However the mos t common view 

inc l udes the t erritory of Ethiopia in the Mozambi ue 

Be lt- the structural zone stretching from Mozambique 

to Egypt and Sudan , and probably e v e n to Saudi Ar abia 

(see fig o 6)0 This l"lozambique Be lt was descr ibed b y 

Ho l mes (1951)1 8 as a late Pr ecambri an geosync line s o 

deeply eroded that its i nner high ly me tamo rphosed 

parts are e xposed on the surface o The same view was 

expressed 
by Cahen and Snel l ing ( 1 966 ) 19 , and l a t e r 

in 1970 by . 20 
Cllfford who consider s it as a "ve stigeo -

syncline or mobile belt built up of r emobilized 

. . 11 anclent materlalo 

The EthiopimGe ologica l Sur vey and United Na ti o n ' s 

Mi n eral Survey contr ibuted much to the understanding 

of this be l t in Ethiopia . Four a r eas of Precambrian 

rock outcr ops are identified in Ethi opia (in Wes tern , 

Eas t ern and Southern parts). For the northern area 

Dainelli ' s21 (1943) and Beyth ' s ( 1 972 ) 22 pUblications 

a r e avai l ableo For the eastern area Lebling and 

23 
Nowack ( 1 939) gave a limited data of t he basement . 

Glboy a n d Ch atter (1960)24 made a valuable contri buti o n 
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Tabl e 1& Corre l a ti on of s ome Pre c umbri an unit in East Africa and Ar~ 
!---

Eoc 

I 
I u 
I .~ 

I ~ 
i s..., 

I ~ 
I 0., 
t 

Aq 
~\bS . Age/ Saudia-

e· Ar abia Egypt Sudan Ethiogi a Somalia Kenya :ra n zan ia 
br i a n 5 0 0 & 7 00 Fa tima , Abla Hammamat Awa t Shlra r o Fm . 

f ormations Serie s Seri e s Matheos Fmo 
" 

Murrdama : Schis t-mud Uppe r part Tatnbien Inda - Ad 

Formati on I stone- grey_ Nafird eib Grou p Seri e s 

wake s eri e s Series .j..l 

s..., I 

~ Hal a b an Dokh a n Lower Tsaliet 

s..., Forma t i on Se ri e s part group 

I ~ I ' Birb ir , , ~_t-lOOO I ~rouR __ 

/' "eish, Li t Shadli Adola Gr een-ro ck Some g r een r ock f ki ngs , 

~ "' Series group Series in I c omp l e x e s i n K
o ns e

, /3 s..., I 
13 ;5.. 3arr a mi a t h e Basementl we stern Ke nya (:]) ;Ndembe ra 

--.J_ 1600 Rocks E Syste m Embu & Ablun iS e ri e s 
l e ? (l) S.. ., 

.jJ \ .1 d erl e s In cen tra 
L ?? >-. & t K . t 

/l 
r--

Midd 

Lowe 
Ul va e ra 

• • U) ? eas e rn e nya LUl me s o n e -g r o up , ! . 

2ro-

(l) I . hraphite > Turoka Se r l e s I ~ , 2500 j ", " '\ 0 0 

~ I 
' an Anci e nt ~ 

s..., 

Gn e is s Ortho gn. is - " Bu r j il Gn e i s s e s Bas eme n t p s a g a r an 

s e s ..) f Awa ta) . . of t he Sys t em /S y s t e m 
GrEJ.SSl . 

" Ba s ement " Al g h e) i3aseme nt 

~iti q Seri e s Kons o) System 

Pro t 

zoi 

Arch 

hft e r Kazmin , 1 9 72 J 

I 
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to the Pr ecambrian of t he Gariboro area in southern 

Ct h i opi a . 2 5 
Mo hr ( 1971 ) made a compilation of all 

t he a v ail ab l e da t a upto his time . Later o n Ka zmin ' s 

works (1 9 71 ) 1972a , 1 97 2b , 1972c , 1975 , 1976 , 1978 ) 26 - 32 

g a ve a be t ter unders t andin g of the str atigraphy a n d 

poss i b l e manne r of evo l ution of the Ethiopian bas e ­

ment. Fina l l y Sen be t o and de wit 33 tr ied to f i t the 

a v a i l ab l e da t a i nto the s cheme of Pl ate t ec t o ni c s . 

2 .1 . 2 0 S t r a tigr aphy 

Th e pos sib l e str a ti gr aphy of t he Ethiopi a n Pre -

cambr i an uni t s and thei r co r re l ati mn t o those of 

East Afr ica and Ar abi a n are summari zed in ~abl e 1. 

Pau l Mohr
25 

wh i l e mak i ng a compi l a ti on of a ll 

the a v a ilable da t a upto h is time , d i v i ded the meta -

mor p hi c zone s of the Et hiop i a n bas eme nt into epi -

z one , meso - zone and cata - zon e o Though the se me ta -

mor phic z ones h ave t hei r origin~ in orogenesis which 

affec t ed geos yncl inal sedi ments , t he si gni f icance 

and r e l ationships o f the zone s , the ori g ina l positions 

a nd ori en t ation ' s o f the s ed i mentary bas i ns and t he 

n umber o f or ogenes i s involve d canno t be a c c ounte d 
25 f o r • 

Th e o th e r a lte rna t i ve i s pr od uced b y dewi t and 

S b 33 e n e t o . Based on t he avail ab l e d ata t h e y atte mpted 

t o c l as si f y the Cthi d pi an bas ement into f our or five 

ma j or tec t onos t rati g r aphic zo ne s • (See f i g s . 6 & 7). 
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~e I. Ca lc-a lkaline Volcani c Plu t oni c Be lt o ---------.;;;=.---'-'- - - -

This be l t buil t on a n d into pre- e xis t i ng 

contine nt a l c r ust r epr e sents ancien t island arcs 

and can be traced f or about 1, 200 km . The belt is 

r epr e s e nt ed in the north (Tigre and Critre a) by 

Tsaliet gr oup. This be lt cons is ts o f a volcano -

s e dimentary success i o n of metavo lca ni cs of andes itic 

and dacit i c composition , various volc anoc l a stic r ocks , 

t uffs , rhyol itic agg l omer a t es , phyll ites , s chists , 

quartzite s and arkose with in ter ca l a tions o f cherts , 

mar b l es and ironstone s , a nd diorite , granodi orite 

and g r anite intrusi o ns. ~ trong ly d e formed bodi e s 

of ear ly diorit e and granodiorite s (during e ve nt 3 

- s ee under hist or y) gave an age o f upto 700 m. y. 

with K/Ar method 34 and 35 even 800 m.y. I ntrusi ve s 

pr od uc ed during e vents 5 & 6 gave an age of 49 3 + 

10 and 556 + 15 wi th K/Ar method in 5 . E . o f Dombashi, 

iJo ll ega ; and grani te intruding the younger meta -

sediments of i:3irbir gr oup in the JvIe tti-lJe j o belt 

ga v e a n age of a ppr oxo 290 + 10 m.y. with K/Ar 

2 7 method . 

Zon e 1 traced s o uthwar d s , in the Barro r egi o n , 

is invo lved in g r e ate r e x ten t o f d e formati on and 

g r eater amount o f uplift with a p r e ssure of 6 _ 7 

o 36 Kb and t empe r atur e of 650 - 750 C • Such pr es sure 

and t empera ture g r e atly affec t ed the calc- alkaline 

r ack s 0 1"or unkno wn r eason th e r e gional strike of the 
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') .!1 . ~ .,' , _.J .' - . . . 

~ ~ ": • _ . ~J I : r o c k s o f th i s zone , f rom south to north , swing s f r om 

" ; .. : :; \ " .: ,:' . ~ ' . . n orth- west a nd t he n a gain to north - e ast . Th i s belt 

~ ! ~: 
" .) is characte r ized b y copper and/or copper-z i nc and/or 

':' .. : ' I go l d min e r aliza ti o ns , econo mic quantity bei ng f ound 

i n the n orth i n Eri t r ea . 

. :;. 
Zo n e 2 . Weste rn 0 Rhi o lit e Zo n e 

This b e lt runs throug h S . W. Ethiopia for some 

500 kms o fr o m t h e Kenya bo r der t o t he Blue Ni l e and 

possib ly furt her north . It consis ts o f a me tagabbr o -

. ; : ser pentinize d u ltramafic c ompl e x , unco n f orma bly ove r -
" 

lain b y a seque nce o f pr obabJe. deep wate r me t a sedime nts 

and ul tr amafi c me ta-vo l can o - c l a stie s and me tasi l icic 

vo l c ani c s. Th i s bel t r ep r e s e nts the lowe r part of 

the 8i r bir group . 

Zon e 3 . Cen tra l Hi gh Gr ade Area 

This zone is we ll obs e rve d just north e ast o f 

Lake Rudo l f a nd constitu t es rocks c o n s i s ting o f a 

seri es o f ma f ic gne iss e s and gr anu l i t e s l ayer e d 

bioti t e and h ornb lend gneiss , quar tzo f e lds pathi c 

gneisses a n d migmatited a nd paragneiss e s . It r e -

.. .. pres e nts ko n so g n e i sses of t he l ower comp l e x • 

Zone 4 . Easte r n Metamor p hi c Bel t 

Th is bel t c onsists o f high grade gnei s ses a nd 

migmatite s , and ophi l o i tic rocks. I t repr e s e nts 

Kazmin ' s l ower, mi ddle and uppe r ( Ad ol a & Mor mor a 

g r oups ) comp l exe s. 
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Zo ne 5 0 SO_~~~ern Catac l a s tic Be lt 

Th i s belt is a meg as h ear a l ong the Sudane s e 

bor der a nd can be traced i n to a wide no r th - west str ik-

ing i ntra- conti ne n tal rift i n t he Sudan whic h i s fil l ed 

wi t h up t o 1 5 kms o thick phane r ozoi c continen ta l s ed i men ts
o 

Ka z min et a l 1 6 and Senbe t o & de Wi t 33 tr ied t o 

f it the t ec t o n os t i graphic zon e s described abo ve i n t o 

the scheme of p la te tecton i cs . Bu t p l a t e t e ctonics 

i n the Pr e cambr i a n is s til l a s ubjec t of consider abl e 

con troversy a nd t her e are n ow basi c a ll y two schoo l s 

of thoughts: one argues t ha t , accor din g t o the 

pr incipl e of uniformi tari a ni sm , g l oba l t ec t onics has 

evolved along e ssen t i a l ly the s ame line s f r om the 

ear ly Ar chaean t o t he Phan e r o z oic t a nd sinc e p la t e 

tec t onic s is vi rtually a n es tabli s hed fact i n mod e r n 

g l obal e vo l ution it mus t a l so have ope r ated i n the 

P b ' 37 r ccam r lan . The other s c hoo l s ee s a f und a men t a l 

diff e r e nce in the t ectonic e vo l ution of most Pr e -

cambr ian mobil~ belts and Phan e r ozoic or ogens and 

conc l udes that g l oba l tec t onics may have e vo l ved 

fr om a n e r a of predomin antly interap l a t e d e f or ma t -

ion to th e pr esent s t age o f pr edomi n an t l y p l a t e margi n 

t t . 38 e c onlsm o Sinc e t he African conti nen t con ta i ns a 

large number of Precambr ian bel t s , i t has fea t u r ed 

str ong ly i n this debate. Paul Moh r ' s a t tempt , as 

des cribed e a r lie r to make interpre t ation ba s e d On 

i n tr ap ~ate deformation left many prob l e ms uns o lved . 
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Recently , however , de Wit and Se nbe t o gr as ping t i ght ­

l y the va lidity o f p l a te t ectoni cs concept to geo l og y 

a n d oroge ne s is of the Appalachian and Ca l e doni an Mt . 

belts wh i ch at leas t par tly overlay in age wi th Pan 

Af r i can e ven ts, inc l ud ing those tha t gave ris e to 

Mozambique Belt in Ethiopia, es t ablished a pla t e 

tectoni cs fra me fo r the Eth iopian b as e me n t r ocks
o 

This is repr e s ented i n fi gure 8 . The teconics , 

history and associated e v e nts a r e expl aine d by this 

mode l . 

Zo ne 1 , sinc e it i s bui lt on a nd into pr e - e xi st i ng 

contine nta l c rust r epresents a paleo ca l ca l ka l i n e a r c; 

zone 2 be c ause o f its chara cteris ti c rock ass ociation 

is design ated to be a re~nant i n t e rarc or b a ck arc 

bas in. Zone 3 is zone of hi gh gr ade met a morphis ic 

as a r esult of co llision and Subsequen t SUbd ucti on 

of oceani c crust be l ow vol c ani c arcs , and hence 

r epresents an arc trench gap . Zone 4 which contains 

t he A dola & Kenticha ophi~ lite be lts r e pr esen t s 

intraconti n e nta l t o i ntracon tine ntal rifting . And 

f inally zone 5 r epr esents con tinen t - continen t - col lis_ 

ion of African c r ati o n with a n undefine d eastern 

conti nent. 

2 .1 03 . ~torz 

The f o l l owing succession of e v e nts are cons tructed 

from ava i l a b l e data and on the basis of de Wit and 

Senbeto hypothesis : 
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Event 1: 
.. 

'" " 

For mation of anc ient Cra t onic basement (Lower 
,f ' . 

~ , 
, " 

Complex) ( 2 , 500 moY. » and Subsequen t riftin g o 

Ev ent 2 : 

Cr e a t ion o f oceanic l ithospher e a n d acc umul a ti on 

of platfor m- t ype Psammitic an d pe l iti c sed i me n ts to 

the Wader a Group (Midd l e Compl e x) and its equiva l e nts 

in depr essions o n the ancien t basement (1, 000 m. y . ) o 

Event 3 : 

Creation of oceanic lithospher e arr ested a nd sub -

duc ti on wes twar d benea t h Judanes e Forland f ~rming Pan 

Afric a n Andean type Continental Margin and Mar gina l 

Island arc s ys t em (900-750 m.y . ) 

" , Event 4 : 

I nitiation of ba ck are pr o c e ss which caus e d t hi nn-

ing a nd e x t ension and e ven tua l deve l opment of i ntera r c .. 
basin (Adola , f10 rmor a , and Lower Birbir Gr oups) 

(750 moyo) 

Eve n t 5 : 

.. , 
Contin e nta l Convergence accompani e d by s ubduction 

caused are type v o l canism and the d e posi t ion of Mi dd l e 

and Upper 3ir bir Gr o up , Tsali e t and Temb i en Gr oups 

Eve nt 6: 
., . 
, ' 

. , Th e high hea t f l oat accompanied t he co llision 

(arc- contin e nt coll i sion ) led to the fo r mati on of 



.. 

- 17 -

h's is i nd1c ~d 

by I.e e x nsj v . 'vc'l pm8nt l f dlkal' - qr ni ' 1 9 

complex's ( nd ssoeill . (.!d 'xtr siv's OV0r wid zonl • 

.' . ? Loc I 

2 .?1. [n c uetio n 

'l'h' ( Ad fo r m~; r <ll'1.. 0 th upp' c)m l ex of h 

\Jolleg J irb'r group consis ing 0 rn~ ascdim · nt y 

nd rne vol ni c rocks. Th Birhi r 9 ou , whi h 

corn' la cd wj th th8 Ts lipt qro p of no hern " hiopia , 

th e Halabtln f orrni1 i o n 0 sou h fIr ibj hOok n s rl e.s 

of ~gyp _ , and tho lowpr rt 0 Sudan , unconformRbl y 

overlays o ld e 0 n e isses nd mlhibolil s and r e I t d 

td
' , d' " ' 27 me a 1011 e - grano lorlle l ntruslves. Th . bas e -

m~nt rocks prohably out l in a young l rre ular 0 0 -

9 phic paleo - landscape con inuo s volcanic and pI 

tonic activity anJ the accompanied sedimentation is 

i ndic t e d by hp presence of intermedia te silicic 

metavolcanic (andis i tic- dacitic- rhyolitic tuffs) , 

la ppli tuff prohably a glomerates nd a vast amount 

of volc no-clas lCS , and by the presence of blue 

11 
'luar z porphyry. 

At least wo episodes of deformat io ns are re -

cognized from field observati c ns. The first one is 

char,ct ri zed by the low gra e regional meta morphism 

in reen schist fucies accompanied hy the deve lop-

ment of pe ne rativ €! pbyllitic and slaty Cleavages , 
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large scale fo l dings a nd north - sou th tr e nding faults. 

The s e cond episode is characterized by the presence 

of s mall scal e fo lding s crenulation cleavag e s and 

line ation and north-wes t and/or north- eas t tre nding 

faults. Th e gen ral vie w of t he ar e a is shown in 

fi gures I t~ 4 . 

Stratigraphy 

An atte mp t is made to es tablish a tenta tive 

ver t ical seque nce bas e d upon bore- hol e s dril l ed in 

ne i gh bouring adjace nt are a upto a depth of 230 mete rs . 

The loggin g and subsequen t corre l at i o n of the ve rtical 

sequence s e s t ablish _d for the five bore holes is 

pr esented in figure 9 • 

Pe trographi c studi es show that the r e is a r e ­

pe t itive successio n of diffe r e nt units upto the 

specified depth . The pe trogr aphic comparison be twe en 

t he different units encou n tere d a t depth and thos e 

outc r o ped i n the mapped are a seems to s uggest that 

the two a r e generally ide ntical mine ralogically, 

t hough ther e i s a variation in t h e contents (%) and 

ty pe laterall y as we ll as v e rti c ally . Fo r bor e hole 

numbered DDH4 mine r alogica l variat i o n with depth 

is given in figure 90. 

