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ABSTFACT 

The r ocks of the stulied are a for m nart of th e ~o llepa Birbir 

proup of the uppe r c08p lex and consist of a series of me t ased i me n-

tary and plutonic proterozoic rocks. The winieralo~ical assembl a ge 

indicate tha t t he metamorphism is of the r r eenshist facies. 

The va riation diagram cons tructed for the va rious plut onic 

re e ks stronp l y supvest coma pmatic oripin by crysta l f rac ti onati on . 

Major and trace element ana lyse s of re ore sentative sampl es of 

the Chago iron for ma tion ? t he plutonic ann. YOllnp:er e f f us i ve rocks 

are presented . The Chago iron f orma tion can be c las s i f i ed a s 

nre cambrian banded iron for mat ion and is in J11any r espects siJrii l ar 

to the oxide fa cies iron format i on of Lake Superi or t ype. The 

Cha go iron fo r mation consis t s on l y of Iron oxides and mi nor amoun t 

of sil i ca with total absence of iron silica t e, s ulfide and carbonat e 

minerals. 

Tra ce e lement pe ochemis try sUPRests that t he iron f ormati on 

was chemic a lly prec i pitated as ox ida t e s e diments in which the 

princi pal i ro n minera l, ma gne tite 1 was formed at low te mpera ture 

in a s ~lallow nea r shore environment . 
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INTRO DUCT 10 

1.1 Purpose of Invest igation 

Although a considerab l ~ work has been carried ou' by differ ­

ent worke rs only a litt le a t tempt was made in e valuat i n the 

ori gin of the iron format i on an' in classify inp it in one of the 

types known as Precambri an iron formations. 

The pu r pos e of this study is to provi de new data on th 

ge ology and origin of the iron formation bas ed on s urface pe o­

lo gi cal mappin p on a scale of 1: 50,000 of an area about 23 1 s~ . 

km. 9 trench manpinp, labo ratory studies on oetrograryh:c and 

mi crographic anal ysis and ge oche~ical analysis of trench and 

surface s awn l e s for maj or and t race e l ements . 

1. 2 Loc ation and Acces sthility 

Gul l is o- Cha go is locat ed in Wes t e r n Ethi ooi a abou~ 65 km. 

-west of Gh imbi, in Wolle ga Actministrative Repion and is bound by 

l atitudes gOOO' and 9°12 1 Nand lonpitude s 35°2 4' and 35° 30 [. 

The town of Gulliso is about 505 km. from Addis Ababa and 

is accessib l e by an all weather road which pass es through the 

middle of the studied area via Aira to Dcmbidol o . 

As the a re a is highly di ssected by rivers and stre a~s with 

dense vege ta tion cover a lon R t heir rout e , accesst i lit is 

re s tri ct ed al onp t he main Gh imb i- De wbi do10 road and othe r feeder 

roads which l e a d t o t he va rious mi ne r a l nros rects of t he re pi on 

like Chago, Woreka1u} an d to various mis si ona r y stations that are 
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Fig. 1 General view of the studied area. 
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r r ~ s ent i ith in the studied area. Oth e r than 1e ~a n roa s wh'ch 

are accessib l e by fo ur-wheel dri ve , there exists m8 v f oot t r ai 

which enable one to move fro~ one Dla e to the other . 

1.:5 g~rarhical Sett inl{ 

1. 3. 1 Regional 

Ethiopia 1 s divide in to f i ve maj or lJhys io graph ic uni t.. which 

refl ect 9 t o a prea t ext nt t he geo lori ca l his tory and the s tructure 

of t he r e gi on (Fi r . 2) . 

I. The l t hj opian Rift System which rlivid s t he territory 

into tw o maj T plate us and their assoc'ated lowlan ds. 

2 . The North - Wester p lateau and associated l owlands, which 

rep r esent more t~an hal f of t he coun t r Y9 and whe r e the 

l owl ands a e situated towards t he Sudan order and al on ~ 

tbe coasta l retyions o f tHe Re Sea . 
• 

3 . 1be South-Fastern nlateau and associate lowlan ds, mos t 

of which is constituted by extensive flat plai ns start­

inp from t he Ogaden bas in t o the e as t and the l abi-Sh e -

bel l e and t he Genale p lains i n t he Wes t . 

4. The othe r uni t s are t te l ocalize s t eep areas of he 

rif t escarpment nd ~ 

5. The Afar depression whi ch has wi th i ts lim 'ts the low-

est point 12 5 jTI. below sea l eve l and is ve ry acti ve and 

tectonically di stur bec with a b s a l t i c lava l ake . 
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1.3 . 2 Loca l 

The proj e ct site described is f ound in Woll e ga Admini tra ­

tive r eg i on (Western fthio i a ) t owards th lowlands 0 th North 

Weste r n plateau. It has an averare height r anRin f ro m 1450 to 

1660 m. above s ea level. 

The surface topography is i n general undula t ed with e n 

cut vall eys and ravines together with some romin ent r idfe . 

trending north-south. 

1.3 . 2.1 Climate and Ve get a tion 

The climate is generally w t during the rainy s s on that 

l asts fr om June to Se t ember with an avera ge annual rain fa ll 

ran ging f r om 1 500 to 1800 mm. wi th mean annual t emperatur of 

20. zOe. Bu t durin g th e dry s as on th e ar ea is gOT or a lly 

hot w'th a hi gh degree of t empe rature. 

The pl a in areas are co ve r ed by savanna grasses an thorn 

bus he s 9 wh il e the thick and impene trable tro ~ ical rai n for es ts 

a r e localized along the valleys, ravines, and bi g r i ver systems, 

and t he i r trib utaries . Most of t he ra i n f orests within t he area 

are cl eared by the local peopl a for agricultural pur oses ; and 

this deforestation has brought a vivid cliamatological imbalance 

which has a ne ga tive effect on the ecolo gy of the area. 

1. 3.Z .2 Dr a ina ge 

The gr eater pa rt of t he valleys and r avines existin~ in the 

stud i ed area a r e wa t e r bearing. The area be lon gs hydror ra hically 

4 
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Fig. 4 Dense vegetation covers along rivey systems . 
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to the Birbir drainage sys t m. With numer ous mean e rs t he r1ve r 

Birbi r? s urrounde d with t hick and d ns e jun gl e , flo s on the 

eas te r n bo rde r of th e p r cs .ecte d area and di s ch arg d i nto river 

Bar o? whi ch i s th e tribut ar y of Nil e . 

As clearly s een in Fi g. 3 th e dr a in ge pattern of the a rea 

is we l l dc ve lope0. wi t hin the metas edimentary llni t s accordinp. to 

a dendri tic- an~ular system. The plut onic rocks wh ich cover th e 

nor th-wes t e rn and south- easte r n part of th studi e d ar a are 

more or l ess poorly dr a ined ? s how ing th s tron p.- co .trol of the 

i tho l ogy over the developmen t of th e dra inage system. 

1. 4 Methods of Approa ch 

Geological manpi n g was carri ed out by t he author 0 a scale 

of l:SO?OOO coverin g an area of about 231 sq . km. Petro granhic 

s tudie s we r e made on s ampl es co- l ected from the surfac outcrops 

and tren chs to de t e rmine vari at ions in maneralo gical comnosition, 

t ex tur e? and st r ucture of th e r ocks. Ore microscopy was carried 

out on r ep r es ent ative pol ished se ctions t o de t e rmine type, texture, 

and st ructure of the ore mineral s . De termina tion of silicate 

f ormi ng oxides and trace element s was conducte d usin g Atomic 

abs orp ti on and Emmis s ion spe c t r ophotomet e r on mo re than. 78 rock 

and or e sampl es, and th e re s ult s obta ine d a r e sta t i stically and 
, 

graphi cally treated . Couple d with t he fi e l d an d e tro graphic 

dat a th e subs equent discus si ons we r e drawn. 
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There was no r egular spac ng practiced aur in g sam linp 

ope r ati ons. The s pac in~ coul d vary en n i n r on thre f ac t ors: 

i) in tens i t y of wea uerinr 

ii ) i ntens i t y of mi neralizat i on 

iii) variati on in lithology . 

The grea t er the int ensity of we ath erin p th . wi r wil l be 

th e spacing ; and greate the intensi t y of mi eralization , c loser 

i s the s pacinp. For th e s ame J. i tho lop:y t h spa in r is wider an d 

whenever quick variation occurs 9 the r cing be co es cl oser. 

1.5 Previ ous Work 

Indi cati ons of mineralize zone, s e cia l ly gold, i n WOl l e ga 

were fi rs t di scovered in 188 s durin g which r. Comb ul prosp ect ed 

the r egion and forme d "the Socie t a Anonym d s Mines d I or du 

WOllega Ii (J e l en c , 1966) . 

Anci en t us a ge of th e iron aTe cropninp out a- Chago and 

Woreka l u ~ by t he l oca l "eor le spec i l ly prior to the Italian 

occup a tion is evid ent fr om th e ta l e of th e peonl e livinr a round 

the a r ea, and t hey ca ll it "Gorcana " which me ns i r on are in 

their l anguage. Besides their tal e , traces of forme r mining 

act i viti es are cl early s een with in t he nrosnected a r e a . 

After some sil ent years of e xnlorati on, i n the mid- s i xti s 

and early s eventies wo r k r esumed by t he United Nati ons and 
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It hiop"an Institut of G (; 0e."cal ,surveys (rIGS) ad Cu-Z n-Fb 

eeochemi ca l anor: lali es were dis covered . 

Rudis Yugoslavi a (1 964 ) in apreem nt wi th t he thi opian 

Government, Ministry of ~i les a d Fn rpy carri e out ge o l o ~ ic a l 

and geo l ysical exp lorati ons . Pun ting Geolo f'Y and Geo hysjcs 

Ltd , (196 9 ) made a phot ogeo opi ca l su r vey 0 : the Woll ga a r a . 

~ochewasov (1 9 70) has made a f ollow-up pe och mical nro ramme 

at the mi ddle BiTb i r basin9 Wol epa, unde r t he s perv"sion of th e 

Unit ed Na t i ons-Fthiopi a ~ine rRl Survey , and n extract has b en 

rna e fro m t he mai n r epo rt w i h i n c1 i c a t es t h , "eocherni ca l 5 urveys 

over the iron deposits aToun d Charo, Wer eka lu, etc . 

Th~n Bel ay Desta, et . 1. (1 980 ) made a short revi ew on th e 

ge o_ogy and iron OTe occuren a t ClarO . 

Recen tly a j oint pTo j ect l abelle d as "Ethio -Kore an Pro ject' 

has staTte d its explorati on pro gr amme on i ron deposit s and thei r 

associ ate s around the western ~ r t of ~ll efa . 
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G IDLOCY 

2 . 1 . 1 Previo us Wo r k 

Th.e Et hiopian b D::,ement n a s be en st ud i d f o r t he 1, t 1 5 years , 

mostly by the ge ol opic :l l survey of It\ iopia (fIG ,:); Unite d Na tions 

Hin(:: ral Survey, an d ot he r ifferent wo r kers . D' 'J tr" t infant s t apc 

i n syst~ mQ t ic reo lo gi cn l ~ x , lor ation, recen t kn owl 8 fC of the 

Prec an:brian in Ith i oDi,a i not wel l deve] on d . 10we ve "J t h most 

comn,on and plaus i ble v i ew i J,:J.ude s t h e rre c aP1b ri ~. of h h' op i a 11 

the PanAfr ican l-'io zarnb iq ue bel t wh ich is t he s tructurl zone, 

s t rech ing f rom Mo zamb iq 'e to Sue an , 19ypt , an d probab l y even to 

Saud i - Arabia (Fi r . 5). At rl iffsTcn t t i me Tn ny wo rb;rs h, ve a t t em te d 

to describe an d gi ve exol r,n:ltio"i1 of t his be l t . Po l Tl'e s (1 95 1 ) 

described th e Mo zamb i ~ ue belt as a l ate Precambrian ge os yncli e so 

:l eeply e roded t ha t i ts i nner hi gh l y metamorrhos e d p rts a r e expose d 

on t he s urface . Th e same view was exp r esse d by Cahen and Spe l li g 

(1966)9 b u t l a t e r i n 1 970 ; Cli~fo rd, c ons i de r e d and e X. l ai ne . i t 

as a 'vesti ,~Je o syn c linal or mobile b e l t bu i lt un of r en1cb ili z ,d 

ancien t ma t e ri a l ' . 

i mTlor tan t con t r i bu t ions to t '1 8 baseme n t .e o 10 y cf S i "~ ar.1O 

speci fical l y t h e Ga ri boro arE''' in sOll t he r n lth i ot; i a were made by 

Gil boy (1970 ) an d Chatte r ( l J ~ l ) aId t o t a t of Ke ffa , Gamo Gofa, 

a nd I l l uba bor by the I t h ioDi an- Cana ~ ian OJ 0 Fi ve r [rojec t (19 7 3 

19 76). An imp or t ant c o~pil a'io n of al l tl c avai abl e da t a wa s 

made by ~oh r (197 1 ) . Bu t l a t e r on , haz }i n ' 
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1976, 19 78 ) wor ' S ~rovid ed e be t t e r nder~tandinr of th e r ti-

praphy nd r os ibl c m nn ~ r o{ Sifol ut"on of th e ~ 1 0 ian basemen 

Senbeto and d ~ Wit (1980 I av tri to f i II<.! avai l abl e d ta 

illto t he s h me of l a t t ctonics " 

R cen ly the Ft iop i~n-Canqdian c ew un r the 'G OT -Gambe l a 

Pro j "ct I , :lave started an import "n t p. 0 0 ical nv sti at ion \,," thin 

th e n ubab or Adm inis t rat ive r pion , .. hich co I d brin~ a be tcr 

undcrstandi nr 0 th e Prccamb a~ of I t hio ia . 