The r epetitive s sequence with de pth may be due 

to the c omplicate d structur e s repr e sented by fol d ­

ing and faul ting • 
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The stratigraphy derive d f r o m r e cons tructio n 

bas ed upo n surface mapping is gi v e n be l ow ( Ta b l e 2) • 

.' ; 

-_.----

Hetased i mentary Hctavo l canic 

Eoc ks Eocks Intrus i v e s 

Calc. .:hl ori t e Granite s 

s chist . 

Quar tz s e ricite 

phyll o 

~uartz-graphitic 

phyll. 

Ca l c . quartz - s e r o 

,I ; 
phyll . Qu a r tzo f e l d a 

schis t . Gne iss 

u N C o l~ F 0 E I y T

j __________________________ ~I_. ____________________ ~ __ ~M~e~t~a~d~l~·o~r~i~t~ 
(Tabl e 2) 

! .'" 
,,: . ,' ~ 

2 02 . 3 . PetrographY 

",'" , '!. 
". 2.2 0301 . SU$ f ace Rocks :" ~. 

. . Granit e 
" . 

,; .. The granites outcr?p in restricted p lace s . 

The contacts between the se intrusive s and the 
" ,. ! ; 

countr y r ocks canno t be observed a s they a r e 
:' .. ,[1. ' 

However t he contac ts 
:; ' .. bur ied beneath th i ck soil . 

" 
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with the accompanying h ornfe lsing a r e observed 

furth e r wes t (Sou kourok o v , per sona l co mmunicati on)o 

Macroscopi cally the r ocks are li ght co loured massive 

cocrs e grained with no visib l e sign of me tamor phism n 

Microscopically the r ocks show fr actur e s a l ong 

which chlori tiz a ti on o f t he f e ldspars is seen . 

Albit e is by far a bund ant (0 . 5 - 1 mm. hypi dio-

morphic , rims o r almost who l e gr ain of ab l ite 

being r eplaced by microscophi c quartz-al bite 

i nte r g r owth) due t o la t e r silicif icati on or 

crystall izati o n from eutectic point. De f ormed 

t win l amel l a e a r e a ls o observe d. Ther e is a 

t e ndency for al bite t o c l ustre t oge the r . The 

ma trix is taken by inte rstitial, r e crysta llized 

( l ate ) 0 .1 mm b i o tit e (green a nd br own ) chlorit e 

and muscovi t e . Recrysta llize d , xenomorphic quartz 

0 . 1 mm , corroded and u ndulous a r e obs e rve d a l o ng 

with epidote . ( :.3ee fig . 10) . 

Qu art~o -fe ldEathic Schis t 

This is metavolcanic uni t a n d covers l a r ge 

a r ea . Macro scopi ca ll y the r oc ks are c o mpa c t , 

medium gr ained , g r ay t o pink co l oured and out-

crop main l y in the western part of the are a . 

They are highly sheared and sil ic ified i n 

plac es . 
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This unit can be subdivided i nto s ubunits 

bas e d on 

(i) intensi t y o f de f or mati o n 

(i i ) silicification , and 

(iii) t e xtur e 

Si lici fi e cL9...uartz - f e l ds pa t:.!12-_c __ S_chi s t 

This is inte ns e l y she ared and fractured , 

weak ly schis t ose a nd fine gr a ine d subunit . Since 

the r ocks a r e int e ns e ly sili c i fie d the ir ide ntity 

is ob l iter ated megascopica ll y . Micr oscopi c e x amin­

ati o ns , howev er , s how that the rocks ar e v e ry fine 

g r ai ned composed of t wo g e n e r ati o ns of quarb;.. · 

The s econd ary quar tzose bags c o ntaining albite 

in t ersec t t he schis t os ity p lane s the reby show-

ing sil i cifica ti o n is late r tha n the d e velopme nt 

o f s c histosity. Crude incipient p l anes of bedd­

ing is s een and e xhi b its phyllite textur e . The 

pu lverized quart z is i ntimate l y associate d with 

spangles of sericite mica and pyrite. Th e 

s econdar y quartz are angu lar with irre gular 

outlin e . (See fig . 1 5) . 

Micropo r phyriti c ~uartz -feldspa thi c schis t 

Microporphyrob l asts o f alkali f e lds par a nd 

a l bi t e a r e observed set in the fine gra i ned ma trix 

o f quartz, feldspar and sericite mica. The a l bite 

rims are altered t o s e ri ci t e . Crud e schistosity 

is observed . (See fig . 16). 
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Quartz - serici te Y_l:.Ylli te 
, ; 

This is a me t avo l canic unit and c overs large 

a r e a . The colour of the rocks are g enerally 

greyish green. Quartz v e ins intrude this unit 

at various places . Macroscopic cre nulation cleav-

age s are obser ve d. 

Mic r oscopically , the rocks are very fine 

grained with overall granob l astic - l epidob l as tic 

texture and show e ff e cts of crushing. Fi ne spines 

of sericite mica exhi bit microfo lding of the s chisto -

sity p lanes and in saddles of folds ver y fine g r anu-

late d quar tz are observ ed. The rocks show shear -

ing as observed fr om wisps o f s e ricite flakes 

r e sulting probably in slip cleavage. Inte r sper sed 

here and there in t he quar tzo s e materials are 

found granules of pyri t e . The quartz grains show 

pr e f e rred growth paralle l to the foliation. The 

shape o f a crysta l in a poly crystalline aggreg -

ate s depend s on the r ela tive mobilitie s of the 

var ious parts of its boundary, thus , th e ori ent -

ation of mica s in a quart z - micaschist may be 

th e controlling infl uence on the dimensiona l 

, -... orien t ation of quartz which will be elongate . '. ~. 

parallel to the 
. 39 

mlcas . (See fig . 12) 0 
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Quartz-graphitic phyllite 

This unit occupies a v e ry nairo~ zon~ ·t ha t 

runs nor th south in the are a. t--1acrosc0 pically 

th e rocks a r e dark, r ed eve n white in co l our , 

compact and l aminated in a millimeter scale. 

This unit is further subdivide d into t hree 

units based on 

(i) cu l our 

(ii) graphiti c and pyritic c onte nt 

(ii i ) r e crystallizatio n 

Gr e y phylli te 

The r ocks are gr e y coloure d and , in p l aces , 

show s ed i mentary struc tures like cross bedding o 

Microsc opically the t e xtur e is l epidob lastic and 

fine grained . Quartz and pyrite are pr e dominantly 

f ound. Graphit e c o ntent is v e ry samll. The graph­

ite content doesn ' t usually exce ed 1% except in 

a f e w outcr ops further to the west wher e it pass es 

on to graphitic rock. Pyrite is a common associa te 

of graphite and sugges ts t he r e action between 

f e rruginous silicate s a nd vo l atil e components of 

CO
2

, H
2

0 , HC0
3 

e t c . hiell d e v e lo ped crenulation 

clevages are shown by the s e ricite mica around 

the pyrite cubes th e r eby showing t he pyrite s 

are pretectonically e mplaced or syngene tic 

with the s e dime ntary unit. (See fig. 13) 0 

. 1 
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Re d Phyl lite (fer ruginuo us ) 

This subunit is always expos e d on t o ? of 

hil ls and pass e s o n t o g r e y phyllite in t he 

v a lleys o The r e d coloura tio n appe a r s t o be due 

t o oxidized hig h iro n conte nt d e rived f r om we athe r ­

e d pyrite cubes. Microscopical l y the rocks a r e 

we akly schistos e and show crenu l ation cle avage 

o f the s e ri c ite s o Th e s e r icite s a r e highly 

c o l o ur e d r e do The t e x t ure vari e s fro m l e pido ­

b lastic t o nemato b l asti c due t o th e pr e s e nce of 

fi br ous mi ne rals" 

f e rruginuous Qua~tzites 

Thi s subuni t oc c urs as small dis continous 

lens es on t o p of hi l l s a l o ng wi th t he r ed phyllite o 

The rocks v ary from pur e white saccharoida l t o 

br own f e rrug inous q uurtz ite band e d o n milime t e r 

sca l e o A v ari gate d fr agil e a nd impure v arity 

di s i nte r g r a t es into sandgr ains unde r the b l ow 

o f a hamme r . The occur a nce , furthe r to th e west , 

o f z one o f mar t i t e - mag n e tite laye r s upto a me tre 

i n thi c knes s and of a sso ciation with sandstone 

be dd i ng o f a bo ut 1 me t e r
ll 

confidently make it 

o f s ed i men tary ori gin . The differ e n t appearance 

o f t h i s subunit from t he o thers may be due to 

str ucturall y induced r e crystalli z ati o n. Quartz 

vei n s are a ls o abundantly f ound. Microscopically 
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t h e r ocks a r e me dium/coRrs e graine d with grano -

b l astic xenomorphic t e xtur e c ompos e o f quar tz 

gr a i ns in the main. 

Ca l careous Quar t z - Se ri c ite Phyllite 

This is a me tas e dimentary con g l omeratic unit 

and is e x posed over large a r e a. Me gascopi c ally 

a nd mesos copically the rocks a r e medium to gr e y 

and puff. The pr e s e nce o f s ericite f lake s g i v e s 

shiny lustre t o the f o liation surfaces. I n 

p l a ce s wh e r e the d e gr e e o f defor mation a nd me ta-

morphism is ver y low , re l ict sedime ntary structur e s. 

such as cross b e ddi ng , a re s een . 

The clasts are inequ a nt varying f r om pancake 

sha pe or S- t e ctonite s to c i g ar sh a pe or L- t ecto n-

ite s wi th size s rang ing from ~ x ~ cm . t o upto 

30 x 20 or 2 5 cms. Th e ci g ar shaped clasts have 

th e ir l o ngest dime nsi on i n the north south di r e c t-

i o n f o llo wi n g t he s tri ke and po i nting out zone 

of ma xi mum e ast - west stre ss. The c la s ts are 

predominantl y phyl l itic but daci ti c - rhyolitic 

(quartz - p I ng-s ericite ) and quar t zi tic. To the 

n orth and wes t of the are a t he c l asts become 

bigge r and faulting and frac t uring and th e 

r e sul ti n g br e cciatio n are observed . Me t a morph -

is m s ee ms t o incre as e t o th e e ast in this uni t 

as e videnc e d fr o m s egr e gation o f dark (b Iotite ) 

and lig ht miner a l s ( q uartzo- fe l d s pathic) . 
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Bas ed on mi croscopic studies the unit is 

furthe r subdivided in two subunits . Their 

virtual r e l ations h a v e be e n de t e r mined on the 

basis o f 

(i) in tensity of defor mati on , and 

(ii) a lte rati on 

Lower Subunit 

Megascopica l l y , large r c l as ts are obs e rved . 

Microscopica lly , howeve r , intense shearing is 

seen r esulting in the formati on of kink fo l ds 

o f micas particul ar ly sericite and a micro 

l ineati on i s s een by the al l ignment of micas . 

I nte rspe rs ed between micas i s f o und highly 

pulve rized quartzos e material. Th e roc ks 

e xhibit a lepi dob l as tic tex tur e with porphyro-

blastic calcite . 

Upper Subuni t 

(Se e fig . 14) . 

Megascopi ca lly s ma l le r and fine r clasts 

a r e o bserved . Microscopically it i s a med ium 

to fine gr ained , showing a s l igh t e l ongation 

parallel to the banding . Along the schisto­

sity p lanes are found knote s of bundl e s of 

porphyr oblastic calcite. 
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Calcareou s Chloritic Schist 

This unit is e xpos e d al ong north sout h trend ­

i n g fault and 0ccupies a r e stricte d place . Mega­

sco pically t he r ocks ar e Coars e to me dium gr ai ne d , 

dark gr een, c ompact , mass ive t o schistose . Micr o­

scopically they exhibit crude schistosity and 

l e pidob l astic t o granoblastic hypidio- xenomorphic 

t e xture. The porphyrobl asts are ca l cite , amphibol 

a nd epidote with some albit e and chlorite . The 

calcite is twinned a nd forme d as a r e sult of r e ­

crystallization. The miner a lvgica l as s ocia tion 

suggest tha t thes e rocks ar e me tamorphosed 

basic rocks. (Fig. 11) 

Granite Gneiss 

The unit occupies a r es tricted place along 

a rive r course and comprises o f pale green banded 

rocks consisting of quartzo-feldspathic bands 

and lens e s alte rna ting with chlorite- amphibo l e 

rich b and s a nd l e nses on a millimeter- centimetre 

scale . 

Since t his unit d e fines the contac t betwee n 

the plutoni c rocks and the overlying me tasediment­

ary- metavo l cani c success ion , it probably r epresents 

zone of c o nce ntrate d deformation (shear zone ) due 

t o duc tility contras ts . The derivation of the 

rocks may be r e la t e d to the mixing a nd grinding 
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of the menti oned r ock units in slide zone , 
during whi ch rec rysta llization and r emobilizat-

i on of e l ements p l aye d a ma j or r ole o 

Furthe r to the west this unit flanks both 

side s of o ne of the e l onga t e d plutonic do~e s and 

r eaches a ma ximum thickness of 200 me tre s o 

Micr oscopically the r ocks show gne issose 

t e x ture with por phyr oblas ts of po tassium f e l dspar 

surro unded by granular qua rtzo- f e ldspa thic 

materi a ls . 

Metad i orite 

Th i s uni t i s the o ld e st a nd outcrops continu-

ously in the adjacent western part o f the are a , 

as a l ong the Dilla rivero I t occupies the hinge 

zone o f the maj or antic line s. Megascopi call y 

and microscopi cally o r e minerals as magne t ite 

and pyrit e and in lesser amoun t chalcopyrit e 

and ma l achi t e stains are observed . Microscopic -

all y , the rocks are med i um graine d wi t h hypidio -

x e no mor phic t e xtur e and contai ns amphi bo l epido t e 

and chlori te . The hornb l e nd are appro x . 0. 5 mm 

in size . The pl agi oc l as e shows s aussoritization. 

( See fig . 18) . 
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The stra t igraphic vari ation i n mi ne r a l ogy (%) 

is summari z e d a nd tabulated be l ow. ( Tab l e 3 ) 

,------ ------------!.---------.----------'I 

I
i Por phyro blasts/ i 

~--~U~n~i~t~ _____ ~~S~u~b~u=n~it I phe nO Cr ysts (%) - I _ Quar t z ( 30) 

I Albi t e ( 70 ) 

Granite 

l"la tri x ( % ) 

Bi o tite ( 22 ) 

Chl orit e (10 ) 

f'ilus covi te ( 5 ) 

Epidote ( 3 ) 

Quartz ) ) 60 

f e l ds par) 

--

t-------+-------I-,---------l-----~.---
Quartzo - f e lds - I ( a ) Silici- Qua r tz ( 40 ) 

pathi c schis t fi ed Al bi te ( 25 ) 

Se rici t e (7) 

t'luscovi t e ( 3 ) 

Opa que (25) 

Qu artz ) 100 

f e l d spa r) 

t--------f--------+--,- --------If---·----- ! 
(b ) Por p hyro<;,PAlkali fe lds par (40 

b l asti c (Orthocl ase) 

Alte r ed p l agio ­

c l ase (40 ) 

Ser ici te ( 20 ) 
r-----------+------------+~~~ 

Quartz ­

Se ricite 

phyll i te 

Quartz -

graphitic 

Phylli t e 

i -
I 

(a ) Gr e y 

Phlli te Opaque ( 1 00 ) 

Qurtz· fe lds -

par (9 0 ) 

Quartz (60 ) 

Ser icite (40) 

Opaque (1) 

Quartz + f e ld s ­

par ( 70 ) 

Opaque ( 20) 

Serici t e (10) -.'- --------__ -L __________ -L ______________ ~~==~~~ __ . 
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I (b ) Hed phylli t e 

• 

(c) Quartzite :)uartz ( 100) 

(a) Upper :::alcite (100 ) 

.~ 
( b ) Lowe r : ~alcit e (90 ) 

' Quartz (5) 

Sericite (80) 

Quar tz (30) 

Opaque (1 5) 

t-1uscovi te (5 ) _._--

Ca l cite (20) 

Quartz+fe ld (45) 

Serici t e ( 33 ) 

Huscovite ( 2 ) 

o ague (5) 

r1us covi t e (20) 

- Calci t e (30) 

Ch l o r ite (40) 

Amphi b u l (15) 

Epi dote (1 0 ) 

P l ag i oc l ase 

(5 ) _. 

Quartz ( 

Fe l dspar (40 ) 

Ac t iono- . ' 

lite (50) 

Bloti te 05) 

Ipl agiOC l aSe (. 

(3 5 ) 

Epido t e (30) 

Quartz (5 ) 

Ch l ori t e (5 0 ) 

' 13phe n e (5 ) 

Carbona t e (10 ) 
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Bi g g r a i ns of quartz a r e s e e n o Gr a nula ti o n be tween 
quartz grai ns sugge st tha t the rock h a s und e r go n e me t amo r phism. 

Para lle l Ni col s o Magni f i c a t i o n 60 X 
Fi g .. 1 0 0 

Ca l car e 0 us Ch l o ri t i c sch is t o Se c o ndary Ca l ci te (C) crystals a r e 
s een a rranged p ara ll e l y a l J n g f o li a t i 0 n di r e c ti ono Ep i do t e (EP) 
is scat t e r e d t h r oug h o u t . Amph obole s ( AM) h a ve para l l e l o ri e n t ­
a t ion with th e s chis tos ity . Para ll e l Ni col s o Magni f icati o n 60 X 
Fi g 0 11. 

I , 
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Qua r tz- s e r i c ite phyllite . Fine spines of Se ri c i t e mi c a e xhibit­
i n g microfolding o f the schistos ity p lane . 
Fig . 1 2 . 

Qua rtz- graphytic-phyllite . Quar t z g r a i ns (Q ) a r e s een , t h e 
white pa t ch e s in th e backgrou nd a r e qua r tz and fe l ds p?~ cr~ 
mine ra l s . Graphite ( GR ) i s s e e n as d a rk dusty c;pear2~ceo 
Ni col s . Magni ficati on 60 X 
Fig o 13 . 

s ma lle r 
Opaque 
Paralle l 

I I 



Calcareous qua r tz-ser~ phyllite . Bundl e s o f Ca l c ite (C) e ntang l e s 
wi thin Se ricite (S) cords. Cr e nul a tion c l eav age is we ll deve l o pe d. 
Pa ralle l Nico ls. Magnificatio n 60 X 
Fig . 14. 

Silicifie d qua rtzo 
ve in cross -cut ting 
mainly a l bite . Q 
Magnif ication 60 X 
Fig o 15 . 

f e l dspathic schist. Se condary qua rtz-fe l dspar 
the Schistosity pl a n e s. The f e ldspars are 

quartz and F = f e l dspar. Paralle l Nicols. 



· . 
Micro- Po rphyritic quar tzo- feldspathic schist. Al bi t e is s ee n 
c l us t e r e d in the f ine matrix compos e d of quartz , fe ldspar a nd 
Opaque minerals o Sericite is s een ma king bands a bou t the a lbite 
(Ab) . Pa r a lle l Nico ls o Magnificati on 60 X. 
Fi g . 160 

Gne i s s. Granula ted a nd fractu r e d quartE a r e s e e n • . 
grains ~ gra nu l a t e d and crushe d fine ly gr a i n e d quar t z 
a r e s e e n . Pa r a lle l Ni c o ls. Magnificati on 60 X 
Fi g o 17 . 

In be twe en b i gge r 
and f e ldspars 



Metadiorite. Med ium grained, with hydro-xenomorphic texture 
containing amphibol (AM), e pidote (EP) and ch l orite (CH). 
Pa rallel Nicols. Magnification 60 X 
Fig . l8~ 

Core sample s (DDH ) at 180 m. dep thQ Very qig crysta ls of a mphi­
bol e (AM ) s e t in ~ine matrix consisting of f e ld spars and amphibole s . 
Paral l e l Nico ls o Magnification 60 X. 
Fig. 19 Q 
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Co r e samp l e s (DDH
4

) a t 70 m. depth o Calcite (C) por phyrob l asts 
se t in f ine matr i x c onsisti ng of c a l cite , f e ldspar & a mphbo l e s. 
Pa r a ll e l Nicv l s o Ma gnifica ti on 60 Xo 
Fig 0 :20. 

Cor e s amp l e s ( DDH ) a t 90 mo deptho Ca rbonate ve in cutting the 
r ock o Par a lle l N~cols. Ma gnifi c a tio n 60 Xo 
Fi g . 21;, 
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Nacrosco.E.i c Stuqy 

The maxi mum depth r eached is 150 metr es . 

The co r e samp l e s examin a t ion seems t o sugge st a 

somewha t simi l a r li t h o l ogy throughout wi t h i ntru-

sive bod i es encounter ed every now and t hen. Up to 

a dep t h of 115 metres ch l ori t i c s chists o f diffe r -

ing compos i t i on persist . The s chi s t s a r e high l y 

weathered towar ds the top of t he s tra t igr aphic 

success i o n , poorl y fo l ia t e d a nd the colour v ar y-

i ng f r om pur ple to gr e e n . Cr e nul a ti on c l e avage 

a r e obser ved at depth. The diori te e ncounte red 

a t 48 mo dep t h i s dark gr een compac t with white 

si l iceous upper con tac t qnd shows d e ndr i tic 

str uctur e forme d by the f l ow of manganese rich 

flu i d . At 70 m. dep th d eep green ch l o r i t ic 

schists often with mineral segr e gation , nume rous 

quartz - carbonate v eins , c r e n u l a tion c l eavage , 

o 
with deep o f fo l iation almost vertica l (i. e . 45 

to core l e ngth) a r e seen . Further down , i n th e 

s ame unit dip of f o l iati on seems to var y be t wee n 

30
0 

and 40° to c o r e length; kink bands , micro f o l ds 

and c r e nulation c l eavage are a ls o observed . At 

115 m. depth white medium grained sil i ceous mar ble 

with minor patches of dar k g r een ch l o r ite schi s ts 

I 
I , 
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is me to Lastl y at dep th of 1 31 mo is see n deep 

g r ee n m0 t .l ed basic schi s ts (amphibo lite ) whi ch 

is weakly c alcareous i n ge ne ral highly calca r e ous 

l ocally a t top , midd l e a nd bas e o f the c e ntra l 

portion o Quartz - car bo nate ve ins are o bs e rve d 

i n thi s unit o 

Microsco pic Study 

Microscopic study is done o n about 50 t hi n 

sec ti ons o Th e mine ral ogica l associ a tions a nd the ir 

v a r ia ti o n with d ep th o f s elec t e d sampl e s are g i ven 

be l o w: (Tab l e 4) 

Me tre (Depth) 

340 8 

56 .. 7 

57 06 

72 04 

1 0 4 . 7 

105 0 3 

106 0 4 

106 . 8 

11101 

1110 9 

112 

112 06 

11 2 08 

Miner alogical Ass oci n tion 

Biotite - amphibo l e - f e lds par - o paqu e 

mine ral 

Amphi bole -fe ldspar-opaque mi neral 

Amphi bo l e - f e ldspar-opaque mine ral 

Ca l cite - a mphibo l e - f e ldspar 

Quartz - e p i do t e - f e lds par 

Epi do t e - quartz , f e l ds par 

Ep i dote - ( Biotite ) 

Chl orite - q ua rtz - p l agi oclas e 

Ca lci t e Epi do t e Chlorite 

Ca lci t e - quartz - epido t e - chlorite 

Quartz- epi do t e - chlorite- amphibo l e 

Epido te-ch lorite-biotit e-o pa ~ue 

Quartz - c alcite 
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Ca lcite - quartz - f e l d s par-e pido t e 

chlorite 
., 

140 . 5 Epidote - ch l orite- amphi bo l e _fe ld _ 

spar- opaque mine r a l 
,I' 

From the microscopic study it is conc l uded 

that e pidote , ch l orite and ca l ci t e , feldspars 

and in some cases amphibo l e occupy by far the 

gr ea ter percent age by volume of the c onsti t ue nts 

(s ee mod e l a bundance). The ov e r all t e xture varies 

from l epido h l astic to porphyrohlasti c a nd th e 

structure from schistose to massive depe nding on 

th e degree of metamorphis m and exte nt of r e -

c rystalli zati on. The shape of the individua l 

gr a in is mainly hypi diomorphic . Secondary twinned 

calcite are observed in many of the thin s e ctio ns 

as porphyroblasts or in some cases as veinl e t s o 

Repr e s e ntative thin sec tions are pr esented in 

Fis. 22 - 24. Ther e is a gene r a l incre as e with 

depth in epidot e , calcite and amphi bo l e s though 

.' biotite appear sudde nly a t depth t o be cu t off 

s oon a nd dis appear. Sercite howeve r is li mi t e d 

t o shal l ow dep ths . 

Deformation and inte nsity of schistosity 

incr eas e s downwards and po lyphas e defo r ma ti on 

can a lso be r ecognized. However , be low dep t h 

o f 1 31 meter decrease o f d e f o r mation is 

obser ved . 
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Macroscopic Study 

Ma croscopically t here i s no s igni f i can t 

variatio n with lithology upto a dep th o f 9s
e

4 

me tres a part from the dioritic body e ncounte r ed 

e v e r y now and the n . Alternating pur p l e t o l ight 

g r een fine ly laminate d and we ath e r ed tal c chlorite 

and chlorite schists some time s with mangan e s e 

traces for ming d endriti c s t r uctur e is s een a t 

28 . 3 m. d epth. I n p l aces the s e rocks a r e micro ­

fo l ded wi th dip of f o liation r a nging be tween 50 0 

o 
a n d 60 t o core l e ngth a t 48.8 m. depth, At dep th 

o f 9 5 . 4 m i s s e en c ompact undifferentiate d gr een -

schists (mainl y chlorite schis t and amphi boli t e ) 

with var iab l e car bo nate cont e nt; we l l deve l ope d 

schis t os ity dipping 45
0 

to core l e ngth and micro -

f o l din gs . Again a t 109 . 6 m. depth deep gr een 

mo tt l ed a mph i bolite is me t with alterate quartz 

car bo n a t e in t he l ower porti on at 4s u t o cor e 

l ength ,variable carbona t e cont e nt; foli a tion often 

poor or n ondev e loped . 

,Microscopic St~ 

Micr oscopically the r o cks show mas siv e t o 

schistos e struc ture . In some thin secti on a 

t endency f o r the epido t e t o c l us tre toge t her is 

s een. The t ex t ur e i s generally granular. The 

depth variatio n in mine ral a ssociati on is 

pr e sente d be l o w. (Tab l e 5) . 

I , 



Dep th (m) 

1 7 06 - 25 01 

31. 6 

36~9 

4L3 - 45 06 

45 06-49 09 

49 Q 9 - 55 Q 2 

58 0 5 

65 05 - 76 0 7 

76 07 

9208 - 98 02 

1 02 0 5 

108 095 
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Mine ral Ass ociation 

Serici t e - chlorite - a l bite 

Sericite- ch l orite - graphite- quartz 

~erici t e-chl ori t e - a l bite 

,\lbi t e - epi dote - mi ca- chlor i t e 

Muscovite- bio tit e chlorit e - epi do t e 

Mus covite - ch l orite - epido t e - a l bite 

Quartz - a l bi t e - epidote - c hlorite 

Albi te - chlorite- epid o t e - s e ricite 

Sericite - Mus covite- c hl orite - pyri t e 

- chal copyrite 

Chlorite- Muscovlte - albite-pyrite 

Epidote- ch l orite - pyrite - chalcopyrite 

Epidote - ch l orite - calcite - pyrite 

- chalcopyrite 

Sericite s eems t o be a ubiquitous miner a l 

and sugg e st t hat a lte r at ion is promine nt in the 

r o ckso Other wise epid o t e ch l ori te and a l bite 

ar e th a b undant mine rals found in mos t thin 

sections . 

jVjacr o sc:.£P.ic S tuc!Y 

Towa r d s the t op o f the bor e hole , the r ock 

cypes are weak l y pur p l e t o d eep purpl e chlori te 

schists , and bright brown t o light gr ee n finely 

l aminated phyllite with sericite -ric h lighte r 
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coloured laye r (1 - 2 mm)o Both the schists a n d 

phyllite s , in p l aces, contain fine t o coars e , 

r o und ed to a ngu lar, si li ceous to inte r media t e 

derive d clasts , wi t h s ome interlaminated gre y 

graphitic l ooking , polyphase d e f or me d schists a t 

at 51 m. With depth increas e of vo l canoc l asts 

a n d decreas e of deformation are observed . At 

55 mo depth poorly fo liated whil e we a t here d 

s e ricite ch l or ite , schis t, with contact appear­

ing to dtp opposite t o fo l ia ti on at 400 to 350 

is seeno At 9206 mo d e pth is seen dee p gre en 

(mottl e d ) ca l careous undifferenti a t ed phyllite 

and amph i bolite , qz - carbonate differentiated a t 

th e t op mak ing a lternate p lane s with the schist • 

Dip o f quartz - car bonate and foliat i on of schist 

o 0 
40 to 45 t o core l e n g th. 

Microscopic Study 

Mi croscopi cally some r epr esentativ e samp l es 

are studie d . The studied samp l e s s how ove r a ll 

fi ne g r ai ne d textur e with no clear structur e s 

and/or deformations . 

Macroscopi c Study 

The bor e pass ed through a variety o f phyll-

ite s, schists a nd intru~ive bod ies. Macroscopic 

observa t ions show the upper part , upto 70 m 
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dep th , to conta in interc a l a tions of pa l e gr e y 

conglomeratic phyllites and gr eenish grey vo l cano -

c l astics , with mi nor sericite schists a n d g r aphi ti c 

phyllit e s o This is foll owed by a 102 - me tre s e ctio n 

of dark grey and gr een l amina t e d phyllite s , gr een 

becoming pr e dominant at depth . The l a st 50 me tres 

is made- up o f uniformly g r een c l astic schists and 

phyll i t es associ ated with swarms of quartz ve ins . 

The clasts a r e p inkish, and a r e unifor mly di s -

tributed throughout the r ock o 

~icroscopic St~ 

Mi c r os c opic study of sampl e s take n at 

differe nt dep ths r e vea l the following mine r a l 

as s oc i a ti on : ( Tab l e 6) 0 

Depth (m) Mine r a l Associati on 

-' , . 30 Ca l c ite - quartz - f e lds par 

,' : 59 Ca l c ite qu a rtz - f e l dspar-
. -. -~ . .. , -, , -, 

chlorite - ore minera l 

174 Quar t z - minor calcite 

20105 Epido t e - chlorite - quartz -

f e l dspar - a r e minera l 

P l agioc l a se-chlorite-muscovite 

- ca l c ite - quartz-epido te 

PI Rgioclase- epi do t e - ch lorite - c a lcite 

2 19 02 Plagioclas e-chlorite muscovi t e -

epidote - quartz 

Plagioc l ase - chlorite ~ quartz -

calcite 
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Samples tak en at 206 .4 a nd 21 9 . 2 me t r e s 

dep th s howed th a t th e r ocks essentially c ontain 

o l igoc las e , chlorite and muscovit e with subor di n ­

ate car bonates and accessory quartz, epidote , 

sph e ne and opaque mine rals. The oli goclas e is 

partly s e riciti zed. The r ocks show l epidoblastic 

texture , often with c r e nu lation cleavage . Sampl e 

t aken at 224 . 8 m. showed the r ock t o contain 

p l agioc l ase , chlorit e , quartz with subordinate 

ca lcite , and opaque mineral s . The p l agioclase , 

a l b i t e - o ligoclas e , is strongly s e r icitiz e d o The 

r ock is of granular t e xture , s amp le a t 30 m. 

depth show q partz carbona t e ve in . Th e ~arbo na te 

(calcit e ) shows tWinning . 

The wel l defined cre nulation lineati on to­

ge the r with the large scale folding and the well 

developed axial p lana r cleavage , sh ow the r o cks 

t o have under gone at least two periods of inte nse 

de f o rmation. 

2 ~ ) . 3 .3Q Summa r y and Conclus ion 

Petrog r aphi c s tudi e s done on DDH
4

, DDH
S

' DDH6 

and DOH 7 mad e t he f o llowing conc l usions possible : 

a. Gen e r ally gr eensch i s ts ar e t he r e sult of 

diff e r e nti al a lteration of a granodiorite / 

diorit e intrusive stock . Exc e ptio ns a r e 

tho s e d e rived from amph i bo lite so 
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b . Vertical variati o n in t he ty pe and content 

of th e constituent minerals is observe d. 

Calcite , or e minera ls and amphiboles 

show an increase with dep th. 

Biotite is restricted in occurrence 

Quartz , feldspar , epidote , chlorite persist 

wi th varying amounts thr oug hout . 

Sericite appear s only a t shallow depths 

c . Late ral variation i n minera l ogy metamorphism , 

and structure is observed . 

Southward decr ea s e in carbonate observed 

i. e . fr om DDH4 to DDH
7

• This is a ls o 

supported by important conclusion give n 

under "moda l abundance". 

Southwar d dec r e ase i n metamorphism , 

(deduced from mineralogi ca l association) 

and de f o r mation intensity. 

2 02 . 40 Chemical Ana lysis 

2 . 2.4 .1. A. Me tas edi mentary - metav o lcanic sequence 

For e i ght r 0presentative r ock samples 

Na
2

0 and K
2

0 contents are ana lys ed and the 

f o llowing results are obtained : (Table '1) 0 

Samples Na
2

0 K
2

0 

1 320 1. 4 2 . 8 

1326 3 . 8 8 06 

1 323 1.2 1. 9 

1321 2 .0 1. 8 
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T
15 0 0 6 3 0 3 

1'44 4 . 2 4.5 

T52 3 . 4 1.7 

TO 0 0 1 0 .1 

Gr aph for K20 against Na
2

0 content is 

constructed (s e e f igo 22) 0 A highe r K
2

0 

con t en t tha n Na20 conte nt is see n in general. 
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Samp l e Hoi s t above 

Numbe r Si02 A1 20 3 Fe 20
3 TiCl2 Mn O CaO I'1g0 ~a ° 2 

K
2

0 _ 110°C 10°C 1 , Sum 

( total) 

14 8010 68 08 1 3 09 4 09 0 04 0 01 1 . 0 0 . 7 4 09 3 0 1 0 . 1 10 3 99 .1 

14 8019 70 0S 1 4 0 S S 02 0 02 0 04 0 . 3 0 0 8 4 03 2 0S 0 0 1 10 7 99 07 

1 48029 4 So S 1 2 ", 3 16 03 3 00 0 02 9 0 4 S 09 2 08 0 .. 4 Oel 1., 4 99 0 2 

1 48030 48 . 1 1 3 0 4 17 . 6 3 00 0 02 6 03 S 02 4 ., 0 0 02 0 .,1 2 01 1 00 0 2 

1 48040 63 0 S 1 6 09 3 02 OoS 0 01 0 0 9 3 ., 9 8 .1 0 02 0 01 3 2 ., 3 99 ,, 8 

1 4804 3 S2 ., S 13 . 8 1 3 06 3 .. 0 0 ,, 3 S 03 3 07 4 0 9 0 ., 3 0 ,,1 L 6 99 01 

14 804S Sl.,7 1101 1 0 02 OoS 0 01 707 S 03 3 05 0 .. 3 0 .1 9 03 99 08 

148074 49 0 5 1 4 0 9 1 2 04 1 06 2 02 8 ~ 3 S ,, 9 3 07 0 01 0 .7 2 04 9 9 .,7 

149068 61 0 6 1 6 07 701 0 08 0 0 1 0 06 4 03 4 .. 2 l .. S 0 . 3 3 0 1 100 02 
1 490 73 S7 0 S 1 6 09 9 00 0 08 0 01 Oo·S 4 03 S oO 1 0 6 0 .. 8 3 ., S 100 0 0 
1 49092 S8 . 2 170S 6 . 8 0 0 6 0 ... 1 l.. 3 S oO 703 0 0 4 O ~l 2 08 100 00 
14 9 105 70 . 4 1 3 0 3 5 07 0 0 4 0 01 1.5 0 09 S 05 0 08 0 . 1 L O 990 6 

(Table 8) (Afte r- Soukourokov, u npub li she d) 

Results are in percentage 
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2 Q 2 .4. 2 . B. Intrusi ves 

r 

6 

4' 
Na20 

2 

2 . 2. 5. Structure 

Mos t o f the intrusive rocks as deduced 

fr om pe trographic studies and si licate a nal ysis 

a r e of quartz dioritic composition (s ee Table 

8 ) . The K20 per cent distribution is plot t ed 

aga i ns t Na 20 percent distribution (fig. 23) . 