So a r t hree mal n CompleXES have been r oc o niz d in t he 

It icpian Basemen t (Kazm"n " 971, 1 75; h 97 8 ) as 

the Lower , Middl e, and Un or Corrp l c.o s . 

The Lower Corn l ex compr"s es various h i ph 0r de gnei s ses and 

mipmatit es rep r esentinp the 01 d 0 T (ol d r th~n 250 my ) cra t onic 

Basement. Bi otite and a phi ol e pne"s ees precomi ate wi t h sub -

ordinate qu a rtzo~e lds athic gnel s ses, cal c - s ili c e roc s and 

amphibo l ites . The Low er Complex i s a di r e nor thw r d c ont inu~-

ti on of t he Bas ement syste . . of I<e nya , t he Base ment of t he north-

eastern Uganda and t ha t of south-2as tern S dan . 

Th e Midd e Co mn l ex ha s C P~ "dent ifi ed in S"dawo ovi nc 

(Th Wadora prOUD) and in p~ re r i a [rovince (The Boye Se ri es ), 

and pos 5 ib] Y OCCllTS in wes t e r n lth io;.l i :1 . In C: i dallo ~H, d Harrerpie, 

i t is represented by )sam~it'c an~ pe litic wetas e imen s ~ioti t e 

and Qllartzo - ~uscovit e s chists, me t a - a rlos es , quart zites ) wi t h 

subcrdL a t e ma rbles, cal c - si l i r:a te roel, s anti a hibol e sch is s . 

I Vestc n Ithio~ ia , t hes e Tacks aT8 i ntercal a ed with amnh i bole 
s chists and am hibol it s . 



., , 

: gure· G: 
i , 

- 14 -

BASEMEN; OF ETHIOPIA 
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The Urne r Complex consists of low r r ade r ocks in fol lowing 

succes sion : 'oph iolitic ' ro cks 9 andes itic metavo lcanics and 

associat8c metasediments 9 cl ast ic and_ to I e _ extent carbon a t e 

s ed iments. 

2.1.1.1 !3trati graphyand Tectoni cs 

Th · thiou ian Bas ement stra t i pr anhy and its possible manne r 

of evoluti on was di scuss ed by Ka zmin , e t.a l. (1978). Tab l es 1 

and 2 r epresents t he nrob able strat igraphy of t he Bas eme nt of 

Ithiopi ~ and their corre l ati on within t he country as we ll a t o 

thos e of ras t Afric a and Arabi. Base d on the availabl e da t a, 

de Wit and Senbe to (1 980 ) have Rtt eIDnted to clas si f y t he 

lthiop ian basemen t into five maj or t ec tono-st at i gr aphic zones 

Th ese zones as Ti l ahun (1 98 0) extracted from th e works of 

deWi t and ~enbeto a r e: 

Zone 1. Ca lc-alkaline Volcanic f1utonic Belt 

This be l t can be t raced for abou t 19200 kIT. , and renresente d 

In the north (Fri trea and Ti grai ) by the Tsa li e t proup . The be lt 

compY- is es a vol cano-- s edi mentary 5 ucces 5 ion of J·.etavolcani cs of 

andcsi tic and daci ti c co~)osition 9 vari ous volc a _o-clast i c rocks , 

tuf f s , rhyol itic apglomerates 9 phy l li t es, schists ~ quartz ites 

and a r kos es with int ercal ation~ of cherts, marbies and pr anit e 

i ntrusi ons . Strongly deformed bodies of early diorite and 

grancdiori t e s ?:l ve an ape of UDt o 700 mv . with K/ Ar method and 

even 800 my . 
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Table 1.0. P reeambrTan Units' in E thl fopja 

I 
. Northern Ethiopia I I-hrar and Aisha' . o· ~omp1ex Abs. Age 

, 0 - Western Ethiopia S:>uthern Ethiopia Age m.y. 
~~----------~------~~-------+--------r---

E coambrian MatheosFm ' 

\------1-- ~OO - ,ShiraroFm , 

U 
or-! 
o 
N 

B 
<l.l 

+oJ 

B 
p.; 

tti 
.g: 

:1 

DadikanaFm ' 

~ ": :AIIDt,L Fm .:, ,~:_ 
<l.l 

or-! 1-<' ' Mai: ~IietaI Fm 
.,~ .l!) , 

E-< " Areq~ Fm ' 

r-brnrira Group and " 
I- 1(0) : Nt'irniti BedsB1rb1rGroup " , TsalietGroup , 

, Greenstones and " 

I-< 
<l.l g 

I ' I 1600 AdolaGroup Amphibo1ites 

Lower-Middl e 

b roterozoic 
I 2500' I Burji Gneiss I I U - -- 1 --1 ~ 

g-
o 

Yavello geneiss 

~ I Awata gJ>eiss 1 ___ _ 

~I Alghe gnEiss I 

Gneisses lUl­

differentiated 

? 

lOnso gneiss 

I 

_. Granulities of 
the Pel es Bas in 

' .. ' ' ~ • ' , ' , ' 0 

Gneisses lUl-

differentiated 

Mica schists 

Gneisses un- ' 

differentiated ,I-< 
<l.l 

.3 
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Table ~ . Correlation of Some P r ecambrian ' Unit s i n Bas t Africa and Arab i a 

Age Abs. Age Saudia-Arabia Egypt . Sudan .. E t~ippia . . Somalia : Ie1ya Tanzania 
- __ ,t 

500 . i 

hfracambri an Fatima, Abla funmamat Awat Series Slira!to Fm. 
or Formations Seri es Maiheos Fm. E ocamberian .. . . . · i.' . .. 

Murrdama Upper Tambien . hda-Ad Schist-irud P art 
+-l Formation . Group . .' .. Series 

Stone-grey- Nafirdeib 1 I-< 
C1l Series i ' 

0.. , 
wake Series I saliet I-< . I' .... 

<l.l Halaban 
Dokhan Series Lower Group 1 u & Part I I 

.~ 

Formation Birbir 0 
N - Group"" 0 

~ . .. . . . . . . . . . . 
1000 

. . . . . 

+-l I 

~ 
Shadli Series · . Green-rock S::>me green p.. Beish; Lit Ukinga , I-< Adola rock comp-§: Complexes Barramia Group Series in 

+-l lexes i n ' funse, I-< :::> C1l Rocks The Basement Western . 
Ndembera 0.. ' ~ya (?) , . 

I-< System ' <l.l . Embh _.ruid Series S ~ . Ablun Series <l.l 
+-l in centr al Ul .. " 

£ andE astern " ._ ..• ,.-

l({)() <l.l 
. ( ~ . I i ~nya 

Middl e? ~ i 
.~ 

Wadera Lower P ro- ? ? +-l Turoka Limestone ' . -, '!::i 
t erozoic .l:J Group ~:" ? Series ' - Graphite 2 SlY). ~ · .. J 

',:J Series , 
l' 

Orthogneisses 
p.. 

Archaean Ancient Burji) . Gneisses of of " Basement' Awata) . t he Base- Basement I Usagaran I Gneiss I Mitiq Series 

I 
-- Alghe}:' Gne2ss !rent sys t em Syst~m_ . System 

I - . : Itmso) 
f 
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Zone 2 

Th is be l t runs t hroueh soutl> - west Eth io .. ia f or sorre 500 km . 

f rom th8 J<enya h orde r to t:b -, Bl ue Nil e and r os s i b l y further north . 

It consists of rretapabbaro-serpentiniz e~ ultra~Rfic Complex, un-

conformably ove rlain by ~ sequence o f probab l e de e wate r ~et { ­

sediments and ultramafi~ me ta- volcano-clastics and metas ilicic 

vol canics 0 It repr esents t he l ower part of t .le Bi rbi r prou , . 

Zone 3 

Th is belt is observed nort _ east of Lake Rudolf end consti-

tutes roc ~s comnri sinr a s.1'i8s of mafic gneis s es and granulites, 

layered biotite and hor b lende gn e isses, nuartzo f e l dspath i c 

gneisses and mi gmat ites and par~pneiss c s . It r _ presents Kons 0 

gneisses of the Lower Com . lexo 

Zone 4: I astern Hetarnoruhic Ee lt 

This belt consist s of hi gh prade pncisses an~ mi pfuBt i t e s and 

ophio l itic rocks. 

Zone 5 : South Western C~tac lostic Belt 

Thi s belt is a mega sh~ ar a l o ~ the Sudanes e borde r and can 

be traced into a wide Nort h-West strikinp i ntracontinental rift 

in tIe Sudan which is fil led witl, upto 15 kms . t h ick phane rozoic 

sedimen ts 0 

The tectonostrati p,raph ic zone s descr i bed above as f i tted i nto 

the scheme of plate t ec tonics ( - az~in , e t .al. 1980, deWit and 

Senbeto , 1930) are: 
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Zone 1 becaus e it is huilt on and into pre - existing conti nent ­

al crust represents a pal c o-calca l ka l ine ar c ' due to its ch a r ac ­

t e r sti c rock ass oci ati on; Zone 2 is designed t o be a remnant 

inte r - arc or b ack ar c bas in ; Zone 3 i s a zon of hi gh ~r ade 

me t amorphic be l t whi ch coul d be the r esult of colli s ion and s ub ­

sequent sub duc tion of oc eanic crust be low vo lcanic a r cs - thus 

rep re s ents an arc t r ench gap ~ Zone 4 which contains the Adola and 

Kenticha ophiolit e be lt s rep r esents int e r continenta l to intrac on­

ti nental r iftinp; f inally~Zone 5 rep r esent s continent- continent 

collision of African Craton with an undefined easte rn continent. 

2 . 2 Local 

2.2 .1 Int roducti on 

Th e rock of the s t udi ed are a for ms part of t e Uppe r Compl ex 

of the Wollega Bi rb i r froup cons i s t i n g a s e ri es of pe l i tic and 

subarkosic Proterozoic rocks of low rnet amDrphi c gr ade . The Birbir 

group fo r ms par t of t he Nedjo- Metti be lt and is corre lated wi th 

the Tsaliet gr oun of Northe rn ~hiop i a , Mormora group and Ka jimiti 

beds of Southe rn Ethiopi a, Soka and Boje Se ries of Harr ar and 

Ai sha , the Ha l aban for mati on of South Arabia, t he Dok an Se ri es of 

19ypt ~ and lowe r part of t he Uppe r Prot e rozoic of Sudan ( Kazmin, 

1972). 

To t he west o f the mapped a r ea, the Prot e ro zo ic s ediments 

rest unc onformab ly on diori te s and to the eas t on weakly de formed 

gr an ite-quartzdiorite pl utons . Most of t he south western par t of 
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th e area is cove r ed by basalts, probaby of Tertia y age, which 

are weathe red and crumbl ed to a silicified li monitic laterite . 