The r es ult shows hi gh e r Na
2

0 c onte nt . 
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2 6 8 1'0 

Because of lack of e xposure a nd structural complic -

ation o f the area no accur ate structural interpr e tation 

is pos sible . Ho we ver, some at t empt is made to unravel 

th e structural features including the numbe r of deform-

ation episodes a ff ec t ed the area. At l east two 

de for mati o n episodes a r e identified . 
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First Deformation (D ) 
. 1 

This peri od of deformation has bee n infe rred fr o m 

the presence of intens e pene trative deformation in th e 

rocks r e sulting in th e de ve lopme nt o f large sca l e f o ld -

ing (AI) associated with a we ll d e velope d axi a l pl anar 

schistosity (Sl) whi c h oft e n comple t e ly trans poses the 

o riginal s edimentary l a y e ring (So ). The e ast - west d 

direction of the deformative f o rce (F
l

) r esult ed in 

the formation o f submeridional or north south tre nding 

major faults of the area . The predominantly NNE- SSW 

penetr a tive schistosity was d e velope d becaus e o f the 

intense f l attening the r ocks underwent. Seri e s of 

synforms and anti forms a r e r ecogniz e d p lungin g on the 

a ve rage 9
0 

SW in the easte rn half and a bout 7
0 

NE on 

the average in the weste rn half. This is infe rred 

from the p lungi ng of lineations (L
l

) as the y r e fl e ct 

the attitutde of meg a structures (folds). Th e axial 

p l ane and th e associate d schistosity a r e sometimes 

v e rtica l but generally dip to the west at an angle 

o f about 70
0 

on the average . Di a mond dri lle d core 

sample s suggest an e ven ste eper dip and possibly 

an ove rturning to the east. Re cognition of folds 

was a challenge to t he fi e ld work but WaS resolve d 

using c onventiona l structur a l f ie ld t e chnique s s uch 

a s faci ng and bedding /cl e avage r e lationships o 
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The amplitud e of t hes e f o lds was de t e r mi ned in 

a d j ac ent a r e a and v a ri e s be twe en 100 a nd 200 me t e r s 

with a wav e l e ng th variati on be t ween 200 a nd 60 0 me tr e s. 

Th e cla sts in the con g l omer a tic s eque nce a r e 

d e f orme d diffe r e ntly a t diffe r e nt places . Th e y g e n e r a lly 

vary fr o m S- t e ctonite t o L-te ctonite , he nce mod~ of 

de f ormation v aries fr om a flatt e ning t o a c ons trict-

ional type . On the s outh o f the ma pped area the 

L- t e ctonite s ar e we ll deve loped wh e r e as in the cen t ral 

and on n orthern portion the S-te ctonite s pre domina t e . 

The L- t e ctonite s c o nfo r m with the f oliation pl a n e . 

The differe nc e in the strike of foli a ti on di rec tion 

and strike of bedding range s fr o m 50 ro 20~ 

Second Deformation ( D
2

) 

This de f o rm a tive for ce (F
2

) was l e ss in magnitude 

a s its e ffect is not of r egional importanc e . This 

h o we v e r l ed Belay1 2 to c o nclud e that thi s D2 was 

a ctua lly part of Dl a s its e ffe ct is s een only in 

i n c omp e t e nt be ds. 10 ' t Tesfa y e , ho we ve r s ees l 

di f f e r e ntly and says tha t the r e a r e two kinds of micro -

fol d s, (as D2 is best manifested by s mall scale folds 

of 1 to 20 me tre s a mplitude wi th crenu l ation c l eavage s 

t ha t v ary fr om wel l de ve l oped t o poorl y deve lo ped) 

b~e t ha t a ff ec t e d t he Sl' t he o t her t ha t did n o t 

affe ct Sl and concl ud es that th e two are diffe r e nt 

in ag e s and he nc e be l ong t o d i f f e r e nt deforma tion 



," 

,. 

- 51 -

stageso However field obs e rvation s eems to support 

Tesfaye's view o 

The folds are gentl e with sublatitudinal a nd NW-

SE trends superimpose d on the first phas e folds (A )0 
1 

At certain localitie s in A2 folds ve rtical line ations 

(L2 ) are observed with vertica l axial planar schisto­

sity (52). Throughout the are a , however, refolding 

of the first cleavage and d e ve lopment o f cre nul a tion 

cleavage is observed o Evidence for s e cond deformation 

is the f o rmation of stee p s e condary cleavage s in the 

same dire ctiono These s e condary cleavage s produced 

cre nulations in already foliat~d s e diments o 

This deformation episode is characte rized by two 

kinds of faults having sublatitudinal (Ade n Gulf direct~ 

i on)o In some o f the s e faults brecceatio n and mylonit-

ization are observed o This is well seen in the north-

ern and western parts of the a r e ao 

Conclusi0n 

Th e study sugge sts that the initiation and d evelop-

ment of the first and main d e for mation episode was t he 

r e sult of continued compr e ssion following continent-

arc collision that was mark e d by the colosure of 

interarc basin o 

Imme diate ly afte r or during compre ssion of the 

first pe riod acting east-we st, a greater amount of 

uplift with pr e ssure of 6-7 kb o and a t e mperature of 
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650- 750° i n t he Bar o r e gi on 36 took p l ace. Becua se 

of t hi s compr ess i on and the up l ift a l if t ing of the 

megas t ructures axes mi ght have taken pl a c e the r eby 

cons t ituting t h e s e cond de£ormat i on . 

Metamorph i sm 

Typ i ca l mi n e r a l ass e mb l age s found a t Katta me ta-

mor ph i c sequences a r e : 

Quartz - ser ici te 

Quartz - calcite- sericite 

Quartz - a l bi t e - s e r icite 

Orthoc l ase- quartz - s e ricite 

Ca l ci t e -chlori t e - acti n o li te - epidot e 

Actionoli te- epidote- chlorite 

Actinolit e - epidote -calcite 

Epido t e - chlorite - muscovite 

Muscovi t e - actionolite - quartz 

Biotite- muscovi te- chl orite- qu artz 

The rocks underwent r eg ional metamorphism in th e 

greenschist facies during firs t defor mation episod e . 

The metamorphism grade s eems to increase to t he east 

as obser ved in the Tu l u Bol i are wher e the rocks a r e 

mostly bio t ite schists. Segr e ga t ion of mine r a ls in 

thin bands are also s een southwards . 

The s e cond d e formation episode is s een in re­

crystallizati on. Around the intrusive bodi e s n o 

sign o f contact met amorphic e f f ec t could be s een 



- 53 -

becaus e of l a ck o f e xposure or have been oblite r a t ed 

by hydrotherma l alte r a t ions. 

, . 
Since the r ocks of this f rtci es a r e f o r med at low-

es t me tamorphic t emperatu r e s, they are cha r ac t e ri zed 

by hydrous mine r a ls and abs e nce of garne ts a nd pyro -

": '" x e n e s of highe r f acie s . Howe ve r, th e r e a r e actino-

lite amphibo l e s r esulting fr om the c onve rsion o f 

j ~;; ' • • 

a luminous hornb l e nd of hi ghe r f acie s as chlorite be -

40 
come increas ing ly abund ant 0 Gener a lly two subfaci e s 

are r ecogniz e d in this f ac i e s: higher g r ade biotite -

chlori t e subfacies a nd lowe r gr ade muscovite - c hlorite 

. "~ .L r·-
subfacie s ~ where the me tamorphic grad e incre as e s 

'.. ", .r- J I: especially t o the eas t , biotit e - chlorite s ubfaci e s 

. ~ .:':: . 
a r e found. At lowe r metammorphic grad e which is 

dominan t in th e r eg i on , muscovite - chlorite subfacie s 

are obs e rve d. 

2 0 2 .7 0 Alte rati on 

., " Because o f the complexity of the structur e s, i~ 

is difficult t o d e lineate the diffe r e nt zones of a l t Qr-

n ation accur a t e l y . Nev e rthe l e ss the diffe r ent alter-

a ti on zones a r e given be l ow. 

(1) Chlorit e - epi do t e - calcite alteration zone . 

This is f ound a t depth and s h ows c o mpl e t e r e -

p l acement of amphibo l e and b i o tite by chlorite a nd 
. / 

epidote. Minor amount of f e l dspa r is a ls o r ep laced 

by epidote a nd ca l cit e . Ch l orite cou l d also be 
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fo r me d as a re~ ul t of r ep lacing acid i c g lass in tuff 

41 
and lavas. This the r efore suggest t ha t t he ove r a ll 

intensity of a l te r at i on is we ak to mod erate. In this 

zone o r e miner a lization i.e. pyrite and cha l copyrite 

conte nt are maximum . 

(2) Ser i cite - a l t e r a ti o n zone 

This is found a t a very sha llow depth. Comp l e t e 

r eplaceme nt of p l agioc l ase to sericite has taken p l a c e . 

Minor amounts of quartz , ch l ori t e and pyrite are 

observed . The s e ricite could a lso be f o rmed by r e -

placing acidic g las s in tuff and lavas. 

(3) Bi otite - al t erati on zone 

This is in between the above two zones . The 

amphibol of the volcanics and vo l canoc l asti cs have ; j 

been a ltered to green biotite. Some ch lor i t e and 

epidote are associate d. This zone pass e s onto ch l orite 

- epidote - ca l cite zone. Pyrite is also f ound . 

(4) Silic ifica t i on 

Si licification occurs along highly she ared zones. 

Mi croscopic e xaminati on r e veals a mosaic of coarse 

grained quartz with subordina te amoun t of sl bite , 

s e ri cite a nd muscovite . This may be gradational t o 

serici t e o r ch l orite - epidote - calcite alte r ation 

zone s. 
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Con c l usion 

bo th 

Th e a lte r ati on could have been brought a bout b y 

(i) hydrotherma l so luti ons and 

(ii) r e g i ona l met amor phis m 

Howe ve r, the e ff e cts of the t wo c annot be di s tinguis h e d . 

2 0 2 . 8 . Pa l eogeography 

Th e are a fo r ms part o f the Birbir group of the 

u pper comp l ex . The manne r of d eposition o f the Birbir 

group is di scussed h e r e . 

Afte r t he formati on of cra t onic bas e me nt 2 , 500 m.yo 

ago, due t o upsurging of mant l e p l umes , doming, fractur ­

ing a nd subseque n t rifting with u l timate oce anic litho­

sphe r e f o r mation took p l a c e . Creation of oce anic litho­

s phe r e stoppe d a t c erta in sta ge , may be due to change 

in the g eogr aphy of the co nve ctive curre nto Westward 

sUbduct i on was initiate d forming Andean type contine nt­

a l marg in. Late r on inte rarc basin wa s cre ate d due 

to thinni n g and e xte nsion of the arc its e lfo De posi t­

ion o f l owe r Birbir gr oup took place in the basin 

750 moY. a go o The closure o f this basin by continental 

c onvergenc e accompanie d b y subduction caus e d arc type 

volcani sm and the d e position of Middle and Upper 

Birbir Group 6 50 m.yo ago . 

The r oc ks in t he mapped a rea f or m part of the 

Uppe r Birbir group o The e nvironme nt o f deposition 

of th e r o cks range d from s ubaerial to subaqueous . 
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Support for th i s includes the pr e senc e of cross ­

bedding, graded bedding , pr e s ~nce of conglomeratic 

unit and absenc e of well stratified pyr oc las t ics . The 

d i oritic bodies which outcrop continuously and fo l l ow 

north - s o uth direction, may pr obably outline a young 

irreg ula r pa l eo - landsca pe . 

The presence of conglomeratic unit sugges t a n 

unconformity charac t e ri zed by ma j or hiatus befor e the 

deposition of the younge r r ocks. The younge r r ocks , 

however , show no s harp c ont a c t be tween the unit s 

there by sugge sting continuous volcanic activity a nd 

rapid sedime ntation. This continuous volcanic ac tiv-

ity a nd acc ompani e d sedime ntation is indi ca t e d by the 

pres e nce of inte r me di a te silicic me t a vo l canics ( a nd esiti c 

- dacitic - rhyo litic t uffs) , l ape lli tuffs , pr obably 

a gg l o me rate s and a vas t amount o f vo lca no-cl a s ti cs, 

a n d by the pr esenc e of b lue quartz porphyry o 
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ORE PROSPECT I NG 

3 01~ I ntrodu c ti o n 

The t hick s o i l c o v e r (20- 40 metr e s) a nd the poor exposur e 

o f bed r ocks make the a r e a difficult t o s t ud y ge o l ogi cally. 

This pr ob l e m coup l e d with t h e occurr e nce o f goss a nife r o us 

bodi e s a bo ut the s oi l c ove r a t diff e ren t l ocalities e ncourag e d 

the us e o f geo ch emi c a l e x p l o r ati on t e chniqu e s to understa nd 

an<! de t ect .. p e s sibl e eco nomic sul p hide deposi ts 0 Fr o m time 

t o time t he Unite d Na t i o n Mine r a l Surve y a nd t h e Eth i o pian 

I n s t itu t e o f Ge o l og i ca l Surve ys carried out ge och e mica l 

exp l o r ati on work on str e a m s e dime nts bed '" rocks, s oi l s a nd 

gossanife r o u s bodi e s • . For a be t t e r u nderstand ing of the 

mi n e ra l izati o ns, di a mon d , At l as Copco a nd manua l a uger drill­

ings wer e carri e d out in Katta at d i f f e r e nt l ocalities a n d 

the work have me t mi x e d fortun e s . 

3 . 2 Q Regi ona l Geoch e mica l Surve y 

Geo chemi cal s urvey was fir s t introdu c ed i n Ethiopia by 

Un i t e d Na tio ns Mine ra l Surve y in 1 968 0 ~he fi rs t wor ks were 

d on e in two s e l e cte d a r e as, o n e in Sidamo a n d t he o t h e r i n 

Ho ll ega o Du r i n g the first stage o f t he exp l or ati o n, the 

g eochemica l surve y was pr ima r y co nce rne d with c o ll e cti o n 

o f str e am s e di me nt samp l e s o h n a l y t i ca l r e s u lts wer e 

compi l e d a nd incl uded in the UN r eport ( Uni t e d Na tions 

Ethiop i a , Repor t o n Mine ra l s urve y i n Two s e l e cte d Ar eas 

o f Ethiopi a - 1971 * 0 ~ oil samp l ing s we re do n e o n t he 
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the subsequent stages. The r esults of the r egional ge o ­

chemical survey i n Weste rn Wo ll ega carri ed out in the period 

b e tween 1 96 8 and 1971 are shown in figures 25 and 260 As 

can be seen fr om t he two fi gur es , KRtta f al ls in the zone 

delineated to b e unoma l o us in copper a r s e nic and cobalt. As 

t o the z inc, however, s ince the high zones a re wide ly spre ad 

allover the survey area , no outstanding zone ha s been 

. d' t d 14 In lCu e 0 

3 0 3~ ~0cal Ge ochemical Surve y 

3 . 3 .1~ Stream Sediments 

Stream sediment samp l ing in Katta was the first 

geochemical s urvey currie d out by United Nations 

Mineral Survey in the p eri od b e tween 1968- 1971. 

Aft e rwards s e ve ral samp l e s were colle cte d by differ-

ent people s. The compi l e d data was statistically 

treate d by Pisar ski a n d present e d in a histogram 

figure 27 . Th e statistical inte rpretation, however, 

fails to sho w any anoma lous va l ue in copper in stream 

sedi me nt samp l e s draining th e Kat t a 1 and Kat ta 2 

mineralized a r e as . To know the reason a PH survey 

was done and it was found out that the r eas on for 

small a nomalous value s was due t o the r elatively 

low PH (5 0 5 - 6 . 0) of the str eam wa t e rs which act 

d · t 1 5 as lspersan 0 There fore , it seems that stre am 

sediment sampling is unimportant in Ka tta. Ho wever, 

r e c e nt v e ry d e taile d stre a m s e dimen t sampling indicat-

e d what could be inte r pr e t e d a s small pocke ts of copper 

. l ' t · 14 mlnera l za l o ne 
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3e3e2 . Bed Rock and F l oat~amples 

Several r ock sampling were done from t ime t o 

time by different peopl e including the author. 

The sam p l es a re crushed to l ess than 80 mesh s ize 

and 0.25 gm. of it was ~reated wi th 1 ml HCI0
4 

heated to white fum e and later l eache d with 9 ml 

(1 + 9 ) HC1. Ana l yses for copper, zinc, ni ckel, lead 

and cobalt were perfor med by atomic absorption. The 

thresho l d value s of the e l ements were calcula ted 

and the results are presen ted graphically by histo­

grums (figures 28-32) 0 The variation of the e l ements 

wi t h the stratigraphy is shown in Table 9 . 