Further to th e s outh eas t, the a r a is horde r ed by ultrabas i c 

rod~s, wh i ch are hydrothe r mally a l t e r ed . 

In the me t amorphic Prot ", ro zoic sediments a near l y north 

south oxtend in ~ iron b earin g hor i zon was outl ined (Rud i s, 1964) 

in whi c h la r ge iron outc rops in the Guji-Worabn a r ea wh ile 

detr ital magnetite -he mat ite floats can be reco gn ized at Wor eka l u . 

The exi stence of these iron ore was known already in t he pas t and 

was being exploited by open pit, whi ch is evident by the pres e nc e 

of mining prints of lar ge excava tions . 

The mi ne ralo r ica1 as scmblape of the metamor phic r ocks indi-

cates a low prade metamorph i sm of the gr een schis · f aci es . Fi e l d 

and mi croscopic s t udies r Aveal the oc currenc e . of at I e st tw o 

episodes of de formational proc esses which a r c evident by the 

existence of foliation s urfaces which in most case s are produced 

by the all ignment of micaceous mine r als and fa in t s epr epa t ion of 

maf i c and fe lsic mine r a ls . The se cond episode of de f orma tion is 

r ecognized by f ol d fabr i c both in mac ro and ~i c ro scale. 

2.2.2 St ratigraphy 

The rocks of t he pr o ject a re a a re cove r ed by thick l a t eritic 

soil s and expos ed rocks a r e ve ry limited and e ven when encount e r e 

they appear to provi de l ittle i nforma t i on . Moreove r , outcrops in 

these loca lities are scarce due to the pre s ence of t h ickly woo ded 
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vegetati on spe c ially alan? rivers and s tr eams wh ich hinde rs mass 

movClnent of loos e ma t e ri a l s t.:: ven on ve r y s teep s opes. 

LimIted natural outc r ops ~ e r e ob s erved al an ? ill to~s, In 

so rn~ ncc 8ss i b l e stream beds ) and at th o ,eaks of intrusive bodi es 

wh i ch s up por t ve r y scanty vegeta tion. 
t; • 

. ,! 

The ma ppln p was f acilitated by artificial expos res such as 

road sec tions and trenches. Based on fi e ld obs e r vat io an 

petrograph ic studi es an a t t ewpt was mad e t o esta lish a tentative 

vertical s quence of t h e a r -~. From ton to bottom the strati ra hy 

i s : 
8. Re si dual l imonitic l a t e rit e Te rt i a r y 

7. Olivi ne bas alt 
, " 

UNCONFOf\r ; ITY 

6 . Se rici t e-chlorite-muscovite schi st 

5 . (uar t z -s e r icite- chloritoi d schist 

4 . Quar t z - mus covi te"' se ri ci te s ch is t 
I 

I 
3 . Fe rruginous quar t zite Upper 

2 . Cu artz ife ro us-micC1..ce ous sc ist Prote r oz oic 

T NCONFOR1'~ TTY 

1. Pluton i c r odr.s 

-' I '" 

- ' , 
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2. 2,) Pl utoni c Rocks 

2.2 .3 ,1 Bi oti t e Granite 

This rock unit i s e xpos ed i n t he sout h as t e rn p a r t of t h . 

studi ~ d a r ea a lon g t he Bi rbir River. It i s l eucocratic t o nes o­

cratic in COIOU T , ro as sive to weak l y fo l iat ~d , coars e t o mediuw 

prai ne , and s t r on pl y we a t he r ed , The r ocks sometimes grade at 

th e me r gina l par t into bi ot i t e- orthopne iss (Rurl i s 9 1964 ). 

Pe trograph ic st udy of t es e ro cks i nd ica t ed t he or sence of 

qua r tz 9 mic r ocline , orthoclas e, pl a pi ocl ase, mus ccvi te , s e ri ci t e , 

and ~ub orJ i nat e amoun t s of bi OTi t e , ch l orite, and p i dot e . 

The quart z grai ns arc very ext ens ive l y r ecryst allized f or . ­

i ne a mosai c of granob l as ti c te xtur e aId are to s ome extent 

ori en ted . Some of t he e quon t pr a i ns of qua rtz appear s ur r oundin p 

a relict crys ta l of f e ldsDars sl owin r mortar t extur e. 

The a l kal i felc': sna r is dom:n c!n t.ly consti t ut eo by mi c ro -

c1 i nc wi "Ci1 a s ub or dina t e occurcnc e of or thocl 8.s . The mi c ro -

cl i ne wi th it s t yp i cal pc lvsynthet i c tw inni nr f or mi ng t he gr i I ron 

structur e a pne a rs as mef!. acTY s ts and is l es s t r ans fo r f.l.ed as compared 

to the pla ri oc l ase f el ds pa r s . All t h e me pacrysts a r e f act~red 

and broken ( ~ orDhy roc l as ts. The r e exi st s a l s o rye rthi t e r esul t i n p 

f r om the in te r prowt h of microcl i ne an d a l bi t e. 

The p13?iocl as e f e l ds nar s st ow a l ow anr l e of ext i nc t i on wi th 

all i nd ex o f ref r ac t ion l es s t aH ba ls ar.: . It is i n t he alb i t eol i r o­

cl as e r ange iJ~ c ompos i ti on, They a re h i gh l y trans f or meo to rruscovi te 
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and sericite espec i a ll y a~ong the pr a in boundar i es formin ~ bel t s 

of scconds ry mine r als . In som~ of t he . l ag i ocl as e c - ys t I s the 

transforma t ion of the or i gin~l mi ne r a l to t he metamorphi c one s 

is oscil l a tory indi cating origina l zonni ng of th e c rysta ls. 

~j ost of the mefacrys t s are a l mos t trans forme~ into mi nut e me t a-

crysts of muscovit e and s ricite , an l a r e pre f e r en t ialy ori ent ed 

espec i al l y th ose which a r " f or med a lan? gr a i n b oun~a ry ; thi s 

contributes to the weak foliation of t he ro ck . 

The Lr i dotes a r e als o for me d by the t r ansform tion of t he 

la r i oc l asc by the saussur it ization pr oces s and t o a ve r y I i "ted 

exten t fro m bioti t e . Al l th e s econ da r y ~ i neral s which have been 

derive ~ fro m th plagioclas e felds pa r s have fi ll d the f r ac t ure d 

na r ts of the plagioclases . 

The biotites are r r es~nt in a subo r dinate amount constitut ­

in g about 2-3% of the roc k and are l e cs a ltered or t r ansforme d , 

keeping the ir origina l i gneous character. They a r e s light ly 

transformed a l ong the pr ain bounda ri es t o ch lori te wh ich i s 

partially ori en t ed . 

DU8 to the p r esence cf extens i ve r cc r ys t al l is ,d quart z 

gr ains. ~eak faU at ion and mine ral l ineati on, abundant occurenc e 

of relic t rn in e r~ls. secondary muscovit e ~ s e r i cite, c .. l or ita, and . . 

epidote t he rock can b e s a i~ to be a low pr~de weakly m t arnor-

phos ed p re t ectnnic rranit e. 
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2 . 2.3.2 Quartz Diorite 

A wi der be lt of massive to weakly fo iated , n socratic ~ 

medium t(; co ars e rrained quartz dio ri ·e OCCl rs i n the north eas t-

e rn pa r t of the s t udied area, which av~e ars as el on gate d body 

trepding north-s outh. 

Due t o the int ense t ropical weath e r i rg, it was imm .os:ible 

to delinea te the contact between the qua rt z diorite and t he 

gran itic bodies. It is highly f ractur ed and locally fau lted with 

a l ot of ve inl ets runninp' east - wes t cras si nR" th genera l t rend of 

the rock un i t. 

Pe trographic study disclos e d th e existence of f . l ds pars, 

quar tz, bio tite, amphiboles~ pyr oxenes , ep idote , zi r coTi
1 

apatit e, 

s ph ene. magnet i te with rims of hemat ite, muscovi te, se ricite and 

minor chlorite . 

The pI apioc l as e fe I ds ~ ' ars are andes ine in compcs i t i on and 

some of tn ern a r e zoned and are variabl y affected by metamorph ic 

t r ns f orrnation , where some of 'he mepac r ysts are transformed to 

s eri cite, ffiuscovite and ep i dote. Al kal i feldsp ar dominantly 

nert.titlc mic rocline, are few wh en cor:marec w it~ pl ap-ioc lase. 

Some of the fel~snar ~rains are surrounded by or iented en idote 

and other minute metacrvst~ of musc ovi te and s e ri ci te . 

The pyroxenes a re extensively transformed, especially a t - . 

th e rll11~ t o 3. new metamorp · ... ic mineral of pa le" preen aIEphibol e 

w i t~ r e l ict Fe a tu r es at t~~ core . The oripinal maRmatic amuhi-



Fig. 'i Biotite granite: alteration of plagioclose 
feldspars, biotite and recrystaTIized quartz. 

X-nicolS, magnification 3SX. 

Fig. 9 Quartz diorite . Recrysta]ized quartz, altered 
plagioclase rurd biotite. 

X-nico15~ magnificat ion 35X. 
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bo l es whi ch appear to be pal e -brown to deep p. r een a r e also trans­

forme d to a new pal e- gr een me t amornhic amphibole. 

The bi otite is l ess aff ected by the metamorph ic e ffect and 

ther e exi s t only very fe~ s econdary products and chlorite is the 

dominant on e . Bi otite shows a parall e l ori ent ation alonr a 

ar ti cula r direction except along shea r zones wh e r e disorientation 

of mi ne rals is exhibit ed. 

The equant granoblas t ic aggr egat es of quartz grains show 

undul os e extinction in a c loudy appe aranc e and are extensively 

r ecrystall iz ed with l enticular and subspherical s hape occupyin~ 

the i n t erstit i a l position surrounding some of th e fe l ~ spar grains 

forming mortar texture . 

There exist lot of s phene which could p robab ly be of met a ­

mo r phi c or i~in, zircon and apa tite as accessories ~ to ge t her with 

magnet ite and hematite which a r e r emnants of th e or i p: inal ma gmatic 

roc k . 

The dar k min e ral of the r ock is constitut ed by biotite , 

amph i bol es , Dy roxenes, oxi des, c.nd enido t e, where b ioti te is 

dominant ove r the others . They tot a lly make about 15 % of the rock. 

Texturally the rock is sub granular with relict megacrysts of 

fel ds pa rs and exhibits i diomorph ic to hypidiomorphic por phyrocl asts 

in a matrix of micro lites of muscovite , s e ricite and chlorite . 

The existence of we ak foliati on, recrystall i zed quartz , 

seconda ry ~ine rals of me tamoy r l ic ori r in (ch lorite p s ericite, epidote 
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and pa l e- gr een amphibo l e)~ and abundan t r elict crystals indicate 

a low gr ade re f ional me t amor~his m of a Dr e-exi s ti g pl utonic rock. 

2. 2.3 . 3 Me ta-wic ro Diori te 

Th e weste rn part of the studi ed a r ea is cover ed by dark- gr ey , 

mass ive to wea kly foliat ed , medium to fin e prained dioritic body . 

It shows no flow structur e ~ and a t some limited local ities there 

exi sts concentrated amphibol es which is quite bi g i n crystal size 

wi t hout any pre f erred orient ation . These amph ibole rich? me lano ­

cr atic small bodies within th e diorite could be xenoliths. 

The secti on study s howed two compositionally distinct types 

of dior i tic bodi es. 

2. 2. 3 ,3. 1 fyr oxene - hornb.l ende - b io ti t e-diori t e 

Th is rock unit is f i ne r i n prain si ze th an the bioti te-py ro x­

ene-hornbl end-diorit e . It i s ma inly constituted by pl agioclase, 

bio tite , amphiboles , oy r oxenes, alkalifelds par s and ep idote, 

se ri ci t e and chlorite of me t amorphic ori gin . 

The dusty pla gioclas e~ wh i ch is gr ea t e r in ab undance than the 

alkalifeldspars app ears as s tumpy, rectangular forms forminp: ortho­

phy ric textur es. They are s li ghtly alte r ed to s e ricite. 

The pyroxe nes and th e pr i ma ry brown amohibol es are altered 

to a ce rt a in degr ee t o pal e green amph ibol e . 
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Biotite , wh i ch is t he dominant co l oured mi ne r al is sli rhtly 

tr ansforme d to ch lorite . 