The copper, zinc and nickel values in PPM of a 

number of fe rruginous outcr ops and float samples of 

unknown lithology around Borokis river are g iven 

below : (Table 10) . 
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Table 9 

I 
_. 

r 
No o of 

R~ ck T::tI2es Sampl es Averaqe --

Co ' :p Hi Cu Zn ~. 
Granite 1 

I 
7 7 2 0 5 94 38 19 

Quartzo - fe l d o 
I 

I I schist j 10 7 '7 10 95 63 18 
' .' 
I 

Quartz - sericite I 
ph::tlli t e 1 6 . 1 6 2 6 58 99 21 ! 

Quar t z - graphitic 

L I2l.!.Y.11 i t e I 5 2 7 4 7 63 100 20 
I 

Ca l car e ous- quartz I 

s e n c i t e -.Eh:zllete i 
20 1 7 26 I 62 65 110 

Ca lca reous ch l orite I 
schis t 5 34 44 85 72 18 

Gneiss 1 12 I 2-,,_5 3 30 2A.2 .-4...4-

IvJetadiori te 1 20 60 70 50 20 

I 
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The COpper , z inc and ni cke l values in ppm of 

number of f e r ruginous ou t c r ops a nd fl oat sampl es o f 

unk no wn litho l ogy a r oun d Bor okis r ive r a r e g i ven 

be l ow: 

Ta b le 10 

-,-
-~ 

No Cu Zn Ni 

1 310 I 190 330 

2 600 1 0 5 21 5 

3 100 13 00 21 5 

4 330 460 50 

5 1 50 640 3 75 

6 550 510 80 

7 360 310 125 
) - -

The z inc/ c opper r a ti o fo r t he differen t r o c k s 

doesn ' t show any c l ear pa tte r n o f dis tri bu ti o n . 

Howe ve r , f r om t he tab l e above an upwar d g e ner a l 

d e c r ease of c opper and z inc i s observed . The Cu- Zn-P b 

weigh t p e r cen t a ge p l o tted i n a t e rna ry diagr a m, f i g . 33 

sho ws that all t he r ocks f a ll a l o ng or near t he Cu- Zn 

line , th e r eby suggesti ng t ha t t he r ocks are e n~iched 

i n Cu- Zn and defi c i e nt in Pb ~ This fact we ll agr ees 

with t hose ob t ai ned f r om s oi l da t a d is cus s ed l a t e r on . 

For establi sh i ng t he r e l at i onship be t ween Co , Cu , 

, 42 Zn, Pb a n d Ni Spearman Coeffici e nt of r ank c orre la t l on 

was app l ied f o r 4 2 ro c k and 7 gos s an ana l ys is . 
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[
I' .. .. 2 

. " = 1 -6( ld + 
3 

n - 1 

1!vhere , = estimate o f rank correlati on co-

efficient 

n 

sum o f square differences between t he 

corr esponding ranks 

the number of analysis 
,C:: 3 

1 /12 ~~ ( It - It ) == additi onal co-

efficient f or the equal ana l ysis va l ues , 

m the number of groups of the equal values 

It ~ the number of popUl ation member s wi th 

equa l values 

Calcul a t ed is compar ed with acceptable . 
~ 

f acc = 109 6 f o r 5% leve l o f significanceo 

The calcula~-~irrelation coeff icient for each 

rock types are: 

10 PopUlation o f 5 analysi s calcareous chloritic schis t 
/" 

.f Cu- Zn 0 0 904 
/ ' 

f Cu-Co 0 0 903 
....... 
fCu - Pb 0 0 516 
/ ', 

P ..c: n - Pb 0 0 47 

'" P Cu- Ni 0 0 13 
/'. 

lacc F Zn - Ni 0 0 01 6 0 0 98 
j\ 

f Co- Ni 0 0 32 

f Pb- Ni 0 0 71 
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II. Populati o n of 17 analysis o f calcareous quartz 

seri ci te phyllite 

,.., 
P Cu- Pb 

P' Zn - Pb 
I, 

f Cu- Ni 
A 

P Zn - Ni 
/ :' 
f Cu- Co 

- 0 0 147 

0 0 28 

0 0 49 

I \. 

f a cc 

IIIG Po p u l ation of 5 analysis of quartz-graphi tic 

phyll i te 

'3 J Co-Ni - 0 0 25 
1\ 

f Co-Cu 0 0 903 
A 
P Co - Zn - 0 0 25 

~ Co- Pb 0 0 52 
j\ 

P Ni-Cu 0 0 52 
h [;' Ni - Zm 1 p acc OG9 8 J 

,;, 

f Ni-Pb 0 0 61 
/' 
,~ Cu- Zn 0 0 52 
,"-

P Cu -Pb - 0 0 25 
/:-
.P Zn-P b 0 0 61 

IVa Population of3 analysis of quartz-sericite 

phylli te 

1 \ 

F Co--Ni 

" f Co- Cu 

/\ p Co- Zn 

/ ' 

}) Co- Pb 

/'. f Ni- Cu 

1 

1 

- 0 0 7 

- 0 0 7 

A 

face 



f •• , 

, .. 

- 69 -

/\ P Ni - Zm 1 
/-

P Ni - Pb - 0 . 7 

ft Cu- Zn - 0 . 7 

.ft Cu- Pb 1 
j, 

f Zn- Pb 1 

V ~ Popul a tion of 10 ana l ysis of quartzo- fe l dspathic 

schis t 

/ , e Co-Ni 0 ~ 32 5 
;, 
0 Co- Cu 0 . 63 .; 

~ Co- Zn 0 . 0 2 

" P Co- Pb - 0 .178 
/ \ 

A Y Ni - Cu == 0 . 041 fJ acc 0 . 69 ) 

P Ni - Zn - 0 . 24 

? Ni - Pb - 0 .1 4 

.P Cu- Zn 0 . 3 7 
/ ' 

f Cu- Pb 0 . 92 
/ \ 

l' Zn-Pb 0 . 70 5 

VI . Populati on o f 6 ana l ysis of f e rruginuous out c r ops 

9 fl oat samples . 

" f Cu-Zn c - 0 . 45 
I, 

.p Cu- Ni - 0 . 62 
/\ 

.P Zn - Ni 0 .16 

/\ 

facc 0 . 8 75 

The r esults are p l o tted in fi g . 34-39 . Good 

correlation i s mainta i ned be t we e n Cu- Zn and Co-Cu. 

I n order t o estab l i sh h ow s ignifican t are 

d ifferences of x a nd s f or different rock types 

Fisher F 2 2 43 
sl/s 2 and student t 
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N 
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sample mean 

population mean 

(n 
1 

sample size 

+ n 
2 

2 

standard deviation 

Criteria were appli ed . 

The confidenc e interva l for F s~ with 5% 

level significance and k l 

n 2 - 1 degree of f r eedom i s taken from Fisher 

c riterion table . The confi dence in t e r val f or 

t x -
1 

s p J il~~-~-·-i/~~ 
with 5% leve l of signific-

ance and k = n + n - 2 degree of fr eedom i s taken 1 2 

from student t criterion tabl e . F a nd t distribut-

i ons with their corresponding degree o f fr eedom and 

values f o r each r ock type are s h own be l ow
o 

Calcareous - quartz ser icite phyll i te (A) Vs 

quartz - graphite phy l lite (8 ). 

s2Cu A 
4.68 < 5.8 7 

degr ee of freed om 

5 . 8 7 

~ ._.-- ---
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d egr e e of fr e e do m 

II . Ca l - gz - s e r - phyl lite ( 1\ ) Vs qz -s e r - phyl1ite (C) 

F 
Cu S 2Cu A 

S 2Cu C 

S 2Zm~ 

S2Zn C 

== 10 605 < 1 9 .4 

F 
Zn 

tcu 0 . 0 1 5 < 2 0101 

t Zn 0 . 462 < 2 010 1 

degr e e o f fr eedom 
1 3 . 86 < 1 9 04 

:: 19 0 4 

degr ee of fr eedom 

III. Ca l - gz - ser-phyllite (A) Vs ca l - chloritic schist (D) 

F 
Cu = s 2Cu A 

S2Zn 0 degree of freedom 

F
Zn 

s2Zn A -- 2 09 3 < 5 08 7 

S2Zn D 

tcu == - 0 . 8 5 < 2 . 086 

tZn :: 10 76 < 2 0086 
degree o f freed om - 2 0086 

IV. Cal-qz - s e r phyllite (A ) Vs quartzo- felds pathic 

schist (E) 

FCu == S2Cu A 0 . 3 77 < 3 .00 

S2Cu E 

s2Zm F
Zn A 

0.519 < 3 000 
S2Zn C 

t 
Cu 0 0046 <'2 . 060 

degree of freedom 

:: 3 . 00 

t Zn 2 032 "> 2 .060 
degree of freed om 2 00 60 
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Thus c a lcu l a tio n o f F and t f or Cu and. Zn 

suggest that there sho uld no t be significant t 

di f f e r e nc e be tween x and s f or these el e ments in 

diffe r e nt roc ks o Infact the s ame c onclusion is 

r e ach e d in phyllites a nd schi s ts in a d j acent area
o 

Aga in t o d e termine if the r e is any lateral 

change westward in the e leme nts, ca l culati ons done 

on the d i ff e rent rock types discuss e d a bov e are 

c ompare d with the calculati ons done by Soukourokov 

o n phyllites and gr e enschists of Katta 2 ~ The 

r esul t s s h ow no signific ant difference laterally 

in th e elements within e ithe r the phyllite s or 

gree nschists b ut a sligh t increas e in Zn c onte nt 

eastwa rd i s observed o Th i s is confirmed by 

Souko urkorv's calculations o n 575 bedrock and 377 

fl oa t s ample s in which th e Zn/Cu ratio shows 

definit e patte rn o f distributi on laterally, ioeo, 

late r a l zo na ti ono Th e boundary between the high 

4 4 v a lue s o f Cu a n d Zn runs a pproxo north e ast 

(s ee fi g o 4 0 )0 

From t he a bove calculations it can be con-

c luded tha t th e actual surface distribution of the 

elements is n o t c ontro lled by any specific litho-

l ogi c al u nito The same conclusion is reached 

b y Sou kour okov a nd to support his conclusion he 

e stabli s hed ori entati o n pattern for gossanifer ous 

zo n e and n oted that the gossaniferous zones are not 

relate d t o a ny particu lar litholo gical bed, but cross 

cut bed s of diffe rent compo s itio no 

\, 
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3 . 3 . 3 . Soi l Samp l es 

The firs t geochemicul so il survey was do ne a t 

Katta 1 by UN in 19 71 during which a 50 me t er wide 

anomalous zone was e stablished across t he strike of 

mineralization . oecause o f this l ater wo rk starte d 

a nd succeeded t o delineate a 300 me tre l ong and 100 

me tre wide anoma l ous zone . The r e sult thus ob t ained 

e ncouraged different people to cover almost t he who l e 

Ka tta by soi l sampl ing i n r egular g ri ds . The author 

also collected a minimum tota l o f 600 soi l sampl es 

fr om three diff e rent l ocalitie s. Tuluboli, Enemay 

and Aderi e . The samp l e s a r e sent t o t he Geochemical 

Laborator y in Addis Ababa . 250 mg of the sampl e s 

was pu t into a test t ube ( 180 b y 1 6 mm ) and 1 ml o f 

60- 70% HC l 04 (per chloric acid) was added , a nd d i gested 

on sand tray f or 30- 45 minu t es t hen 9 ml (1+ 9 ) HCl 

was added and subsequently shake n . The s o lution was 

then heated in wa t e r bo t h fo r 5-10 minut es. Finally 

it was r emoved and shaken for complete mixi ng and 

was l e t stand overnight. It was t hen r ead o n t he 

atomic absorp tion spectrophotome ter caliber a ted by 

us ing standard solution s . The r e sults obtained a r e 

pr esented in histograms (see fi gures 4 1-15 )~ The 

range in PPM , the thr esho l d va l ues o f e ach e l ement 

ana l yzed and the highest va l ues o btained for s o ils 

c ollected from Enemay , Bor okis Aderie and Tulu Boli 

areas are tabulate d (s ee Tab l e s 11-1 4). To calculate 
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the thresho l d v alues t he f o r mu la : Tr = X+2S (whe r e 

X i s mean and S is standar d deviat i on) is used . Geo -

chemica l maps for Tu l u Bo li and Borokiss a r e a l so 

pr epar ed f o r each e l e me n t (s ee figur e s 46- 5 7 ) . 

Pr o f i l e s e c ti ons of Tulu Bo l i , En emay and Ade r i e 

a r e as a r e a l so mad e ( s e e fi gures 58 - 60 ). 

Enema y Ar e a (P r o fil e 1 ) 

~ L:: n Co Ni Pb - r·_ '::-

Eange in PPm 2 . 5-1 30 25 - 100 2 . 5- 110 2. 5- 420 10 - 55 

PPm 

Thres ho l d 11104 66 . 4 

I 
52 292 . 2 29 

, 
llighest va l ues 130 ,100 110 420 I 55 

I I 
11 5 I 90 100 350 45 

1 20 8 5 9 5 38 5 40 

11 10 80 90 380 

I 
30 

I 
! 

110 5 75 8 5 360 25 

Tab l e 11 

Aderi e Ar ea (Profi l e 2 ) 

Cu Zn. _ 
~ 

Co Ni Pb 

Ha n ge in PPm 10 - 90 30- 110 1 5- 45 35 - 1 25 20- 40 

Thre sho l d 88 Q7 98 36 8 7 38 

Hi ghes t v alue s 90 1 10 45 1 25 40 
, 8 5 100 40 120 35 

I I 80 90 35 11 5 30 
~ , 

75 80 30 110 2 5 

i I ! I 
i 70 I 75 I 25 100 20 - . . 

Tabl e 1 2 
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Tulu Boli Are a (Pr ofil e 3 ) 

- r---- - --·-r--- - - -r-- ----r---·· - ·- ·-- -- -

~------L~._ Zn _! _~o __ _ Jh ._--L._ Pb ~s..* . 1 r J '~ 

I
t r ~ . 

l~ange in 

Thr es ho ld 

Hi gh es t '. 

v a lue s 

PPm 40- 11 5 30- 105 ~ • 1 S- l 70 ' 50 - 300 20- 81 1 2- 548 

, I I 80 70 I 40 

1 '. 1 5 05 170 

105 90 55 

100 85 50 

95 J: 45 

90 75 40 ._---

1 60 

I 
300 

2 70 

240 

220 

21 0 

60 150 

81 548 

77 473 

75 4 34 

71 415 

70 384 

(* As d a ta obt a ine d f r om Sisay , 19 72 ) - Tab l e 1 30 

i30 r oki s sa (iI.na1ytica l Data ob t a ine d fr om Sis ay & Hai 1u 1972 ) 

- -.-- _. __ .-
Cu Zn Co Ni Pb I\s 

Range 35 - 113 1 2- 196 42- 78 46- 159 26 - 80 21- 4 55 
I 

Thre s hold 80 100 I 65 100 40 150 

Hig h e st 11 3 1 54 
I 

78 ! 1 59 80 t 4 55 
I , 

/ 

values 9 6 118 74 1 3 7 67 10 5 

85 '11 5 74 1 24 64 376 

84 1113 I 74 114 62 344 

8 3 1111 I 74 113 62 300 
---- .- --

Table 14 
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Apart from t he t ables given a bov e , soil sampl ­

ings at Katta proper show the f o llowi ng Cu r es ults 

(only highest v a l ues ar e g ive n)17. 

Ka tta 1 

Katta 2 

10 , 900 PPm Katta 3 

Katta 6 

700 PPm Ku ta l a = 770 PPm 

3 , 200 " 1 , 300 " Tu luchuche 325 

Katta 2 South = 1,41 0 PPm Katta N. V.I . = 500 " Ka tta S o 0 550 

The r esul ts and geochemica l maps show that the 

disper sion pattern of t he elements is not continuous 

and the anomalous zones are found a s s e parate patch e s 

in a nyone of the l ocalities a 

At Tu l u Boli a nd Borokiss the anomal ous zones 

tre nd north - south fol l owing the strike and fo li a ti on 

plane. The ZnxAgxPb/Cox NixCu rati o of all the so i l 

samp l es f r om Tu l u Boli , Ene may and Aderie area is 

be low I there by dis turbing the l ateral zona t ion 

pattern in which r e lative ly mobile e l ements (Zn , As 

& Pb ) become prominant t owar d s the eas t (fi g
o 

40 ) . 

The r e lating higher Co , Ni , & Cu content may be due 

to the many diaritic intrusions, found n orth eas t 

o f the mapped area , in which hig h Ni anoma lous zone 

i s d e lineated (fig . 26 ). 

3 .3 0 4 0 Drillinq 

Recently d r i llin g oper a ti o n was carrie d out in 

the year 1 9 72-78 by United Nations and it is still 

being co~ tinued at the time of the preparation and 

writing o~ this thesis a 
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Accor ding to Ahmad a minimum t otal of 205 

bor e hole s (Atlascopoco and manua l auger drills 

in about 33 p r ofiles , each profi l e c onsisting o f 

2 to 26 bor eho l es of varying dep th and r e aching 

a maximum o f 45 me tres , were dug in t he pas t 

17 
y e ars . In addition, a mini mum total of 9 BBs 

type diamond drill ho l es were dug. Some of the 

drill hole sites are shown in fig . 61. The 

maximum dep th attained is in DDH7 ( 225 me tres ) . 

Here BBs type 2 dril ling was emp l o yed us ing bit 

size NX t o 44 metre s , BX to 1 62 me tre s and then 

AX to bottom. 