The re is a t endency to porphyritic texture formed by ml cro -

megacrysts of plapioclase fel ds par s ass ocia t ed wi h small crysta l 

inclusi ons of pyroxenes ani brown amphibol e exh ib it ing poikili t i c 

t extur e. 

The rock is poorly metamorph osed with we ll ure s erved i gne ous 

t ext ures . The me t amorphi c e ffe c t is r evea l ed by the pres enc e of 

few epidote, some sericit e ins ide plagioclases , ve ry f ew chlori tes 

f rom biotite, and pale- green aggr egat es of amphibol es» wh i ch a r e 

products of metamorphic t ransf0rrra tion of pr e - exi sting ma fi c 

minera l s. 

2.2. 3. 3.2 Biotite- py r oxene-hornb lcnde - dior i te 

This rock unit i s co a rser i n gr ai n s i ze t han t he pr eviously 

dis cussed rock . 

It is mai nly consti t ute d by nl aQiocl as e, al~h ibole9 pyroxenes, 

few bi otite» epidote» sericite» apat ite and o. aques . 

The plagioclases are partly t ransformed to s eri c i te and epi dote, 

wh ile the IDafi c minerals, py roxenes and brown amphibol es are vari­

ably trans for me d to pa l e -green amph i bol e . The pyroxenes ar e cons­

tituted by both ortho and cl ino-ry ro xene s. 

The opaque minerals might be magnet i te and t he r e are very few 

Square l y sectioned opaques whi ch ar e pr obab ly sulphides. Among 

the acces s or i es Bnatite is very abundant. 
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Some of th e megac ry s t s f pl ar iocl ase a r e no "kiliti c as th ey 

contain 5m311 crystal i nc lus i ons of pyroxenes and amphib ol s . 

Th e ord€r of crystal li zation is r iven by pyroxene, the amohibol e 

follow ed by pl agiocl as e . The conc lus i on I S de r i ved f rom t he fa ct 

that the ar. 'ph i bo l e s a r c pr es ent surrolmdin s t he ny roxenes , wh i l e 

bo t h the amph i bo l e s and py r oxene s 0 c c u r wi t hin the -p l agi oc l as e 

as small i nc lusions . 

Mos~ of the mi ne r a l gra i n in thi s r ock assume a para l lel 

direc tion of ori en t a tion. 

Though both ro cks ara affec t ed by a low ~r a e ~et2rnorph i s m ? 

t he metamo r phi c t r ans f orm&t ion is mor e r onounced in th is r ock 

t han in t he p r e vi ous ly discuss ed di or iti c body . 

2.2.3.4 Me t a Gabb ar o 

This rock t ype is eXDose d we s t of Gulli s o t own fo rwi n~ a 

cont i nuous r i dge known a s i Sololo Ri dge ' . It is dark to pr een 

i n col our? coars e pr a ined, massi ve to we akl y f ol iated and hard t o 

break. 

The r ock i s main l y composed of p l a gi ocl as e of l ab rador ite 

comoosition, pr ee n and b r own amph i bOl es, red t o brown biotite , 

pyro xene, and s e condary minerals r es ul t in g f rom me t amor nhic trans­

f or mation . 

Along a fra cture zone the r e exi s t eq ui pranul ar, we ll packed, 

polygonal quartz Er a ins asso ci a ted wi th ca l cite f ormi ng pran obl as­

ti c t exture , which p robahly be a secondar y hydr ot he rmal filli n g . 
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Onaq ~e s, presumab ly ma gn . tite , oc ur in a sub or dina t amount 

with a c l oud of s er i c i t e and chl ori t e mi crol ites sur oundin g­

p l a e i o cl ~lse and biot it e r e" pective l y, r es ul tin f rom a a t er event 

whi ch is re lat ed to th e n arti al or com l ete re tr ogr ess i on of h ii!h 

tempe ra t ure minera l s . A lot of enidote i s sc att er ed with in the 

ro c~? resul tinp from me t amorphic t rans f ormation of pI giocl ase s . 

The clino - ny r oxenc s whi ch exist in the ro ck are high l y trans-

formed along t he bo r de r with r e l ics at th o core i nto an acic ular 

ggrega t e of pale - pr een a~ph i bo l e . The ori ginal br own amphibo l e 

of th r ock are also t ra s for med i n t o al e- r een amphibol . of 

metamorphic orip-i n. 

Some of the fe l ds na r laths present a r e t ot ally engu fed by 

pyroxenes formi ng blas to-ophitic t e xture , ~hil e in s ome case s the 

the averafe l ength of t he pl . giocl ase l a t hs exceeds tha t of t he 

pyroxene grains, and the l att s- r on l y pa rt l y enc l os e a nu mb e r of 

t he for mer forming a b l as to - subonh it ic t extu r e . 

Th s mine ral as s ewb l a ge r es ult i n p f ro m the met~mo rphi c trans-

formati on indicate a l ow gr ade metamorphism . 

2. 2 , 3.5 fy ro xenite , 

This rock unit is expose d a t t he south eas tern margin of the 

studied area . The exp os ures a r e r estr icted a long h i l l sides 

aroun0 Limo and along Ri Teir Rive r . 
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It is grey-~reenish i n c010u r wi t h da r k w a t he r in g s urface , 

very coars e gr a i ned , mas si ve to weak y foliate an hi gh l Y rac­

tured and al t e red. A b i ~, prominent quartz vein has di s sected 

t his r oc prior t o deformation and has been defo med t o~e ther wi t h 

t he hos t ro ck keep in g th e s , .. 8 s t ri kc . 

The rock i s mainly compo s cd of cl ino --py ro en,,1? amphibol cs , 

and serpe!l tine. 

Though th e py ro xene pr ains a r e hi phly trans f or m d a round th e 

rim t o an ac icul a r af~regate of pal c-~r e ~n amphib I e, in some of 

, t he thin sections th ere exist ~e ll p r ese rved cr ys tals. 

Amr~lib oles are also tr,msfo r med t o new pale "' ? , een and colour-

l ess 8.c icular amph ibol es . Se rpentine mi ph t be der i ve _ from amph i ­

bol es alt~ ati on . This i s ascer t ained by non- exi s tent of r eli ct 

mi nerals ~f ol i vi ne an. by th e f ac t tha t soree of eYistinf arnph i-

bol es and serpentine occ unv i n t e rsti ti al pos itions. 
•• .. ,t 

The Fl ccessor i e s a r e const i tut ecl by s ome iron -··o -i des (opaq ues) 

and 2 lot of inclusions s omo of wh ich are a~at it e . 

2.2 .4 Vo lcani c Rock 

2. 2.4 .1 Ol ivine Basa lt 

The vast nortion of the south - western ra rt of t he ar ea is 

COvered by a roe lanocra ti c, f ine pr a ined , ~assive and I u trous 

olivine b · salt. These ro ks i n out c r op a r e fo n along hi ll t ons 

and river beds as r emnant s f roifl th e lateri tizn ti on effec t which 



- 37 

cr . mble rl down eve ryth in~ to l at~ ri t ic soi l and s ilici f i ed crustal 

limonitic ma te rial . 

Th e weathe r in p nroduct of th e bas It can clearl y be s een at 

some l oc a l i ti es in sl~cc ess ion f r om la t erit ic soil to unweat 11e r ed 

fresh r ock. At station :\-14 ~ South-wes t of Andu Villa r- e , near 

Goj cmc Rive r , t he upper p~rt of t he s l or e is tot al l y co ve r e~ by a 

we l l dcve loDe d soil, next to tl e soil i s ye l l ow to r eddish, eas ily 

friable crustal li monitic mate rial wh i ch res t or partly we a ther ed 

roc f mater i al with a l ot of cavi t ies on the sur f ace, and these 

narts of the rock grade to um/feat he red, lustrous {re s: r ock , 

which make t he bed of t he Ri ver Gojemc (Fi g. 12) . 

f 

The studied th i n sec tio s ranpc rom aphyr i c to subpar yritic~ 

with micro-ohenoc rysts of olivine and c l · no nyrox .ne . Th e pround 

mas s is cons ti tuted by euh8r:J.- a 1 to s ubhedr a l r r ain c of . l ar- iocl ase 

l at~s ? pyroxene, an~ olivine enclos ed i n black t o br own pl ass y 

mcsostas is e whi ch is oft en devitrifie~ . The few phenocrysts and 

SOl:.e of t he ni c ra lhenocrysts of oli vi .e and nyr oxene ere r esorbed 

and have reaction rim with the ground mas s r esul t irl g in a contorted 

boun~ari es. l hese ~henoc~ysts, t he other unal t ered gra ins of 

olivine , and pyroxene could be xe nocry s ts of olde r ~ate rial. 

The clinopy roxene · s us ua l ly much more abundant i n t he mat rix 

th an olivine . The pl aF io cl~se in the f r ou d mass vary fyom non­

ori ented to weakly alip-ned; corr-posi t i ona l l y t hey a r e prec.omi nantly 

i n the s odi c labradorit e range. 
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Fig.Ie; PyToxerite: megacrysts of altered pyroxene (Py) 
and serpentine (Srp). 

X-nicols, magnification 3SX. 

Fig.i ! : OlivLI6 Basalt: olivine micro phynocryots (01) 
iIl plagioclose laths; some of the olivine grai."l 
are resorbed. 

l:-nicoJS > magnification 35X. 
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Fig ! 2 S K ET C H SHOW I N G THE R E L A T ION S HIP 0 f THE BAS A L T 
8 THE LIMONITIC LAT ERITE. 
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Op c.que mine r a ls , Droba ly map-net t c, cOlllJrisEf bout 5% of the 

consti tuents of th e rock . fo rnb l ende anrl b i otite oc cur in a s ub­

ordila t c amoun t whil e ap1tits is accessory . 

Texturally so rn~ plagiocl asGs exhi bi t oph itic to sub-ophitic 

r el ationsh ip wi t h augi t e; olivine is ful l y euh edr al i n mos t cas es 

but rounded or pa r t l y r eso rbe d grains occur; some gr i ns c l um 

together t o f Ive glomeroporphyri t i c aggr egat es . 

2.2 ,4 .2 Silic i fied Resi dual Limonit ic La t e r ite 

Th e later i tic wea the ring product s of t he youn g bas a l t cover 

most of the sou t h-we s te r n pa r t of t he studi ed a r ea. They are 

het erogenous in appearance? 'nd lipht to da r k- b r own and yel l ow t o 

reddish in col our . In most cas es the s e r ocks a r e fri abl e to 

earthy mat e rial and ve r y se l dom ' th ey are ha r d and compac t. They 

show conc entric laminat ed textLre conta in inr sma_l da r k nodul es 

associ a ted with vesicular structures. Their associa t i on with th e 

unaltered basalt is di scuss ed under 2 . 2 . 4 . 1 an d the s ket ch is 

given in Pi p. 1 2. 

It was impossibl e t o make th in and po li s he r secti ons f rom 

these rocks, but ch emical analysis for seve n selected samp l es was 

made for bo th maj or and trace element s and the data are discuss ed 

unde r Ch c~p ter 5. 
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2 . 2. 5 Me t a Sedimentary Unit 

2.2 . 5.1 Quart zife r ous Nicac eous Schi s t s 

This rock unit i s expos ed a lonp s tream beds c0verin p a larg r 

:rca . Mos t of the out c r ops ar e hi phly weath re~ 9 easily f ri abl , 

so aked wi t h wat e r and covered by stream s i de small pl ants. 

The f resh outc r op va ri es fr om rrey t o blue and t o . al e-p-reen 

in cc lour , 8nd IS fin e gr a i ned? s oft, ~nd s l ip.htly t a l cous. The 

r ock is at places int e rl aye r cJ with ve r y small ark r aphitic 

material and is well fo liated and crenul ated with mode r at e segre-

gat i on of mine rals . 

Pe t r ogr aphic study show d t he p r esence of muscovit e , ch l ori te, 

and ve r y f ew bioti to , and qua r tz. T11 quartz is fin e i n vrain si ze, 

but e longa t ed a l an? the di rect io n of f oli a tion and is extens i vely 

r ecrystalized with s ome of t he rrains fo r mine gr anobl as ti c t e xtures . 

~artz and mic a minera l s f orm a lt erna ting laye r s 9 which are 

par all e l to one of th e sch i stos i ty pl anes , Th e quartziferous layers 

con t a' n mi nor amoun ts of muscovite , whi ch has ) a r al l e l or ientation 

whereas t he micac eous l aye rs have ve r y f ew, if any quart z mineral s . 

The micaceuus minera l s cons ti tute the fo li ati on 0 th e rock form-

In g ri bbon t e xture wi th L la t of Quartz (Fig. 13) . 

The l umb e r of de for ma tional en isodes shoul d at l east be two 

wher e one i s to form the f ol i at ion (Sl) pa r allel to the or i gi nal 

s trat i ficat i on (5 ) and the othe r i s to form the fo l d fab ri c (S2) 
o 

wh i ch cuts Sl and So a t an angle of about 45 - 500
• 
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Fig. 13 : Quarziferous-rnieaseous SC.hist showing inter 
banding of Quartz (Q) and IPieaseous minerals 
(rnie) and erenulated foliation . 

Crossed nicolS-magnification 35 X . 
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2.2.5.2 Fe ~ru ginous Quartzi te 3n c. Associa t e 
':i t e Lenses 

The fe rruginous quart zites with thei r magnetite-he mat ite 

lens es appea r in a l i thologi cally we ll de t e r mi ne horizon be l ong­

ing to the sequence of t he Prec8.JT1br i an metas edi mentary un i t s . 

The fine gr Qined, schistos e ane r ed brown f er r uginous ua rt zi tes 

crop out in a narrow belt strik i nr no rth-south . The quart zi te s 

se l dom change he t e r op i cally i nto mavnetite-hemat ite 1 ns es ; as 

it can be seen at Chago and Worekalu . 

The iron are horizon is mo s tly cover ed by t hic lateritic 

soils. Due to the t hick overburden, it i s imposs ibl e tc ete r -

mi ne the exac t di mensions of t he or e l ens es by surface geology 

without conductinr geophys ical survey an~ trenching. Rudi s 

(196 4 ) and Be lay (1980) have carried out magne t ic survey and made 

some t rench i ng both a l on r and ac ross t he strike of minerali zation. 

At Worekalu, which i s south of ChaRo t he r e i s a l ar ge trench 

with fine to medi um sized detrita l f l oa t s of iron are. The 

position of the mineraliz 3d zone i s na r all el to the main f erru-

ginous qua rt zites t rend i nf orth - south . At Chago the or e occurs 

i n l argo and sma ll bl ocks with some ~ e tri t a l f l oats mi xed wi th 

soil (Fig. 14) . The magnetite - hematit e lens es show s i mi l ar 

fe atures t hrou£,hout t he exp l or ed ar e a . It is dark gr ey t o nea r l y 

bl ack in co lour wi th a me tal lic l us t er. The or e i s usual ly comp ac t , 

massive and hard t o b r eak. 
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let ro f T nhic study of th i n an~ poli s ed sect"o of t h fe ·· 

ru ,inous Quartzites r e veal e ~ the e istence o· ma gnet ite, h · rnatite , 

hydroxi des of iron , and quar tz. Thouph no t all, so e of th 

se cti ons show clea r interheddi ng of rn a~netite ~n d quar tz . Pr efe r ­

ential gr ow th of both t he i ron or e and quart z can be s a n In s ome 

o the s e c t ions whe r e the gra i ns of quartz a e fr ctured an d show 

wavy extinc tion. 

Most of the ma gnetite gra ins are martit ize d and ch· .n~e d into 

hemati te, espec i ally alon z rac ures and gr ai.rl boundaries. A 

considerab le portion of t he ma gnetit e gr ai ns show a v ry advanc d 

stage of marti tization , where s ome t i mes they ar ' completely trans -

formed i nto h ematit e , wi th r e li c t out lines of the r r evi ous rnagne -

tit e . Limon i te occurs in a subo r dinate quan ~ it main y as foethite 

and seldom as lenidocroc i t e . 

The ma gnetit e·- hernatite lens es a r e r ather more com~act w"th 

less qua r tz, whe n cornoa red wi th the fe rru ginous quart zites . The 

quartz gra ins ar e fin e r th an the marnetite-hemati t e minerals. In 

some sections the quar t z grains show ve ry faint segre ga tion with 

preferre d orientat ion , whil ~ in others they are diss eminated fo r m­

in g cl ust er ed aggr ega t es . 'lnd in some of t he samples investirat cd 

t hey appea r in a very well deve l oped interbanding with magnet i t e ­

hematite and barit e . This f eature can be seen both micros co . ically 

(Figs . 17- 18 ) an d mac roscopi c lly (Pigs. 20-22). 

Magneti t e ~rains are rare l y unaffected, th ey show a more or 

les s high depree of marti tization . Hematit e ori gi nated by marti­

tization is presen t surrounding rna netite r.ra i ns, espec ially 
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Fig.17: Interbanding of massive barite and ~gnetite. 

Parallel-nicolS, magnification 35X. 

Fig .18': Quartzl te: faint banding of quartz and magnetite . 

Parallel-nicolS, magnification 35X. 
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Fig. 19: Barite: macr ophotography of massive Barite (B) from 
St. 29 . 

Fig.2o: Macro:photography of interbanding of magnetite­
hematIte (M), Quartz (Q) and Earite (B). 
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Fig. ,?l : Macrophotograph of interbanded Quartz (Q) barit e, 
(B) and magnetite-hematite (M) 

Fi g.22 : Mac~ophotograph of interbanded Quartz (Q) 
bante (B) and magnet i te-hematite (M). 
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a l onr fissu r es and f aces of oct~hedron. In t he po l i shed s ect i ons 

all stages of mar t it i za t ion may be s een f r om the i ni t i al st are to 

the complete r ep l a cement o f ma gnetit e by hematite. 

At one l oc a li t y n a r Chare (Stat' on 29) there exis t s an out ­

cr op of ba r it e int e rbande~ with ma gnetite -hematit ore and quartz . 

A PO i shed s e c tion s t udy made at s ome Dart of the ba ri te rev al ed 

t he presence of sulph i de s ; name ly pa l ena, snhal rit e
9 

cha leonyrit e 

and cov l lit e . 

GalenR wi t h it s whi t e r fl ection colour annea r s sur roun i ng 

sphal e rite (Fig. 28). Wi t hi n the spha l erit e the r e ar e dis seminat ed 

cxsolution p r oducts of cha l copy r it e with light yellow co lour an d 

hi gh l uste r . As can be s een f r om th e section, t he re a r e two gene r a­

t i ons of cha lcopy rit e , where one is formed as exsol t ion product 

fr om sphale r i t e (Cha l c opyr i te II ), whil e the s econd one is syn gene ­

tic wi t h t he other su l ph i des (Chalcopyrite I, Fi g . 28 ) . Cove llit 

i s present sur ro unding Ch a l copyrit e showing it s se conda r y develon­

ment from t he l at t e r (Fi g. 28 ) . 

The orde r of f ormati n mi gh t be : first Chal copyrit e I, t hen 

sphalerite followe d by Chal copyrit e II, which is the exolution 

ro duct of spha l e ri te ; galena comes before cove l l ite w ich is the 

l ast p ro~uct fr om weather in g of cha lcopyrit e . 

Both t hin and pO lis hed sect ions studi ed on s ome of th e sam les 

of trench- 3 indicate d th e existence of s pheroidal mat e rials, which 

appear i n s oli tary , in pairs
9 

and in most c as es as col oni es. Thes e 



Fig.2J : Net of martifization developing along the fractured 
margins of magnetite (m). 

parallel-nicoJs , magnification 240X. 

Fig.24: The above section in semicrossed-nicolS . 
Magnification 240X. 
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;'ll: .25: Relics of lltlgnetitc (Ill) i.n T)'stals p,rt y 
l1nrtiti: d :.md ~urroLU1dcd by rc - hydl'o:\iJcs 
(Fc- hy) 

P~rallcl -ll icolS, lllagnifica ion 240), . 

l-i~ .2ii: rhc abo\"c secti.on is :;cmicros:cJ- nicols . 
\b,gnificatjon 2.W, . 
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Fig . .2
7

: Fibrous net work of martiti:.ation of JIagnetite 
to hematite . 

X-ni colS, magnificat i on 24011. 
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Fig .28: j'licrophotography of sul phides in pol isJ,Exl section. 
Calena CG), SPhalerite lSp), Ch3lcop),rite (Cb) <lnd 
Covellitc (() . The backgrowld is Barite (B). 

Paral] cl-nicolS , nngnific<Jtion 2.J-0\ . 
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ver y sma l l marn ctit e -h emat i t e grains Rr e su nccted t o be fos s ils 

of micro- organlsms and a r e riscus sed in Ch apt e r 4 un e r micro­

pa l eon t olo gy (Fi g . 33) . 

2. 2.5 . 3 Qua rt z- muscovi t e- seri cite Schist 

This rock unit cove r s a larpe po rti on of t he me t a s ediments 

and i s pink in colour, lustrous? soft with dusty powde r of red 

p&int 9 f i ne prained and at various localities of it s exposure, 

sp eci a lly to th e northern pa r t, it is st ron gl y we a t he rec and 

to tally c r umble d to soil keeping its strike and di p f eatur ing the 

ori gina l posi ti on . 

Th e r ock is intercalat ed wi th a series of f rruginous me t a­

se di ment s associated with mi no r graphitic phy llites i n the uppe r 

pa r t. It is we ll fol iat ed and strongl y deformed and folded 

part i cul ar ly at t he southern part of the studied area 7 and a lso 

dis s ect ed by prominent quartz veins at various localiti es . 

Thi n s ection study r eveal ed t he existence of qua r tz, musco­

vi t e , s e ri cit e, ch l or it e and very few biotite with some acc essory 

op aque mine ra ls , pos sibly ma gnet ite . 

Quar t z occur s in th e groudmass and in a very few case as 

po r phyrobl asts . They a r e e l ongat ed and r ecrys tal lize d a lon g the 

direction of fo li ation . The fo liation is formed by parall e l 

ali gnment of chlorite, muscovit e , and sericite which have made 

alt er nati n g stratifi ca ti on with the quart z grai ns, hence forminp, 
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I· i~.29: QU~ll·t::: -lI1U~covite SCyLc.itc SC,hist: tl c 
,11 iglllllcnt 0 f 1ll1..lSCOV i to, chI or i tc ~nJ 
(TC'11l11atcd foliation . (Q= Qu;.trt:) . 

f01 i:ltion .. 
~crLC l tL. 

\-nicols, Illablllifi -ation 35." . 

[he same rock. type as Fi g. 2Q . 
dcfOYlIutian than thc above one . 
l::; 11101'(' pronOLUlccJ . 

It shoh's in ensc 
fh · fold f ahri . 

X- nicol'S, magnification 35X . 

i:, farll "c.l. 11)" 
ilOh'S 
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the lepi doblastic s ch istosi y. These miner I wh ich f rm th e 

foliation a r e fol ded tore the r r esultin? fro s co dary stap of 

deformation . This fold ed f abri c is more r onounce d in the southern 

par t (thin sec t ion 5l- b, Fi g. 30), and in the northern ar of the 

ar8a it is express e d by minor crenul ation of th e foliatio n (thin 

section 2a , Fif. . 29) . 

2. 2.5.4 Graphytic Phyllit e 

A small road side exposur e near Cha go a lon ~ the mai n rout e 0 

Aira. It is a th in int ercala t ion within the quartz-muscovite-

sericite schist. It is pale blue in colour , easily f ri ab l e, v ry 

soft and shinny, fine ?rained with silt size mat e rials. 

Thin sec tion study (s ample 40) showed th e pres ence of ve ry 

fi quartz ?rains, sericite ~ muscovit e , dis ersed or gani c matt r, 

and opaques probably magnetit e . The quartz rra i ns ar e uniformly 

dis pe rsed and pre fer entially orient ed wi th alt ernating sequenc e 

with that of the muscovi t e of the rock . The rathe r unifo rmly 

dis tributed tiny orranic materia ls a r e dispersed th r oughout the 

rock ane a r e dotted in t exture . It i s mos tly bl ack and dark-brown 

in COlour , while t hos e associat ed witll f ractures are dark-brown 

with r ed shade . 