There is no r egular spacing practiced 

during samp l ing oper ations. The spacing could 

vary d epending o n t hree f actors . 

(i ) intenSity o f weathering 

(i i) " of mineralization 

(iii) variation in litho l ogy 

The grea t e r the intenSity o f weathering , 

widp ~ the spacing and greate r the intensity of 

minerali za tion, c l os e r the spaci ng . For the 

same lithology, the s pacing is wi der and when-

e v e r qui ck variatio n occur , the spacing bec ome s 

closer. This being so , il diamond drill ho l e 
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n umbered 3 , 4 , 5 and 6 o n e metr e inte rval on the 

aver age , be t ween two s ucce ssive sample takings 

is observed . In ho l e number 7 , however , slud g e 

sampl es were coll e cte d at 5 me tre s intervals o 

The sampl~ng system is not consiste nt , and 

doesn ' t seem l og i ca l a nd sci entifi c . This the r e ­

f ore pr esents Some pr oblem in t he fin a l conclusion . 

3 . 3 .4 . 3 . Anal ys i s and Data Pr e sentati on 

TIle samp l e s are analyzed by atomic absorption 

spec tro - pho t ome try for Cu , Zn , Pb , Co & Ji . In 

the a n a l ysis the Same pr ocedure is us ed her e as 

t hat used f or surface s o i l o The data are th e n 

statistical ly trea ted to see if the r e is co­

r e lation between t he e l e ments analyzed . The 

r e sults are pr e sented in scatter d i agram (see 

figures 62 - 64 ). Good corelations are ob taine d 

for Cu-Zn and Cu- Co . 

The Cu- Zn - Pb per centages for two drill ho l es 

( DDH4 & DDH6 ) ar e calculated to s ee which type of 

mineraliza ti o n is dominant in the areao The 

r esul ts are p r e sent ed in t e rnary diagr am (fig
o 

33 )0 It can be s een f r om the diagram tha t t h e 

area is enr iched in Cu- Zn and deficie nt in Pb 

minerali zati ons. Fr om the di agrams as well as 

from chemica l analys is data copper by far 

Ii 
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e x ceeds zinc in assay v a l ues. The hi ghe s t 

copper assay va l ue s a gai nst number of occurrence 

for e ach d r ill hole is s hown in th e histograms 

in fig o 65- 69 . 

3 . 3 0 4. 4 . Depth Variation 

17 
According t o Ahme d a maximum of 27 , 000 PPm 

(2.7%) of copper was f ound in profi l e numbe r 3 at 

a d epth of 24 me tres. Regarding zinc values, 450 

PPm at 11 and 14 m depths was f ound from pr ofile 

4 . Ot he r wis e the v a l ues o f z inc are l ower a nd the 

anomalous zone narrowe r. Slight indica tions of 

lead and silver , and unimportant but r e lative ly 

higher v a lues of nicke l and cobalt are observed ~ 

Basing upon the r e s ults obtained from sha llow 

drill ing s , a number of BBs type diamond dri llings 

at 4 5
0 

inc l inati on with 60
0 

azimuth were carried 

out . The d epth variation for e ach d i amond dr i ll 

hole i s d iscuss e d below. The percent r e covery 

diffe rs fo r diffe r ent r ocks bu t generally var ies 

be t ween 85 - 95% on the ave rage . 

In this dril l hole a maximum de p th of 

45 m is r e ached. The 25 - 45 metr e depth can 

be treated as anomalous in Cu and 2n. About 

5 . 5% and 7 . 8% Cu values with abou t 95% r e -

co very are obtaine d fr o m depths of a bout 
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28 me tre and 35 m r e spe ctive ly fr om e rrru­

ginuous silicifi d r oc ks n d s e r icite- c hlorite ­

ta l c sc his ts . After 35 me r e m rk , howe ve r 

th e v a l ue f a lls down t o 2%/ 

(ii) DDH4 

In this ho l e , be twee n 1 30- 18 7 m. d e pth s 

anomal o us v l u s o f coppe r ar ob t ined. At 

a d epth o f 164 me tres , 2 . 3% Cu i s s een i n 

siliceous In- r b l e wi th 95% r e c o ve ry . Be l o w 

the 1 8 7 m m rk , ho wever , a v e ry sharp d e cre ase 

upto No. 003% ) in Cu va l u e s is obs e r v e d . The 

Zn value s o n the o the r hand , e xcep t ing the 

ve ry hi gh and very l ow va l ue s e ve ry now and 

then , are mor e o r l e ss constant and unifor m. 

Th e maxi mum v al ue is ob t a i n e d from cal car eo us 

s chis ts a t 1 20 m. d e pth with 90% r e cov e r y . 

Lo w zinc v alue s (1 10 PPm o n average ) a r e 

see n in a mphi bo lite s . The ove rall ca l cula t ed 

ave rage va l ue fo r coppe r i s 0 . 86% a n d Zn 

88 PPm . 

Ni value s d e cr e ase with dep t h , f r om 340 

PPm a t 63 m. dep th t o 28 PPm at 211 m. dep t h . 

Pb , Co & (As) ar e uniform throughout , with 

ave rage PPm of 22 , 40 & (30 ) r e spec t i ve lyo 
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(iii) DOH 
5 

The Copper value is low (No . 15%) on t h 

average . However, high sharp ano mali e s up t u 

1.1 8% are found at dep ths between 140-1 45 m. 

in und ifferenti ated gr eenschists and amp hibo l -

ites wi th 90- 1 0% recove ry. Be low 1 45 m, the 

coppe r c onten t decreases with dep th . 

Fairly h igh va lue s of zinc ar e observed 

between 1 25 m and 156 m depth with values 

between 100 and 500 PPm in undiffer entia t ed 

greens chists (chlor ite schist and mphbole) 

with about 80% r ecovery o n t:~ "1ve rag e . Ther e 

is a general gradual increase i n Zn values 

upto 15 6 m. depth. Be l ow th is dep th , howe v e r, 

more or l ess constant value i s s een , 

The Ni con t ent shows n o significant 

vara t ion with dep th . 

(iv) DDH6 

There is a genera l incre ase i n copper 

va lue s upto a dep th o f 94 . 21 m. at whi c h depth 

more than 1% Cu is obtained in c h l oritic 

schist wi th 95% r e cove r y. Ther e af ter upto 

110 m. ma r k , t h e r e is a dec r e as e in value o 

At 110 mo de p t h a shar p ris e (0 . 63% ) is 

seen in undifferentiated schists and amphibol -

ites with 92% r ecov e ry. A decr e as e , howe ve r , 

is seen f urthe r down . 
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The zinc v a l ues are mor e or l e ss 

c onst a nt (100 - 200 PPm) upto a dep th of 110 m. 

wh e r e mor e tha n 300 PPm is obser v e d . Be low 

t his mark , in the same unit , the va l ue s 

oscil l a t e be tween 100 and 250 PPm . 

Ni slightly incr eases with de pth ( ave rage 

19 PPm) whereas Pb , Co and As ar uniform wi t h 

ave rag e PPm of 50 , 35 and 1 8 r es pective l y . 

Quantitative ch em i ca l ana l ysis of sludge 

samp l e s showed the co p pe r con t e n t to r a ng e 

from 74 t o 1100 PPm. The ma x imum va l ue is 

obtaine d f r om clastic s e ri ci t e ch l or i t e sch i s t 

at a dep t h o f 70 m. Thereaf t e r the r e i s a 

un i fo r m bu t lower va lue s a r e obs e rved . 
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CH)~PTEH IV 

MINERI\LIZ,lTIONS 

,', 
4 . 1 . Ore P trogr~ 

Two ty pe s o f studie s are made to study the type , texture 

and structur e o f o r e minerals : s tudi es mad e on crushe d sample s 

and s tudi e s o n polished sections . 

4.1.1 . Cr ushe d Sampl e s 

El e ve n r e pr e sentative r ock samples from e ach 

s tratigr ap hic unit i n t h e mapped are a a r e c r ushed to 

1 mm size , panned t o separate th e ore mi n e r a ls fro m 

the unwanted gangue mine r a ls and studied under bino-

cular mic~oscop t o de t ermine type of are mine r a l s o 

The r esults are given below: 

Samp l e No o Ore f1inera ls 

1 0/1390 Magnetit e ( 2% ) , chalcopyr ite , pyrite (1%) 

13 73 Magnetite ( 3%) , cha l copyrite (1%) 

1383 Magne tite + heame tite ( 5%) 

13 92 Pyrite , chalcopyri t e ( 2% ) 

1393 Magne tite (30%), pyri te , cha lcopyrite (1%) 

1391 IVJagn e ti t e 

1394 Magne t ite (40%) , pyrite (2% ) 

1388 Mag ne tite ( 3 5%) 

1396 Magne tite ( 2% ) , pyrite , cha l copyri t e ( 3% ) 

1398 Magn e tite (40%) , pyrite , (7%) limonite 

(coating ) 

1395 Pyrit e (40%) , c h a l copyrit e (10% ) 
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The mod a l uve rag per centage c a lcu lation s h ows 

t ha t 60% o f t h e or e mine r al s is magnetite and r emainin g 

40% sulphid e s . 

4.1 . 2 . Po l is h e d Secti on s 

To s t udy th e type o f or e mine r a l s , the i r t e xtur e 

and struc t ur e r e fl ec t e d l i ght or e micro s copy has be n 

carr i ed o u t . The f o ll o wing mine ra l s h ve been i de n t i­

f i e d : su l phi d e s : pyri t e , s p ha l e r i t e , pyrrho t ite , 

ch a l c o pyr i t e , cuban i t e , bornite ; s u l phos a lts : bourn­

o nite ; and oxi d e s : c upri t e , h a e matite a nd ma gn e t i t e , 

The diffe r e n t pro per ti e s , s tructur e and t e xtur e , t h 

as soci a ti o n o f e a c h o f t he mi n e r a l s are d is cuss e d be l ow. 

Pyri t e 

"J. PJl is hing Prope r ties 

Pyrite (Fe S2 ) i s a b und a n t l y f ou nd i n the r ocks 

of t h e are a . Pyrite is d iffi c ul t t o po l i sh and ve r y 

oft e n i t y i e l d s une v e n s urf a c e s on ly. Howe ve r a ft e r 

car e f u l and pro l onged polishing using abr as vie s a nd 

di f f e r e nt s o ft c lothe s , e x c e l l en t po l i shed s urface 

is a t t ai n e d . 

Re fl e c tio n Behavi or 

Re fl e c ti v i ty i s ve ry high a n d its col our is ve r y 

ligh t ye llo w. Ani s o t ropi c e f f e cts are n o t s e e n und e r 

c r o ssed nicol s . 

De f or mati on s 

De f or mati o ns caus ed by t e c t on i c stre s s a r e s een 

pr od uCing ca t ac l a s m in pyr ite . I t is in p l a c e s , hi gh l y 
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c rus hed und e r going the same me t amor ph i c his t or y as 

the e ncl os ing r ocks. I t a l so shows micro f o lding s 

in p laces. Apar t fr om this, t here is als o anoth er 

generati o n o f r c rystal l ized pyrit e in which no 

d e fo r mation is observed wh e r e r e cryst a llization is 

n o t comp l e t e th e pr evious d e form e d pyrite r e mains at 

the rims. 

Structure s 

The first ge n era tion o f pyrite (the high l y de fo r m­

ed and unre crystallize d o ne ) shows b a nding a nd fo llows 

the foliation a nd "'be dding plane s. Some time s micro­

f o l d ing s are observed . The r e crystalliz e d pyrite i s 

some ti mes f o und fi ll ing geodes , silicates occupying 

th e r im and pyrite the centre the r e by showing pyrit e 

i s the las t to crystallize . This pyrite is e pige n e tic 

(re mobi l ized ) t hat is , r e arranged during la t e me ta­

morphi c stages . At other time pyrit e i s f ound iso­

l ate d e xhi bi ting no s tructure . Veinle ts of pyri t e 

cu tting t he rock ' s structures are also o bs erve d . 

Textur e 

The shape of the r e crystalli z ed pyri te is 

genera lly idi omorphic. Since this pyr ite i s no t 

affec t e d by me t a mo rphism it may have attai n e d its 

crys t a l f or m during or i mmedia t e ly af t e r the last 

me tamor phic event. 
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Th e grain s i ze o f this pyrite vary from 0
0

1 mm 

to 0.25 cm . Po r phyrob lasts o f pyrite ar ~ also obs erv­

e d . ~h e metacrysts some time s no tic e d ha ve been f or med 

at the e xpe ns e s of t he host minera ls a s me tasomatic 

r eplac e ment . The de f orme d pyri t e , on the other hand , 

s e ems t o h a ve n o crystallic f o rms and Simply stretches 

as thin fil ms , but car eful obs e rvati on shows ve ry small 

we l l shaped (e uhedral) r e c rysta lli z e d pyrite . 

Rep l ace me nt a nd Association 

Cha l copyrite , c ubanite and pyrrh o tite , and a l so 

sphalerit e are seen a s s ociate d to r e crystallize d 

pyr i t e . Me t acrysts o f pyrit e fr e que ntly observed 

may be f o rmed due to metas omatic rep lacemen t o f the 

mi ne r a l in which it is h osted (commonly silicates) . 

Parti cular r e l a ti on s occ ur when carbonate is pres e nt 

in chalcopyrite . I n such a c ase , most of t he r e ­

cryst a llized pyrite r e l a t e d t o cubanit e i n chalco­

pyrit e and h e nc e a genetic r e lationship exists . In 

thi s cas e pyrite , pr obably , mus t be conside r ed as last 

pr oduct o f the unmi xing process wh e r e cubanite has 

been separated fr om cha l copyr ite . 

Conclusio n 

Th e r e a r e two gene rations o f pyrit e , the first 

and o lde st o n e occur as high l y d e for med pyrite which 

f ollows the bedding plane a n d as r e c r ysta llized , dis ­

s emina t ed individual s . These a r e conside r e d t o be 
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syngenetic with the rocks . The other ty pes are 

geode fillin g and ve in ty pes which c r o ss - cut 

foliation p lane . Hence t he se t wo are epi g e ne t ic •• 

The fr equent associat i on of especia lly chalco­

pyr i t e with r ecrystallized pyri t e suggest that the y 

a r e f or me d d uring last c rys t a llization ph e nome na . 

· Purthe rmore , the r ecrystallize d p yrite formed a t 

the e xpe ns e of the laye r ed and deformed one mus t be 

conside red a s a n epi gene tic e vo lution of i t . 

Ch alcupyri t e 

Po lishing Pro~ti e~ 

Ch a l copyr ite (Cu Fe S
2

) is easi ly po l ished and may 

ye ld exc e ll e nt po lished surfaces thou h th e l ow hard ­

ne ss l eads ve r y o ft e n t o une ven po lishing , whe n 

associated t o hard mi ne ra l s like pyrite , p yrrho t i t e etc . 

Reflective Behavior 

Chalcopyrite is ligh t ye llow i n colo ur and has a 

high lustre . It shows a weak aniso t ropy under crossed 

nicols o 

~ ~formation 

No defor mati on is observe d i n chal copyrite . 

S tructur es 

Ch a l copyrite is found mainly scatte r ed thro ughou t 

the specime ns . Some times , h owe v e r , i t is f ound al on g 

bedding p l a nes and crosscut t ing fo l iation plane s as 

veinlets. I n some po lished sections chalcopyr i t e is 
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s een filling geodes with quar t z and prismatic 

silicat es. In fractur e s of sphalerite (1) , chalco-

pyr ite is seen entering ther eby showing th a t it i s a 

late come r . 

Textur e - _. 
The grain size is h i gh l y var i a b l e . Sometimes 

quite l arg, (0. 25 - 0 0 3 cm) , may a l so be very tinyo 

The shape i s a l s o variab l e ou t mai nl y all o t r iomor phi c . 

For its association s ee under pyrite o I n mos t 

studied secti o ns chalcopyrite is s een r ep l aced by 

bor ni t e . Exsolution of chalc pyrite is s een wi th 

both sphal e r ite and magnetite . Ofte n cha l copyri t e 

shows evidence o f format i on at t e mpe r a t ur e s gr ea t e r 

than 25 0
0

C , by the pr0sen c e of e xso l u t ion l amell ae o f 

cubanite o 

Conclusion 

Just l ike pyr i t e , chalcopyri t e shows two gener a t -

ions. The s yngene t i c diss e mina t ed t ype a nd the e gi -

g e ne tic g e ode and vein t ype . I n t he par agenesis 

th e ac t ual setting of t h e secon d cha l copyri t e i s 

r e s tricted to late crystal l ization p henomen a o 

.Sphaleri t e 

Po lis hing Properti e s 

~phalerite (Zns ) is po l iShed nice ly tho ugh s ome -

t ime s i t is easily scr atched . 
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Refl e ction Behavi o r --
Sph al e r it e has l ow r e fl e ctivi t y and i t s c o l our 

is gr a y ~ It i s compl e te l y dar k und e r cros s ed nico ls 

un l e ss i nte rnal r e fl e ctions intcr f e re o 

Defor mation 

No defor mati o n is s een in spha l e rite bu t cracks 

a r e pr e s e nt occasional l y . 

St r uctur e s 

Spha l e rite is s een , jus t like t he other pre-

, \' 

v i ously d escribed ore minera ls , fo l lowing beddi ng 

planes and also scatte r ed t hroughou t t he spe c i men . 

It is a l so s een al ong with cha l copyrite fi ll ing 

space s b e t ween p laty sil i ca t e s. 

Textu r e 

The g r ain s i ze and shape a r e v ar iabl e . The si ze 

some time s r e a c hes up t o 0 . 5 cm . The shape i s a l l o trio-

mor phic in the mai n . 

Re pl ace me n t a nd Ass o c iatio n 

For its associa tion s e e u nd e r pyr i t e oft e n s pha l e r-

ite carries e xso l utions of c ha l copyrit e and r a r e ly 

pyrr ho ti t e o 

~usion 

Ther e are two gen e r ations of spha l e r i t e . It i s 

the early sphalerite - s p h a l e r i t e ( 1 ) - that make s 

e xso l u t i o n with cha l copyri t e a n d pyrrho t i t e . The 

l a t e or sphaler ite (2) is n o t s een mak i ng 
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exsolutions and it is observe d in drops wi thin 

chal c opyrite (2) . The sphalerite (1 ) s eems t o be 

the most abundant as compar ed t o sphalerite (2 ) ~ 

Pyrr hoti t e 

Pol i s ry ing Proper tie s 

Pyrrhotite (Fe s) po lishe d usually excellently 

with prol o n ged po lishing bu t in the s ec tions studied 

it has been v ery difficult to get good resu lts
a 

Ref l e c t i on Behavior 

The co l our varies from light creamy ye l l ow t o 

br own pi nk and the r e fl ectivity is fair l y high ani ­

sotropy is stron g a 

De f o r mation 

Same as in sphal erite and cha l copyr i t e . 

St ruc t ure 

Same as i n sph a l e rite ~ 

Textur e 

Pyr rhotite i s gene r a ll y idiomor phic with grai n 

size r e aching up t o 0
0

3 cm ~ 

Rep l aceme n t and Ass o c i ati o n 

Fo r i ts associa t ion see unde r pyr ite . Pyr rho tite 

makes e xs u l ution with spha l e r ite ( 1 ) 0 

Conclus i on 

Pyrr hotit e is a r e c r ystal l izatio n pr oduct a nd 

occurs as d iss em i na t e d t h r oughou t t he s peci men . I n 

some specimen it is found abundantly . I n i t s 

paragenetic position it is befor e spha l e r ite ( l ) e 
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Bornit e 

Po l ishing ProEertie s 

Generally b ornit e (Cu Fe S ) is e asy to po l ish and 
5 4 

good results have bee n obtained . 

Ref l ection Beh avio r 

In r e fl e ction it has l ow r e f l ec tivity wi t h pink-

ish br o wn co l our. It has a ve ry weak a nd variabl e 

aniso tropy . 

Replac e ment and Association 

Borni t e is usually assoc i a t ed with cupri t e and 

chalcopyrite . I n Some s e c tions i t is s e e n r e p l acing 

chalcopyrite by v e ins and rims . 

Concl usi on 

Bornit e is much more r e stri c t e d in occurre nce o 

It is r e l a t ed to c e men t a tion ph en o me n a in epige ne tic 

types . It is very close ly as s ocia t ed wi th cupri te o 

Cu prite 

Po l is h i ng gener a lly s e e ms good but difficult f or 

the har dness of t he minerals o 

Re f l ec ti o n Be havior 

Its colour is generally white gr e y wi th strong 

blue tint . Und e r crossed nicol s it is di sti nct ly 

anistropic with r ed i nternal refl ec t ions o 
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Texture 

Cu pri te f or ms well deve loped hair-thin nee d l e s 

pr obably in Some cas e s derived from rep l acement of 

ma l achite. The we ll developed form th e r e f or e shows 

t hat the mi n e r a l g r ows fr eely with no in t e rfe r e nce . 

Sk~ l e ton-like forms of c upri te or e is a ls o observed~ 

Cu prite is r e stricted t o borni t e a r eas so pr ovi ng 

a gen e tic r e l ation. 

Conc l usion - -
In its par age ne ti c posi tio n c uprit e s h a r e s the 

same history a s bornite . 

Bournoni t e 

; i 

Bournonite (cUPbSbS
3

) i s e as il y po lished wi t h 

e xce ll e n t surface. 

Reflection Behavior 

Its co l our is gray whi t e a nd it s r e fl e ctivity 

medium hi gh. The anis o t ropy under c r o ss e d nico l s 

is dis t incL 

Tex t ure 

Th e grains are id i omor phic i n shape . The grai ns 

are seen r es ting within si li c a te mas s. 

Re placement and j\s s oci a ti o n 

Becaus e of its restric t ed a n d is o l a t ed occurre -

nce nothing can be s aid . 
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Concl usion 

Bour noni te is an occasi o na l mi ne rals which 

pr obably has been fo r m_d as r ecrystalliza tion of a 

s yngen e tic preexisting copper association. 

Cubanite 

Cubanite (CuFe 2S3 ) takes a good po lish wi t hout 

diffi c ultY n 

Reflection Behavior 

Cubanite is br onze co l o ur e d with r athe r high 

whi t e contento Its r e f l ecti vi ty is moderate l y hi gh 

being b e twe e n chalcopyrite and pyrrhotite o It has a 

distinct anisotropy under cross ed nico l s
o 

Tex tur e 

Cubanite is general l y f ound as la me ll ae within 

chalcopyrite . The process of formation can be s tate d 

in t he f o llowing way . At high t e mpe r a t ur e s muc h Fe S 

i s So lub le in CuFeS2 producing h i gh temperatur e chalco­

pyrrh o titeo Upon cooling this b r eaks u p f or ming 

chalcopyri t e and cubanite o 

Conclusion 

Sinc e t he unmixing separ a t ion o f c ubanite fr om 

o 45 chalcopyrite occur s a t 250- 300 C , the e xis t e nce of 

cubanite shows those th at o r i g i nal ly t he t e mperature 

o f f ormat i on of the o r e must have been o ver abou t 
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4 .10 3 . Summary and Conclus i on 

Th e po lished secti ons studie s show that ther e 

are two type s of sU·l phid e minerali zati on . Syng e ne tic 

and Epi gene tic type s o In the synge ne tic type , strata ­

bound and dis seminated sul phid e mine raliza ti ons a r e 

a r e f ound o In t he epi genetic type , veins and geode 

fillings are observe d. 

Th e syngen e ti c stratabound t y pe is pr e me tamor phi c 

as t her e are seen eviden c e s of metamorp hism especia ll y 

in pyri t e . Stratabo und chalcopyrite and sphaler ite 

are howe ver , r e crys tallize d . 

The epi ge n e tic t ype of mineraliz a ti on is f or med 

as a r e sul t of r e mobi l ization of the a lread y exi sting 

minerals . 

I n t he r e mobi l iza t ion proce ss , the many in t rusive s 

in the ~ area migh t h ave supplied t h e neces sar y h e at o A 

possibility of late r introducti on of mine rals fr om the 

intrusive bodi e s could not be ove rrul e d . This e pi gen e t­

ic type of minerali z ati on is essen t ia lly post me tamor phi c o 

The association of t he or e mine ra l s sugges t t he 

t e mperature of formatio n of t he mi n e ra l s to be ov e r 

2 50
o

C. 

Fr om t he mi ner a l ogical a rrangements and f abrics 

t he f o l l owing minera l par age n e s is is concluded and is 

pr e sented be l ow accordin g to order of f ormati on . 
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An assoc i ati on be t ween py r i te (PY) r Cha l c o pyri te (CPY) , Spha l e rite 
(SPH) a nd pyrrho tite (Pr) . Pyrrhotite occurs a t the boundary 
be tween Spha l e r ite a nd Cha l c o pyrite . Pa r a ll e l Ni cols. Magnifi ca t i on 
600 X 
Fig . 70. 

Strongly de f o rme d pyrite s eam (synge ne tic) . Pa r a lle l Ni co l s 
Mag nifica tion 600 X 
Fi g & 710 
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Ano the r e xampl e of synge ne ti c d e f orme d pyrite . Parallel Nico l s. 
Magnificati o n 600 X 
Fi g ~ 72 . 

Sph a l e r i t e (1) (SPH) wi th Pyrrhotite (PR) e xs o luti o n r e gularly 
a rra nge d a nd Cha lcopyrite (CPY) in ve inle t in s ilica t e s. 
Para lle l Ni cols. Magnifica t i o n 600 X 
Fi g . 73 . 
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Comp l e t e ly recryst~ll i ze d s ynge ne t i c pyrite . Re lic t of s ynge ne tic 
py r ite i s see n a t the bo r de rso Pa r a ll e l Ni c o l s o Ma gni f i c a tion 
600 X 
Fi g 0 74 . 

Synge ne tic pyrite , ( PY) r e crysta l li z e d pyrite ( PY) , Cha l copyri t e 
(cPY) a nd Ha e matite (H ) . Pa r a lle l Nicols. Magnificat i on 600 X 
Fi g . 75 . 
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Ch a l c o p yrite (CPY ) , Pyrrho t i t e (PR) 
ga n gue mine r a l s o Pa r a ll 1 Nic~ ls . 
Fi g o 76 . 

a n d Sph a l ri t e 
Ma g n i f i ca tion 

( SPH ) , in 
600 X 

Bournoni t e ( BR) grai ns ( a ni s o tropi c) wi th s i li cate ma ss
o 

Crossed Ni co l s o Mag nif i c a ti on 600 X 
Fi g o 77 . 
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Sph a l erite (1) Ch a l copyri te f illing spaces between p l a ty s ilica t es
o Pa r a ll e l Ni co l s~ Magnifi cation 600 X 

Fi g ~ 78 0 

We ll shaped r e crystal li z e d pyrite crysta ls o Parall e l Ni c o l s
o Magnification 600 X 

Fig o 79 .. 

I 
I ~ 
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Bi g pyrite me t acryst with some Cha l copyrite (CPY) a nd r e li c ts of 
s ilicate gr ound ma ss, Paralle l Ni cols, Magnificati un 600 X 
Fig o 82 0 

Spha l eri te (SPH
l

) and Cha l copyri te 
a r ea o Paralle l Nicols o Mag nifica ti on 
Fi g o 83 0 
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SPH I 

- - \ . ~ 
Re c rys t al l ize d pyrite in Syng e ne ti c pyrite and Sphale rite . 
Pa r a ll e l Ni c o ls. Magnifi ca ti o n 600 X 
Fi g . 8 0 . 

Cpy 

, 
Pa rage ne ti c s e que nce . 
3 . Calco- pyrite (Cpy) 
Ma gnificati o n 600 X 
Fi g . 81. 

Py 

• 
1 . Pyr ite (py); 2 . Magnetite (MGT) ; 
in silica t e ground mass. Para lle l Ni cols. 



Borni te (Bo) r e p l aceme nt a l ong fracture s in Chalcopyrite (cPY) 
and gangue mine ra ls. Para lle l Ni co l s. Magnificati on 600 X 
Fi g . 84 . 

Cuprite (Cu) in s ing l e J ~e·j l es a nd g r oups , in Bornite (Bo) , 
r e p l acing Cha l copyrite l cPYl a nd gangue minera l s (black). 
Para lle l Ni co ls o Magni f~cati on 600 X 
Fig. 850 

~ 

I 
I 
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MGT \ , . ,~ ..-

" ., '. Magene tite (MGT ) wi th crysta l-shape a nd Chalcopyrite e xs o l uti ons . 
Parallel Nicols. Magnification 60C X 

.: ~ ... I 

Fi g o 86 . 

Chalcopyrite with Cubanite l a me llae i~ si l i cates . Paralle l Ni co l s 
Magnificati on 600 X 
Fig 0 8 70 
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4 .1. 3 . 1. Mine ralizing Events 

Synge netic Epigenetic (Remobili zation ) 

Pyri t e (s ome r ecrysta llized) Pyrrhotite + ( Bournonite ) 

Chalcopyrite (recrysta llized) Sphaleri t e (I) 

~phalerite (recryst a lli zed ) Cha lcopyrite + Cubanit 

Haematite (part l y oxi dized Sphalerit e (2) 

pr oduc t) Burni t e 

Cuprite 

Haemati te 

4 02 . Depth Rela~ 

El e ment content variati o n with de pth is s een in fig & 

88- 89 for drill h o le no . 4 & 6 . In drill hol e 4 t her e is an 

u pward increas e i n Zn conte nt and a downward incre as e in coppe r 

conte nt are observed . In ho l e no . 6 a ge ne r a l increas e in 

coppe r wi th depth is clearly s een. Se v eral ratios , ZnxPbxAg , 
ZnxPbx Ag , 

CuxCu 

CuxCoxNi 
and Zn/Cu are calcul ated t o determine the 

relationship and corr e l at i on among the e l e me nts . The best 

r e sult i s seen b y Zn/Cu ratio for ho l e no o 4. Up t o 74 metre 

dep th t he ratio Zn/Cu r emains ,~ lo Be l ow 74 mo, howeve r, the 

ratio beco mes 10 The r eason f o r this c ould be in the 

differi ng mobilitie s o f the t wo elements o r in a different 

abund ance of the m in the rock units crossed by the bor e holes 

since z inc is highly mobile it is f ound far fr om the main 

mi neraliz ed z one o But copper is r e l ative ly immobile and is 

f ound associate d with the ore . 
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4 . 3 .. S tratigrap h i c <l~ho lo gic) Relatio n 

The coppe r - zinc a ss ay da t a sug ge st t ha t genera l ly 

mine raliz a ti o n is no t r ela t ed o n l y to s peci f ic units t hough 

gr eens c hists and s iliceous mar b l e s a r e u suall y high l y mine r a liz -

e d e s pec i a lly ,,,he r e associ a t ed wi t h i n tru sive bodies 0 Low 

contro l b y litho l ogy i s sugges t e d b y s t a tistica l tre a t me nt o f 

the d a ta ob t a ine d fr om 34 g r eens chist a n d 24 phy l lite outcrops 

fr o m a r o und the drill h o l e s . 

Hock Sampl e No . (n) ;'.c u Scu Xzn Szn 

Phy 11i t e 24 65 71 74 67 

Gr eens chis t 34 52 55 87 55 

To s ee if th e r e is a n y r e lati onship be t ween A a nd S in 

the two r o ck s f o r Cux Znu Fishe r t e s t & t t e st ar e us e d . Tv 

find the pulle d variance t he f o llowing f o r mu l a is used . The 

pull ed variance is ca l cula t ed f or both Cu & Zno 

2 
s p ( -, ) 2 

I I., - 1 s + 
2 

( i.
2 

- 1)S2 

- 2 

where n 1 

It 2 

sampl e size o f phyl lite 

" " " g r ee ns c hist 

s & s = s tan d dev . of bo th r ocks 1 2 

t he n t d istributio n t est is emp l oyed us i ng t he f o llowi ng 

f o rmula 
t (i - i ) - (N - N

2
) 

1 2 1 
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wh e r e Xl mean of phy11i t e 

X2 " " greenschi st 

Nl & N2 pcpulating size of 

phyllite & 

Since Nl is assume d to be equal to N2 the expr e ssion 

Nl N2 becomes z e r o . 

For using the f ormula 

t 0 . 78 cu 

t 0 . 8097 z n 

The confid ence inte rval for t test with 5% l e vel of 

significance and k == n 1 + n. 2 - 2 56 degr ee of fr e e dom , 

take n from stude nt t c riteri on table is 1.96 and henc e t & 
cu 

t are in the acc ep t e d range (the hypothe sis that n o variatio n zn 

be t ween th e two r ocks are accep t ed ) . 

Further e vide nce is al s o furnished by Fis he r F == S2 

c rit e ron . 

F 
cu 

S2 
cu 

S2 

S2 

ph 71 2 
1. 666 

cu sch 55
2 

F 
zn zn ph 6l 1. 484 

2 
S zn sch 

The c onfid enc e inte rval f or F 

significance and k ==fI - 1 == 23 d .L 

2 
s - 2 
s 2 

f o r 

S2 
2 

wi th 5% l e vel of 

phyllite & 33 d of . 

for schist t aken from Fisher criteron table is 1. 87 since 

both F & F are be l ow 1 . 8 7 , the h ypothesis th a t the t wo cu zn 

r ocks do not diffe r in mineralization are accepted . 
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Simil a r calculati on for other r ocks show also tha t at 

l e ast a s e cond a ry dispe rsion o f ore forming e l e ments i s 

super-imposed on the primary d ispe rsion pa tt e rn , givi ng ris e 

to a sch e me in which mineral izati o n does n' t s eem t o be r e -

s tri c t ed t o a s ing l e r ock unit. 

404 0 Late ral Re l a ti o n (Var i atio n) 

Late r al chang e s in mine r a lizatio n f r om the core samp l e s 

have been studied by means of c omparison of data and sta t i st-

ica l tre atment o n the basis o f Fis h e r F a nd student t t e s ts. 

The t ests a r e conduc t e d o n corre l able gr eenschis ts in DOH , 
4 

DDHS ' DDH6 and DDH7" The analytical data and the t es ts sh ow 

tha t the r e i s a de crease in minerali zation from ho l e number 

DDH4 t o DDH6 ~ DDHS ' h o we ve r, s h ows a high e r mine ralizatio n 

than DDH6 but lower than DDH4 DDH 7 is the l e ast o f all in 

mine r a lization. Simil ar. s tatistica l trea tment of the o the r 

roc ks show the same r es ult. 

The r eason fo r th i s cha nge in mine r a lization is propos e d 

to be based o n the p~ esence of intrusive bodies o Whe r e intru-

s ive bod i e s a re abund ant mine ralization is high and vice 'v.e~ B ~ o 

4 0 S o Modal Abundance Relation - . - ... - ..... - - - .- ----

To s ee if any one particular type of r ock f or ming mine ral 

or as s ocia ti on of mine ra ls is r ela t ed t o sulphide mine r aliz -

ation moda l analysis is done o n core sample s from ho l e number 

DDH4 ° This modal a n a l y s is has a l so a no the r i mpor tance i n 
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showing depth variati on o f mine rals" ':'he d ta 

is tabulate d in Table 8 and plo tted in fig. 90 . 