2.2 .5. 5 Quart z i te 

Th is r ock unit 1S exposed at the southern part of th e studie 

area . It is a very smal l road s i de expos ure and sli ghtly affected 
by weatheri nr. 
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Petrog-rarhic s tudy both in thin and olis e ·.-1 ect ions (5 In I e 

58) re vcal ee the exist ~nce of quartz, v~ ry e f 1 spars, ma?ne tit 

and hem tite. 

Th c pr a ins of auart z are well packed an~ sh rn~ some p.rec 0 

recrystallizati on . They s how a prefer n ial prowth an . som of 

t he ?rains are fract ured an s how wavy extinction. . 

Minor interbandin fs of ma gne tit e an, auartz r e vi s ibl e. 

~agnct't e is concentrated at a pa rticul ar l eve l a daIs diss mina-

teJ in th e quartz gra ins . .~ re the amount of ~uartz is dominant 

over opnqu s (Fig. 18 ). 

The rock shows an I on a ted , se ri ate p- r anoblast"c t xtur . 

2.2.5.6 Ouartz-seri cit e- ch loritoid Schist 
) 

This Tock unit is expos ed at th e side of a prominent r ge 

wes t of Cha?o a~ d alonr the main roae t o A"r a ,he re rock mat eri als 

have been excavate d for r oae construction . It i s Ii ht r reyish , 

well fol i a t ed , fine grain e ro ck overlyin g confor~ably the quar t z-

muscovi te - sericite-schist . 

This sec tion s tudy iisclosed t he presence of quartz, fe l d-

spars, s e ricite, chlorit oi d 9 chlorite , muscovit and very few 

epi dote , biotite , and Dal e --green to ye llowish amphib ole . 

Qu artz grains a re an pular t o sub-angular, r ecrysta lliz ed and 

elongated alan? the direction of the fo li ation . Dar k to green 

chloritoid minerals exi st in the rock in eq ual amount with quart z 
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a n (l are fragmented, mass i ve , tabul ar 0 ac i cular in appear nce , 

and a r we ll dis pers ed t h r ouEhout the sect i ons . (F' g. . 31). The 

foli a tion is produced by t he pr esence of s t re t c ed micaceous 

minera ls al onp t he or ipinal b e~ din r p l ane wher e it i s cons tit ut ed 

by muscovite , ch lo r i t e , seri c i t e , and f ew bi ot i t . Fai t to 

mo~ c r a t e sefr erat ion of miner als can be obs rved p a l l e l t o 

schis to s ity and t he fo l iation is sl i ghtly crenul ated. 

The qua rt z and th e ch lo rito i d a r e do minant ove r the mic aceous 

minerals which exi s t in a subor di nate amount . 

At l east two de formational eni so de s can be r co~ni z ed f rom 

th e t hin s e cti on s t udy : 

a ) The pa r a ll e l orient ation of th e chlorit e an ~ se ri cit e 

with t he or i r ina l beddi n g (S ) f ormi np th e f ol iati on 
- 0 

plane (S l ) ' 

b ) The second foli at ion p l ane (S2 ) i s p r oduced by t he chlori ­

toid wh i ch has gr owri a t ab out 700 t o the ch l ori t e ori ent a-

tion . 

The dominant t ext ur e i s l epidob l as t i c wi t h wi no r gr anoblastic 

features. 

2.2. 5.7 Sericite- chlorit e- musco vi t e Sch i st 

This rock un i t is exposed on a s ma l l hill t op a l on g t he r oad 

to Ai r a. It i s fr agmen t ed and s cat t er ed on the hi l l top an d 

probably lies con fo rmab l y on t he quar tz -s eri ci t e -chlor itoid schi st . 

But it i s ve r y diffi cul t t o f et a direc t con t act of t he t wo litho-
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units due to th e int ense we athe rin g an thic soil cover. 

The r e cl( is nale - blue in co lour wi h .ink - grey ish wea he r -

in g surf~ce, h as me di um e ain size, and is well folia t ed . 

The pc tro pr anhic study s howed the nresenc of qu a rt z , 

muscovitc ~ chlori t e, ser icite , few en ido te and a ati t e and som 

onaque minera ls, whi ch probab ly a r e marne ti 

The quar tz gr ains a r e fi ne to medium wi t h sam de r e of 

r crysta" J i zat ion and most of them sh m,,[ very i rre p;ular boundar' es 

and ar ~ dispe rs ed within the se tion. Quart z con tain several 

solid incl us ions and s orne of t11 erL a re ana ti te nd op< quos. 

The muscovite appear i n l a rge crysta l and are e onrat cd 

a]o g t wo schistosity planes which eros at an of about 45 0
. 

Sericite cons t itutes the fin~ grained matrix envelopin g th e quartz 
, . 

grains an d is not ori ented , which could probably indicate i ts 

f ormat ion by secondary t r ansformation process . Ch Qr i te is asso-

ciat ed ;spe ci al ly with un oriented sericite and als o occur with 

_, .i..,' 
-..... . muscovit e crystals a long s chistosity nlanes. 

---

! . 
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ig . 31 : Quart:--;eric.ttc-c}'loritoid Sthist: alignment of QllJrt: lQ) 
and sericite cSr l. D1C' chloritoicl lChd) i~, in(lincu 
:..i t an :lnglc to tile' fol iation lSI) ' 

\-nicoJ S, magnifiGltiol1 35\ . 

Fig .52: Serilitc-chloritc- muscoviteSChist : OJrse grains 
of Quart: CQ) and muscovite (mu) . They Clrc 
clol1l!<1tcu alone. the shistositv plane . .... ~.::> ~ 

\-nicol ~, magnifica tion ,35>':' 
• 
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2.2 . 5 .8 Lith-Aren i te 

This rock unit is exr os ed wes t of Chago f ormin g a prominent 

r idge~ and is f r ey to pin i n co lour with reddish w ath erin g 

s ur fac e. It is a mas s i ve ~ bounderv and s ca ttered outcr ,and 

due t o the intense weath er "ng and thick soi l cover of t he area 

the conta ct of t he lith- arenite with the other litho- un its can-

not be cl ea rly identified , but it could rob ably be an interc&ia 

t ion wi thin the schists. 

Thin s ection study s howe d th e exis t ence of quar tz, ric e, 

fcl~spar. subordinate amount of chlorit and biotite with so me 

op aques~ pr obably ma enetite. 

Quartz grains a r e r ather medium to lar re cry tals and ran ~e 

from angula r to rounded in sh pe , and most of th e rounde d and 

sub rounded grains of quart z are fractured, while s ome of th e 

angUla r grains do not sh ow fractured s ur fac e . 40st ly th r e is 

no contact be t ween the r ains of quar t z , and ar e embedded in the 

s e ric itic matrix, The re ar~ probably t wo ge ner ations of quartz, 

as the rounded to subrounded grains of quartz have b0en derived 

f ro m a very fa r source ar ea as independent ~rains , whi e he 

angular and Infractured quart z gra i ns could be added t o t ~e basin 

fron nei ghb our i np a re a wi thout long distance of transp rt ati on; 

or could have been releas ed from rock f ra rme nt s within the basin. 

They are r a ther uni formly dist ribu t ed and could have be n s ettled 

in agitated wa t er . 
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Th ere i s no we ll develope d foliation, tic s ericit ic mat ~ ri a l 

does not show any prefe r ential ori entati on rathe r di -fe r ntly 

or i en t ed nc l osin p t he quartz gra ins . Its anp ' aran ce as a pseu­

domor ph could indi cate a pr obab tr ansforwat i o pr oduc t from 

fcld .:pars . 
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METAMORPHISM AND STRUCTURE 

3.1 Metamorphism 

As observation on metamorphic mineral assemblages indicat ed, 

th e explored area has been affected by r egional metamorphism which 

involved both the plutonic and sedimentary rocks. 

The mi nera l assemblages found in both rock typ es are: 

rnuscov ite-sericite-chlorite-epidote . . 
Quartz -s er ic1i te-muscoVi te-epidote-pale green 

amphib ol e -chlori te ; 

pale gr een amphibole-chlorite-epidote-seric"ite; 

serpentine -pale green amphibole; 

pale green amphibole-chlori te-seric ,1te-epidote 

Quartz -seric i"te-chlorite ; 

Biotit e -muscovite-chlorite-quartz~ 

Quartz -chloritoid-chlorite-muscovite~ 

Serict te-chlorite-muscovite. 

The roc ks have undergone low grade regional metamorphism 

of green~(hist to lower amphibolite f acies. The metamorphism 

and degree of deformation seem to increase to the southern part 

of t he studied area. Some of the rocks exposed around Werekalu 

are highly de formed and folded with segregation of minerals 

form i ng t hin bands. 
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3. 2 Str uct ur e 

Th e s tructur a l study of the a r ea has s uf e r ed f r e m 1 k 

o f outcrops , i n t en s e we athe i np and ve r y t hick s oil cover , wI ieh 

ma.le a lmos t imnoss i b l e to make n accura t s tructura l econs truc-

ti 0~ and in t e r pr e t a t ion . 

Fo l i ati on and/ or fai nt gne i s s i c lay rin r i s t he do i nan t 

nlana r fe ~ tur e i n t he s t udi ed a r a . The fo li a t "on is e fi n 

by th e pa r a ll e l n r c f e r red or i en t a t i on of pla t mIn r als wh r eas 

t h ~ g~ iss ic l aye r i n p is de fine d by fai nt senr e gat i on of da rk 

and li ph t mine r a ls . The s e f ea t ur es hay a ge ne r a l NNE- SSW an 

NNW- SSE t r end with mode r at e t o s t eep dins t owa r ds west or as t. 

In th e eas t e rn ha lf of t he ar ea , thes e pl ana r f a t ur es 

pr e om" nantly di p t o t h east with averag di angl a of 65 , 

whereas , i n the wes t e rn ha l f of t he area , the l ana r f ea t ur s 

with mi no r var i a ti on di p t o t he west wi t h ave r a ge di p an ~l of 

60
0 dcfi nin r a ma j or an t i form. 

At l e ast tw o phas es f de f ormation a r e r ec ognI z i n t he 

Tocks . The early rh as e, pr oduc i n ? t he r eg i ona l f ol iation ~ 1)' 

i s a xi a l pl ana r to t he t i gh t is ocl i na l f ol ds and of t en co mpl e t e l y 

t r a llspo s e s th e or i pi na l sedimen ta r y l ayer i n r (S ) . o The se con 

phas e of de fo rma ti on (S2 ) is expr ess e d by the fo r ma t i on of t he 

fol d f abr ic, r e s ul t i n ~ i n a s e ri es of is oc li na l f ol ds with 

s outhe rly pl un r in r- fo l d axes . 
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~ineral l ineati on due to alipnment of prism tic mine rals is 

the dominan t linear fea t ure i n the r ocks of t he studie a r ea. 

These l "nea r features have a pronounced nearlv north - south 

tren d wi th plunge OSO - 20
0

• 

Systews of qua r t z veins trencl i np north -s outh a d - W cut 

the rocks at di ffere nt lo ca l ities . 

NW-SF trendin f fr actures and m1nor fau lt s are observ d 0 

a1 r p otoBraph s an d s ome are con fi L I ed "n t he ield (B a 

et.a. 9 1980). 
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4. Micro Pa l eon tolo gy 

~icro pal eontol oe ical investipations ca rri ed out on ampl 

No . T3- 7 bo th in thin and ~lishe d sect ions have revealed th 

occurr nce of l a r ge ropula tO ons of sryh e r oids of ce rtain bOolovi­

cal origin. Such or ganisms which have a me dium siz of 7.a- 4mm 

occur s s olitary individuals but, mos t co~monl y ? occur In 

popula t ions of a few to s everal dozen cells in close proximity . 

~~e n in arre populati ons ? individual s ar closely acked 

(genera lly th e sphericity i s not lost due t o the mat r Oa l com­

paction)9 but adjacen t cells in most cas es ar separat d by a 

few mOcrons of s pace. Such s~he roidal bodi s, in ma y of which 

dark i ncl us ions (nucl e i?) are observed, stron f, l v s ug st al al 

ori gin (cynobacter i a ) particul arly i n th eir siz e ran ge. At th 

scope of th e pr esent study it is not possib le to state wh her 

th e da r k inclusi ons are r e al nucl e i (and hence eucaryoti c c lI s) 

or not; be caus e such i nclusi ons can be a lso s ati s actorily 

exp ai ned as procaryotic ce ll s 9 which have under gone las oli­

t ic degradation. 

Inco~p l ete preservation 9 mos tly du e to di apenetic altc~ at Oon, 

mO 1c ralization, and metamorphism a de tail ed taxonomic int e rpre t a­

tion cannot be given . As a pre liminary study it can be s tat d 

as undif fe r entiat ed biospheroids. Powever some similarities 

with the b lue- gr een a l gal ge ne ra My xoccocoides and Gloedionopsis 

a r e observed. 
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f j o33Q : Undifferentiated biospheroid l?) in SoJi 3 1)' 

anc..l Co 1 en\' . 

X-nicol~, magni fication 128C:\ . 

Fig . 3~ : Undiffer en t i::tted bi o phero i cl (?) in Sol itary 
and Co , eny . 

\-nicolS , lllagnificat ion 512\ . 
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GroCH ~ I TRY 

5. 1 I troduction 

Chemical anal ys es f or 78 Tock and or e safi1pl s w r e conduc t ed 

at the Chemical Laboratory 0 Eth i o ian Insti tut of Geo lo pical 

Survey . Both majo r and trace l emen t determinat i ons have b en 

carr i ed out . The analy ze d ma j or e lement s ar e SiOZ' A 203 · Fe 203 , 

F 0 , CaO MrO, Na 20 , K20, MnO , Ti02 and P205 , wh i le the t race 

cl ements are Co, Ni, Cr, Pb , V, Zr, Ba, Mo, Mn and Ti. 

The results have been treated gr aph i cally, a d an interpreta­

tion was extracted in orde r t o deter ine the environment of forma­

tion of the various rocks, t he ir r elationsh i ps, and source of 

materials for the var ious lithounits , and a?e of r ocks and min eral­

izat i on . 

5. 2 Sample Prepa rat i on fo r Ana l yses 

The main p rocess es to be cons idered in orenaring a sample 

for chemical analyses are : dryinp, crushin v., s ieving, quartering 

and grinding-. 

After th e samp l es wert dr ied, crushing is neces sary to reduce 

th e rock s ize, so they may pas s through an appropriate screen. 

In order to ob t a in a truly homogeneous and renr esentative sampl e, 

the rocks s hould he pulveriz ed t o pass throu ph a 200 mesh screen. 

Two stage s o f crushing w r e used ; the first one w s to reduce 

th e big samp l es into s mal l f r agmen t s, t he s econd sta e of crushin 
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fu r ther r ~duce d th e s mall fr a gments into fin r on s rio r to 

quartering . 

Af t e r crus hi np the samp l es w re mix d and ,uart e red in 

order t o obtain a renresentative por tion of a large s am I . 

Fol l owing th e qua r ter i ng proce s a small porti on (10- 15 gms ) o f 

the rock~ was t aken and gri ded by Means of a non-contaminatin p 

rni ll ~ to ensure a r ep r esentat ive homo peneous sam I e. 

~~ o meth ods of gri ndin e r e u ed in order to avoid conta-

minat ion of the samnles. 

a) Cob a lt-Tunps t en ~ and 

b) Chromium- Iron. 

The cob alt determination was ~arr ied 0 t f rom the sam I e 

Frinde d by th e ch romium-i ron mill; wh ile th e chromium and "ron 

analyses were made fro m the samp l es r epar ed by the cob alt- un­

gsten mill. The me t hod has cont ribute d a lo t to minimize the 

risk of analytica l er rors. 

5.3 Me thods of Analyses 

Th e tes t samples which iVore ~He;J a red acco rd ing to th e metho ds 

explain ed under 5.2 , were analyzed using instrume t a and chemical 

me tho ds of ana l yses fo r major and trace el emen ts . 

The instrumen t a l methods of analyses inclu e 

1 . Atomic absorbtion spectronh otometry, and 

2. Op t ica l emi s sion spe ct rophot omet ry . 
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Whil 8 the chemical analyses incl ude 

1. Ti trime tric 

2 . Co lo rine tr ic, and 

3 . Gr avime tric 

All the oxides , except P ° Ti0 2 a d F20S and s om 0 t h e 

tr~c' element s (Co, Ni , Co and Pb) w r de t e rm ined us" ng- th e 

atomi c ab s orbt ion s pectro hotome t e r; whi l e t he nalyses f or h 

r est of the trnce e l ements were c ~T r i e d out by opt i ca l emi ss i on 

s pect rophotomet e r . 

Ti0 2 and F20S were analy zed by colour i me tr ic m ~ thod , wh r 

the absorb8nce of col our comp l exes L de t cr J1l ined . 

Ferrous oxide (FeO) was de te rmi ned t i tr i m t ica lly , wh TO 

he Fe r rous ion WRS oxi dize d t o fe r ri c i on y u ing me avanada t 

as oxid i zing a ren t . 

~1o i s ture content and los s on i pn i t i on e r dete m"ned us in p 

~ rav " metric a l method of ana lyses . 

Two me thods were adopted in pr apar i n . an al y t i ca l t st solu­

ti ons. 

Cold P.F a tt ack , an d 

2. Fus ion 

In both cas es 0 .2 f. of t he samnle was accu r a te l y we i gh d 

to the nearest 0 .001 g. In the f usi on me thod li t hium m ta ora t e 

and/or tet rab ora t e were us ed as flu x d pendi ng on t he nat ur of 

the s ample. 
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5.1 Geoc~p~is try of t he Plutonic and Ba nlti Rocks 

5.4. Introduction 

The dAta obta i ned froTI; tll€ ch mic al ann.lyse s of tl1~ pluto ic 

and brLsol t ' c rocks arc att odH,d un de r T bl 3-1 . hey w l' 

used to plot both binar y and rianpu l a va 'a ion d'agrarn; he 

th e rC'sults are a nl ied to dT::tW r e l ati on hi n amon g t he 'f e r ent 

li thouni. ts. 

Twenty samp l es of pr- n i te, qu rtz diorite, di orit ; gab r o, 

n.n basalt were used t o plot the vari ati on d' gr a s . A m'ni 

comnut cr was US Ed for nlotting 9 ~'vin dif r ent syrnbo s or t h 

di ffcrc nt 1'0 k units . 

Rock No. Samp le s d 

Gr ani t e 4 

Quar t z diorite 4 

Dio rit e 6 * 
Gabhro ~ 1:1 

J.. 

Basalt 5 ~ 

The basaltic roc s are us e d t opether w'th the m t morphos c 

pi u ton.i c 1'oc1-s i n orde r to compare the ch emi ca l co po i tion 0 

th e ori r ina l magmatic ma terial of t he lutonic ro ck wi th he 

younger e ffusive one s . 

5. 4.2 Variation Di agr ams 

Chemi ca l var i at ion wi th in th e r o ks 0 onc ma rna ri e , 0 

amon g the rocks of diffe r ent pet r openic n ovinces , can b conve-
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TABLE 3 Ma jor El ement Contents of Biotite Granite (\\It %) 

Fiel d t No. Si0
2 

A1 203 Fe203 CaO Mg O Na 20 ~O H2O L.D. I. HnO Ti02 P20s 

'. ' 
A-54 77. ° 12.5 1.71 0. 4 0.2 2.6 5. 4 0.1 0.8 < 0.1 0.13 0. 07 

, 
55 76 .0 11.5 2 . 22 '. O~ q, .... , 0 : 2 , 2 ~ ",:S 4.8 ~~: O' F 0.8 < 0.1 0.32 0.04 

56 77 .0 10· 4 
.. .,....... • : -; ..... ' &\. - ' • , 

2'.22 - 0.8 - 0 , /2 "' 2,; 8' - ll' .4 " 0.1 ', 0.8 < 0.1 0.15 0.03 - \ -.,; - -' . ' .. ..... \ ·f ~ \ 
57b 74.0 ' 13.1 .. 2-.58'- ~ , L '6 .. 0.6 _ 3.5 \ 3.4~ "9. 'r- - 0.7 < 0.1 0.20 0.08 s . , ) _ , '- ',~ t ~' , '", ... , '.,:' .,.~ ' . , " . ...: ..;;.' ~ .~ ____ --

TABLE 4 Major Element Contents of Qu art z Diorite (Wt %) 

A-I0 57.0 15 .5 10.36 5.0 2 .5 4 . 4 2.1 0.2 0.6 0.2 2.00 0.86 

59 60.0 15.3 8 .1 0 5. 7 3 . 3 3 .1 2 . 0 0.1 1.0 0 .1 1. 0 _ 0. 20 

60 62 . 0 14 .9 7. 93 4 . 4 2. 4 3.1 1. 5 0.1 2.2 0.1 0 . 75 0.1 6 

61 55. 0 17 .,3 9.22 7.2 4 . 0 3. 8 1.7 0.1 0. 8 0.1 0 . 75 0. 24 

--~ -.,.... 
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TABLE 7 Major Element Contents of Micro Diorite (Wt %) 

Field 
t No. Si02 A1 203 Fe 203 CaO . MgO Na20 K20 li20 L.O.1. . MnO Ti02 P2 05 

A- 4 54.0 15.7 10.51 7.2 6.2 3.3 1.6 0.2 0.7 0.1 1.62 0.18 

21 53;0 15.9 11.07 7.8 6.2 3.0 1.0 0.1 0.3 0.2 1. 53 0.18 

74 48.0 15.2 14.01 10.6 5.8 3.1 0.5 0.1 0.4 0.2 1.88 0.47 

38 48.0 16.1 12.40 8.8 6.7 2.5 1.3 0.3 1.2 0.2 1.84 0.27 

39 50.0 14.8 13.30 10.0 6.6 2.9 0.4 0.1 0.8 0.2 1.71 0.25 

7a 48.0 15.6 15.54 6.9 4.8 3.4 1.2 0.6 0.4 0.2 2.29 0.56 

TABLE S: Maj Qr Element Contents of Gabbro (Wt %) 

A-38 48.0 15.6 12.01 7.2 9.0 2.7 0.8 0.2 2.5 0.2 0.94 0.29 

TABLE C3 Major Element Contents of Pyrox~nite (Wt %) 

A- 47a 50 . 0 3. 0 9 .1 5 18.6 17. 0 0 ,4 0.1 0.1 1.2 0 . 2 0 . 27 0.02 

48 50.0 2.6 9.58 12.4 18.0 0.3 < 0.1 0.6 2 .1 0.2 0.23 0.01 

49 48.0 1.1 8.34 12.8 22.4 < 0.1 <0.1 0.2 6.1 0.2 0.10 0.02 
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TABLE 'if): Trace Element Contents in PPm of Microdiorite: 

Field 

No. Co Ni Cu Pb Cr Mn Ti V Zr Ba Mo 

A- 4 40 75 170 20 30 1000 3000 300 50 0.7 

21 20 80 215 20 100 3000 7000 300 200 0.5 

74 30 50 115 15 150 7000 5000 150 300 300 

28 30 80 80 20 300 3000 3000 300 20 0.5 

39 20 30 265 20 500 3000 5000 500 100 500 0.7 

7a 50 65 155 20 100 3000 1000 300 70 O.S O.S 

TABLE 1i: Trac e Element Contents in PPm of Gabbro 

A-38 55 150 95 10 215 3000 3000 200 100 2000 0.5 

TABLE 12: Trace E1emertt Contents in PPm of Pyroxenite 

A-47a 

48 

49 

20 70 

40 90 

45 280 

170 15 500 ' 7000 2000 200 

55 10 700 3000 2000 200 

480 30 700 3000 700 100 

50 0.5 

20 0.5 

10 200 O.S 
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TABLE 13: Maj or El ement Cont ents of Olivine Basalts (\\It %) 

, 
Field 

t No. Si02 A1 203 Fe;Z03 CaO MaO Na20 ~O ~O L.O.I. .MnO Ti02 P20S 
A-12a 46. ° 12.2 14.58 9.4 8.8 1.4 1.4 1.5 1.9 0.2 2.50 0.74 l4b 44.0 13.6 13.87 10.0 8.4 1.8 1.3 1.2 2.1 0.2 2.47 0.70 14c 44.0 14.0 14.01 . 9 ~ 8 8.6 2.0 1.6 1.2 1.7 < 0.1 2.42 0.7 45 47.0 14.5 17.16 7.4 5.2 3.5 1.2 0.5 0.4 0.2 2.38 0.51 7S 50.0 15.2 14.94 7.6 4.2 3.2 1.0 0.2 1.2 0.2 1.95 0.50 

TABLE :14: 
Major Element Contents of Li~~oitic Laterite 

A-12b 13.0 12.8 58.34 <0.1 0.2 <0.1 <0.1 1.4 12.3 0.1 1. 67 0.26 13 11. D 11. 3 6D.55 <D.l D.2 <D.l <D. 1 1.9 12.1 < D.l 2.2D D.48 14a 17.D 2D.3 41.18 D.6 D.4 <D. 1 D.2 4.1 13.6 D.5 2.D6 D.87 15 19.D 18.4 45. D4 D.4 0. 2 0.2 <D.l 1.6 12.5 < D.l 2.41 . 0.28 16 15.0 12.5 60.80 1.8 0.4 <0.1 <0.1 1.1 7.6 < 0.1 1. 95 0.2 44 16.0 12. 0 57.19 0.3 0.2 0.2 <D.l 0.4 11.2 D.2 1.5 0.41 77b 14.0 10.1 59 . 90 0. 1 2.2 <0.1 < 0.1 0.3 J?0.3 <0.1 1. 67 0.63 
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TABLE i5 : Tr ace Element Contents in PPm of Olivine Basalts 

Field . 