The zone s in which the copper assay va lue is 0 .1% is 

supe rimposed on the modal abundance graph (figo 91). This 

illustrate s th a t the abundanc e of calcite in the main might 

be r e late d t o high coppe r assay value . Th pr esenc e of 

car bonate (calcite ) might have f acilitate d th e pr ecipitation 

of coppe r mine rals from acid s o lutions generate d from oxid ­

ation o f coppe r and iron sulphides so giving a n e xplanation 

from among the possible remobilization processes . He nce 

the gene tic relati onship of carbonates with or e minerals . 

On the othe r hand n o t a ll rocks which co ntain carbonate 

are known t o be mine ralized . This is see n in some cas e s wh e r e 

the two (coppe r ore and calcite) do not go t ogether. Qu artz 

c arbonate v e ins and c a rbonate v e ins are abundant and are 

highly mi n e ralized. 

4 . 6 . Tec t o no - me t amore hic Re latio n 

Con c e ntrati o ns o f magne tite in pods and bands of up to 

50 cms acr oss , and dissiminated pyrite were considered to 

foll ow the deformation n Recrystal l ization and r e mobilization 

conce ntrated minerali z ation at depth in Katta 2 , al o ng the 

hi ghly d e forme d inte rface between tl~ plutons and the meta ­

s e diments me tavolcani c s o The interface is characte rized b y 

the d e velopment o f g ne isses . Such a gne iss in the mapped 

area shows the high est Cu & Zn as says. Regiona l me tamorph ism 

a ls o conce ntrated mine ralizatio n along fol i a tion p lAnes . 
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The h o ma lous zo c fo.d c- J.i .. . g :"h ~ foliatio plane n 

beddi ng plan discussed n r "surface soil g ochemis try" is 

also pr oof of rol play d r ional m t morphism in co nc en r t -

ing mine ralization 0 

4 . 70 Re l ation_to I n trusives 

Dissemi n tions of copp r occu in some d 'orite in trusiv s 

d bl t h · 11 an u quar z porp yrl es 0 The hypog ~ n m eraliza o n 

in diori t e s consists of chalcopyrite , py i e n m gnc ite 

mostly diss e minat d as minut gr ins . The t z on 

th other h nd i n trud d granodiorites and m sed ' m nts and 

i n p l ces conta in stains of minor diss e minate d chalcopyrite , 

bornite a n d ma l achit e (11)0 Further north at Deg ro (s 

figo 92) thes e blue quartz porphyri s r e highly minera li ed 

(p rsonal communication , Belay)o 

Ore Ge n e sis 

Syngenetic stratiform mine ralizatio n occurs 

mainly in a cong lomeratic grey co l oured subunit 

within a s e ricite chlo~ite schist uni t . Submarine 

vo lcanism is responsibl e for th e formation of this 

stratiform mine r a l ization as it is prov e d by the 

pr e s ence of metavolcanic rocks coupled with the 

e xiste nce of cong l omer ates , agg l omerates and such 

sedime ntary features as cro ss - bedding . Th e rocks in 

whi ch mine ralizatio n is found was deposited i n is -

l and arc environments in which much of the volcanism 
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was submarine . The :' submarine. nature of the volc ic 

activity r es ponsible for the form tion of similar typ ' 

of mine a lization i k now n in different parts of th 

world . 

The synge n ic stratiform nature of th mine ral -

izati on i s , as d escribe d earlier is direct ly conclud e d 

from are microscopic studies . Apart from this , th e r 

are o th e r points which suggest th e sam conclusion. 

The syngenetic stratiform nature of th deposit is 

furthe r strengthened by th e following e vid e nce s . 

(1) The pr esence of about 40 cms thick barite 

d epos i t and of bedded iron s t ones associat -

ed with quartzites. 

(2) The weight percent Pb- Zn ratios were shown 

in fig. 93 n The r atios are characteristics 

o f stanton ' s (1972)46 strati f or m sulphide 

o r e s o f marine and marine- volcanic a ssocia t -

i on . For comparison , stanton ' s data from 

a numbe r o f large stratiform a r e depos its 

form Europe , North Kme ri ca , Afri ca , 

Austra l ia , and the Midd l e East are indicated 

o n the diagram. 
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Fig . 93. Weight pe r cent Pb - Zn ratios f or Katt or os 

(b l ack circl e ) compar d with Pb- Zn r tios 

fo r Jtantun ' s ( 1972) sulphide ores o f mari ne -

vol a nic associati o no 

Diagr ams of the Cu- Pb - Zn ratios from the diamond 

drill ho l e s examined s h ow that the d e posits fallon 

or n e ar the Cu- Zn j oin , be l ow a line drawn approxima t e ly 

from th e Cu - corne r t o 28% Pb o n the Zn - Pb j oino The 

data a ls o show a t e ndenc y f o r th deposits t o be 

separate d into coppe r - rich and Zn rich type s o This 

agai n is ide ntical to ~ ta ton ' s d iscussion of strati -

f o rm sul phid e or e s of a marine - vo l cani c ass ociation 

o n a wor l d - wide basis o This is a ls o conf irme d by 

sk e ll e ft e sulphid e deposits in Swe d e n by Gri p 
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(3) The calc - ulkaline submarin volca nism 

e nviro nmen t s e e n in most of the rocks is an 

add e d sugge s ti o n to the formation o f favour -

bl e conditions for s ratiform u - Zn- Pb 

mine ralizati ons . 

4 08 .. 2 .. Epige ne tic Ve i n -:~s emina ted De posits 

This is the m in type o f min raliz ion nd 

the associate d f e atur e s with this y pe o f mi ne ral -

ization in Katt a are discus s d he r e . 

(1) Country Rock 

The p r e mine raliz a ti o n r cks in Katta nre 

the ser ici t e chlori t e phyll ite , gree n 

schists and gr e i ss ose gr een schists in t e r -

ca l ate d with smaller and wid e r marbl e zo ne s 

33 
Cl mm t o 2 m) • The s e phyllite s and schists 

are interpr e t e d a s fine to coa r s e grained 

me t av01caniclastics of qu a rtz diorite 

composi tion a 

( 2) Intrusi0ns 

j . ,'.' The quartz - diori te stock intrude d i n th e 

previous r ock s e rie s and f avoure d t he 

f ormation o f minera lizati o n i n i mmediate ly 

adjac e nt g r eenschists and mar b l e s . The 
.. ,' 

larges t amount of mi nera lization can be 
.•... 

seen in those zone s with inte ns e de f or m-

ation , somet ime s fullowe d b y r ec r ystalli z -

ation. Fro m the . - petrography , the f ine 
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to medium- grain >d plaglocase porphyrite s 

h a ve diori ic composition whil e the blue 

quartz porphyries have a more quartz 

dioriti c composition . 

Ve ins 

Cal c ite fr om the bnnde d s dimentary marb l e 

zon s h as heen par ly remobiliz d by th 

intrusion o f the quartz - diorite rocks . This 

i~ concluded from thin irregul r car bonate 

ve inlets i n th e gre en schists . In t hese 

ve in l e ts conce ntrations of cha l copyrite and 

pyrite or e minera l s are fou nd, whe n th e 

gr e nschists occur in th direct neigh bor ~ 

hood of th e intrusion. 

(4 ) Alte ratLm 

a . The amph ibols o f the vo lcanics and 

vo lcanoclastics have bee n alte r ed in 

. . c e rtain zones t o g r een biotite . 

b . Followed by ch l orite a l t e ration zone . 

c . Th e p lagIoclase o f the por phyri es have 

b een strong l y s e ricitized at t he rim of 

t he intr usion . 

d . An ep i do t e zone occur s in associati on 

with the carbo nati zed zone in and at the 

rim o f the met a vo l canic - gr e e nsch ists t o 

me tavo lcanoclasts. The abov e points are 
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mentioned he r e becaus of the ir r e ­

lations t o the min e ralizati on. The y 

a r e given he r e as co loll aries to the 

und erstandin g of th e ty e of 

mine ra li zation . 

The Ka tt a deposit has the f Ollowing characte r _ 

istics : 

1. Occurre nce of quar tz - diorite _gr nodioritic 

intrusive s - porphyrie s , characteris tic of 

island arc type , associate d with minerali z ­

ati o n in country rock. 

2 . Pr esence o f metavo l canoclas ti c country r ock 

with carbonate s . 

3 . Pr esence of a lt e r a ti o n zone s in which s ericitic 

a lte r a tion zone is well mar ked in the a r e a . 

4 . Ve rtica l as we ll as lateral (horizontal) 

vari a tion (zoning) in th e e l e ments . 

5 . The pres e nce of nume rous ve ins associated 

wit h t he i ntr us i o ns. 

6 . The l ow a nd wide ly distri buted copper gr ad e . 

7 . Its struc tura l r ela ti o nshi p t o the p l ate 

t e cto nics . 

Whe r e t he intrus i v e are incontact wi t h inte n s e ly 

defor med gr eenschist and/or marb l e we find the largest 

amoun t of mi n e r alizatio n . (See fi g . 94) . The s e dime nt -

a r y carbo nate zone , as a r e sult of hea t su pplied by 
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the in rusives , av b~ n r mobi1iz nd ace 

v ~inl ts of thickn'ss 
nging rom 1 mm '0 1 m. 

The presenc a Iles \ C rbona '8 f h 

ion of co p r min r Is f am ci 50 1 10n , 

from oxid t ion of copp r cJ on .u1phidc 

Furthc w 8 , h main min liz 1n 

schis and in sedim nary m b ' 8 in co c wi h 

h se d ik .s . 

Co p l ed wi h h bove vi cnc 8 a h e a1 ' -

a ion p oduc s. The 1 e ra ion w s by h 

hyd ro thcrm 1 fluids which c x chang c n compound 

with th cou try r ocks , l ik dd' ion a S 02 to form 

silica ; addi ion 0 CO t o f orm c rbona 

o f Ca a form c pidot ·s; addi ion of F 

5 . , ddition 

o form bio it 

addi ti on o f Na; K t o form serici nd remo val of 

certain compound in turn . 

Char ctcristic ve rtical a nd later 1 v r a ion 

(zoni ng) , described und e r "rock geoch mis ry d 

dri lling ", pa r tly caused by the differ ence in he 

mobilities of the e l e ments are est blished . The 

zoning is evidence of the par icipati on of hydro -

the r ma l activity in th deposit i on o f he minera l s . 

G~ophysical sur veys c rried out on the a r ea by 

survai r limi ed , Ot wa , C nada and in c rprc ed by 

Geo t rre x Limit e d show hug e intrusive bodie s as 

presen cd in fi . 2 . Th's may pain a the ossibl -

ity of a broader e xtent o f this ype of mineralizatio n 
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4 . 9 0 Other Coppe r Mine r a lizati on i n Ethiopia 

Mine r a liza tion i n the studied r eg i on ~s one of th many 

cnppe r mine ra l izati o n s which are k no wn i n Ethiopi a . The y 

a r e : 

( 1 ) The copper occur ence con t r olled by b l u quar t z 

por phyry i n adjacen t a r ea and f urth r nor th - west 

about 25 kms at Dege r o . It wa s r e por t ed by de Wit 

11 
et a l ( 1 9 78 ) • that t he b l ue - quartz porphyr y has 

in trud e d t he gr a nodiori t e a nd me tas ediment s o Dis -

s e mina t ed cha l copyri t e , born i t e n d ma l achi t e s ain -

ing ha ve been obser v0d in th e r ock s . It was also 

r eporte d by t he s ame peop l e t ha thi s zone of b lue -

quartz porphyr y coincides with a large geochemica l 

coppe r a n oma l y i n dr i ll hol e s (up t o 1 300 ppm )& 

Fl o at of t he blue - qu artz por phyry found i n th e 

hi ll a bove the granod i orite e a st of Katt a 3 ha ve 

geochemi c al va l ues o f up t o 550 ppmo 

11 I t was fe l t by de Wit e t a l ( 1978 ) t ha t 

Copper mi ner a l izati o n a nd the b l ue - quartz por phyry 

are ma gma ti call y r e l a t ed . The y ma y exte nd t o dept h 

wh er e mo r e co ncentr ated mine ral i zation may occur i n 

ceme nta ti o n zone ~ 

(2) In As sosa r egion abou t 200 kms west of the mapped 

a r ea e x p l o r ati o n work i s now under way . 



I 

I· 

( 3 ) 

- 1 28 -

In Gojjam , 
geoc heMical anomaly has been r eported . 

The anomaly , ho we ve r, wo uld no nor m lly be consid e r-

e d pronounce d but th > local copp L v~ }ue s are high r 

48 t han the ad j cen t areas 

(4) Near th o bord e r of Tigre nd Be hem der , a a plac -

cal l ed Shiraro , coppe r min ralizati on is r eported . 

This miner alization is thought 0 be ssoci ed 

'th k d ,48 Wl S arn epos lts 0 

(5) In Eritrea , at a place ca ll d Ts e hafi Amb dis -

s e minated type chalcopyrite , pyrite a nd magne tite 

miner alizatio n is contro lled and conc ntrated by 

a dyke l ike co r s e feldspar porphyry in rusi on . 

Adjacent t o the por ph yry th rock g r ades to meta -

volcanics such as gr eenschists . Miner a l ization is 

a l so concentrat ed in the metavo l canics and t he 

calcite- c hlorite veins f orme d as a r esul t of t he 

r e mobilizatio n process . Furthe r to the South in th e 

same r egi o n , a r e xound basic vo l canics and mineral -

ized massive me tavolcancis with considerable f eld -

s pa r alte r a tion. The mi ne r a li za tion is mainly dis -

seminate d type . Howe ve r it was a l so r eported th a t 

miner a l iza ti on often f ollows structure s a nd fi lls 

cracks o r occurs as vein l e t s . The mineralization 

is considered t o b e ass o c i ate d with potash f e l dspa r 

It , 4 8 
a e ratlon a 

I 

J 
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.. :' . .,.; "J. ) : • t 

(6) I n Debrawa , i n Critr a , the rocks be l ong to highly 
• "J 

-:~ ::~ ~ : . ,-"' ;.. ' )' l . i.~ '] • : fo ld e d weakly m~t morphos ed sedime ntar y and meta -

volcanics of Tsaliet group . These forma ions ar 

intr uded b y l ate and post ctonic r nit ~ s and 

o t h ' r basic intrusions. Locally round Deb a wa 

mine the ser i e s main ly c o mpos e d o f ch lorite - uart z 

e r ici te - quartz schist and g r eenrocks 

d e rive d from a ndesitic - rhyolit"c ro ks n vo cano-

genic s ed iments , is intrude d by qu rtz porphyry 

a nd 1 rg c a sic dykes . 

Min e ral occurrenc e i s of two type s : 

(1 ) Massive bedded synge net i c deposi , a nd 

( 2 ) Hydr o th e rmal probably r e mobiliz ed vein 

deposit o 

Debarwa gossan outcrops is manife s t ed by brown -

ish b lack hRema tite o f bo tryoida l habit _ fr eque ntly 

limonitized and si liceous in parts . 

Avai l ab l e informa tions say only that ~inera l ized 

zone inte r mitte nt l y con tinue s for about 2 kms with 

a maximum width of 20 me ters; a nd cons i sts of supe r -

g e ne secondary s u lph i de e nr ichment a nd pr imary zo ne o 

The ore body ex t nds for abou t 200 m with width o f 

51 m and about 100 m in dep th. Ch a l cocite , bor nite , 

a l copyri t e sphal e rite a nd pyrit e a nd gangue minerals 
! .: 

like quartz , bari t e , chlorit e a nd s e ricite are found . 
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Examinati o n of the structural and geological 

as well s mincralo ical sett"ngs of 11 he 

mineraliz tions liste d abov~ slow th t they all fall 

in the calc- lk lin · zone , discuss d under g en er 1 

geo l ogy , which is r ep e s nted by Tsali t group in 

the nor th and Girbir group in th south. Henc 

these copp r mineralizations may h v ~ common or i gin. 



- 131 -

CHI\PTJ::R V 

CONCLUSION 

From h e dat th us obtaine d he most importan mine r liza i o n 

as regar ds q a lity a nd quant i y in Ka tta is the r mobiliz .d ep' ­

ge netic type sulphid e mine r l · zation. n is post me amorphic mi n r 1-

izing pr ocess has re~ork>d a nd r emobi l iz e d th' high b~ckground con ­

tent o f copper distri buted throu~lout the r ocks . The primary hi g h 

c o ppe r conte nt in th various s dimentary series is r ecor ed by 

the r lics o f syngenetic str a tabound or s r e lated to sequ nC GS 

charac t e riz e d b y th e p r e s nce of rnetavolcani cs of s marine origin . 

This means that much of this mineralization (despit la e r m t a ­

morphic r e mobili z ation) was origi nal ly syn§enetic . The metamorphic 

(both r eg i ona l a nd co nt act ) and structure r e lated r emobi li z tion is 

sugges t e d b y : 

( 1) The pr e s e nc e of conce ntration of ma g ne tit in pods nd 

bands upto 50 cms acr oss , d i s s e minate d an d r e crystallized 

pyrite in the r ock s within t he g neisses. 

(2) The r ecrystallized and ex t e nsive ly mineralized mar ble in 

c ontrast t o simi l a r bu t barre n marbl e away f r om the 

contact wi t h i ntrusive so On a sma ll sca l e through out 

the a r ea , s uc h s truc turally induced minerali ~a tion of 

the metall ic mine rals and also car bonate and quartz is 

commo n , manife ste d by smal l (mm t o cm ) f r ac ture , 

surfaces a nd veins fill ed with the se materia ls . 

The co ntro ls o f the e mplacement of t he mi nera l i zations a r e : 

(&) The (hydro) (therma l ) activity of the in rusives o It is 
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