No. Co Ni Cu Ph Cr Mn Ti V Zr Ba Me 

A-12a 50 130 210 25 1000 3000 3000 300 100 2 
14b 55 180 130 20 50 3000 300 20 5 1 

45 40 75 225 25 30 5000 1% 500 500 300 0.5 

75 40 35 80 20 30 7000 5000 300 200 1000 0.5 

l4e 55 140 9S 3S 300 3CW 1CXX> 300 200 2 

TABLE 16 : Trace Element Contents in PPm of Limonitic Laterite 

A-12b 40 55 _ 130 60 3 300 700 30 30 1 

13 35 60 125 40 70 200 1000 30 10 1 

14a 95 65 110 60 200 5000 5000 7 70 1 

15 35 60 50 60 200 1000 2000 70 100 2 

44 30 30 125 40 10 2000 3000 20 200 2 

77b 45 60 40 40 15 100 2000 10 70 

16 20 40 45 ll5 300 3000 15 50 1 
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TABL r 17 : Ave r are Che mic a l Compo s i ti ons (Oxi des, wt %) 

of the F1utonic and Yo un per Vo l canic ocks 

El cn!en t~ 
1 2 3 4 (wt % ) 5 6 

Si OZ 76 58 . 5 50. 16 ' 48 . 0 4Ci.2 49 .33 

A1 203 
11. 87 1 5 . 75 15. 55 15. 6 13.9 2.2 3 

Fe 203 2 . 18 8 . 9 12 . 81 12 . 01 14 .91 9. 0 2 

CaO 0 . 85 5 . 57 8 , 55 7 . 2 8.8 16 . 26 

MgO 0. 3 3 . 05 6. 05 9 . 0 7.04 19. 13 

N3 20 2 . 92 3.6 3. 03 2 . 7 2. 38 0.26 

K20 4 .5 1. 82 1.00 0 . 8 1.3 <0.1 

I-!7. C 0.1 0 .1 2 0. 23 0. 2 0 . 92 0.3 

L, O. I. 0 . 77 1.1 5 0.63 2 .5 1. 46 3 . 13 

MnO 0.1 0.12 0. 18 0 . 2 0 . 18 0.2 

Ti 0 2 0.2 1. 1 2 1. 81 0 . 94 2.84 0. 2 

PZOS 0 .055 0 . 36 0 . 32 0.29 0 .63 0 .02 

TOTA L 99.75 100 . 06 100.32 99 . 44 100 . 4 100 . 08 

1. Bioti t e Granit e 3 0 Diori t e 5. Olivine Basalt 
2. Qua r tz Di orit e 4 . Gabbr o 6 . Pyroxeni te . 



... . -. TABL E 18 : Ave raee Va l ues 

of th e Pl u tonic 

fl ements 

in rrm 1 2 

Co 7.5 25 

Ni 10 26 . 25 

eu 90 216 . 2:: 

Fb 18.75 26.25 

Cr 5 60 

Mn 375 1537 . 5 

Ti 2000 38 25 

V 17.5 237. 5 

Zr 350 207 . 5 

Ba 56 75 675 

Me 0.85 0. 55 

1 . Bioti t e Gr an ite 
L. Quartz Dior i te 
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8f Trace Dement Cont ent s in p m 

ane. Yo unpe r Vo l c nic Rocks 

3 

31.66 

63.33 

160.0 

19 . 16 

196 . 66 

3333 .3 3 

4000 

308.33 

123 . 33 

1 33 . 41 

0 . 48 

3 , Dio rit e 
4 . Gabb r o 

4 5 6 

55 48 35 

150 11 2 14 .6 6 

95 1t1 8 23 5. 00 

10 25 18 . 33 

215 28 2 633.33 

3000 4200 4333.33 

3000 3860 56 .6 

200 82 4 166 . 66 

100 201 26.66 

2000 260 66 . 66 

0.5 1. 2 0 . 5 

5. Ol i vine Bas alt 
6 . I'y ro xenit 
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The granites have an a l~ost constant composition xce for 

K whi ch shows a ra th er hi ;:J,h var iation. , In t he v~riation diagr s 

the granites are p lo t t ed with la r ge chemica l pan aft r qu r tz 

diorite. The che~i cal data are in Rpreement wit the derivation 

of the gr anite from basic rocks involving separation a mafic 

minerals , p l apioc lases and apati t e . The pr esence of ch emical 

Fa in magmati c series has been demonstrate d by Wil li ams an 

McBIrney (1979). The ex i sting gap between the gr anite an th e 

other rocks does not contradict th e idea of the d riv ti on of th e 

granites from a basi c magma by c rystal frac tionati on . 

Gene rally the maj or eleme nt variation diagrams of the lu-

tonic rocks could indicate a probable ori gin of th TOC S rom 

one pa r ent magma through fractional crys t al lization. The Ii uid 

l ine of de scent shows a linked vari at ion which are co sistent 

co genetic rocks , r e la ted by crystal f raction ation to a common 

paren t ma gma or by parti a l melt ing t o a common source . 

The b asaltic rocks are much youn ver and are no t geneti cal ly 

r el ated wi t h the pl uto nic ro cks of the ar ea . However, th ey show 

more or l e ss simi l a r comnos i ti on with the Gabbroic - dior i t· c rock 

Mlen plotted on a lka l i-silica diagr am th ey show a transi tion al 

charact (~r is tic (Fi g . 42) . 

t ion coul d give a primary 

Thei r simil a ri ty i n chemical com osi-

clue? t hat th e youn ger basalt and he 

older plutonic rocks could have em laced in t he s ame t ectonic 

environment. 
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From t he trace e l ements deterrninert i Ni , Co , Cu a d Ph \oJ T C 

u cd to Dlot variati on di agr am a ~a in s t SiO
Z

' 

The Ni and Co con t ents a r e ve ry high in t he basic n 

when compared to th e low content of th em in the gr anit , 

The high con t ent of nickel drops ve ry sharply ( ig. 3) f rom 

Gabb roic to intermediate rocks and con tinues to fal l ' t h a v r 

gentl e slope from the intermedia t e range to the acidic rock 

Cobalt as that of Ni cke l decreas e but not as sh rp a t he la t . r 

onc (Fig. 4~). The ve r y sharp de creas e of nickel at ear y s t a 

is ue to the frac t iona t ion of ol ivine f rom t he agm . It 

sh arp e r than coba l t due to its h i pher value of fr act ion tion 

coefficient, k, which is de fined as 

K rPm I n solid whe r e 01 rOl :::: 

liquid KN i > PPm i n , co 

K fractionation coefficient 

01 :::: ol ivine 

The negat ive correla tion of both Ni and Co wi t h SiO Z are in apr 

ment with the previ ous proposit ion 0 the de rivation 0 the rock 

by frRctiona l c ryst a llizati on . 

Cu and Pb do not show any rep-ula r varia tion . Their con t ent 

is hi ghly variable es eci al1y in the basic and interrne i t e rocks , 
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2 2 Tri an gular Varia t i on Dia gr ams 5, • • 

Thcs arc d i ag r ams show i ng t he simul t aneous r I t ve 

vari at ion of three chemical paramet ers, and ar e w' dely an d 

usefully emr loyed in compa rativ~ s t udi es of ro ck suit 

Tw o tr iangular diaframs are co s t r ucted or t ~ l ut oni 

anc ef fusive rocks. Th e s e l ecte d paramete r s ar Na 20+ 2 ' 

Fc
3
0

3
t , MgO ~nd CaO. 

i) AFM Diapram: p- ot te d by using Na20+ K20 , 

ii) AC F Diarram: 

t Fe
Z

0 3 ~ and MgO (Fi . 47) 

t 
erec t ed by NaZ O+ K20 , ~e 2 039 

and CaO (Fi f . 48 ) . 

Both the diagrams clearly show the prevail ing chemic al 

gap among the granit ic anJ basic r ocks. The AFM diagr m, wher 

it is emp loyed fo r deffer ent i a tinp. th ol eiitic and cal ca l kal i n 

s r i es show tha t the rocks a r e trans it i onal i n composit -on bc tw en 

he thol eii tic and a lka l i ne rocks . Thi s r es ult i s typicall the 

same wi t h th e alkali-silica bina r y var i a tion i a ram ( ' g. 42 ). 

The followinr conclus ions can be drawn f r ow t he s tudy of th 

var iati on dia grams . 

1. The dif fer ent se r i es of intrusi ve rocks a pear t o av a 

probable comagmatic origi n and are formed b crys tal f r ac ­

tion from a bas ic magma . All pl ot i n a l i qui d l ine of e ~nt. 

2. Mafic ~inerals, plari ocl as e, and apatite ar e the rr.a i n para t -

ing phases during fr ac t ionat i on. The sh ar p ec r eas of h 
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nicke l content is due to s epa r a ti on of ol ivine a t early 

s t age; fo l lowe ~ by change o f sl oDe whe r e the fra c tionation 

mi ght be continue~ by pyroxe n es an d amph ibol e. 

Though t h e yo~n? b s al t is gen e t icall y diffe r ent from th e 

pl utoni c rocks, its simi 1ari ty i n mas t of th e oxi de compo-

s i ti ons cou lc indi C8 te a p rob ab I e r e s e ITlb lance of th e ori ginal 

magmatic material o f t h e pl ut oni c rocks wi th the b asalts and 

t hei r generation in the s a me t yp e o f tectonic environment. 

4. The a lkali-silica , AP,: and ACF variation diagrams pre f e r-

ent i a l l y indicate transitiona l composition between tholeiitic 

and alka l i n e ma ?mas . This f a ct is also subst antiated by the 

pres enc e of cr t h c:Jyroxenes wi thin t he b asalts . 

5.S Chemi c a l Comparison of the Residual Limonitic Laterite and 

th e It. as a l ts 

Fiel d occurrences, their feat 're s and re l a ti onships ar e 

discus sed unc.c r 2 .2.4. As it has b e e n e xplained ~ the l i moniti c 

l at eri t ~ i s a res idua l nroduct of t h e weatherin g of t he young 

ter ti ar y b asalts. The ir direct relationshin has been given in 

he Sket ch o f Fi f . 1 2 a s obs e r v 8c a t s outh of Andu Villaee. 

Their chemic~l c omn a r i s on i s r ive n in Table 19 and 20. 

values of t he to t a l sampl e s ana lyz e d fo r bo th the bas a lts and 

limoniti c l aterite s is given in Tabl e 13, 14 , 15 and 16 . 

The 
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TABL F I :! : Average Ch emica 1 Cornno s i tions (O xi ce , ',vt %) 

of resi dua l l i mon i tic la c rites and ba a1ts 

El CIli en ts 

('lit % ) 1 2 

Si0 2 
-1 (-) • 7. 15 

A 2°3 
13 . 9 13. 91 

Fe Z0 3 
t 14 .91 54 . 71 

CaO 8.84 0 . 4 7 

~~ ~() 7 • '-1 0 . 54 

Maz O 2. 38 0 . 1 

K
2

0 ~ -~ .L • .) 0. 1 

H2O 0 . 9Z 1. 54 

L. O. 1. 1 .4 6 11. 37 

HnO 0 .18 0.14 

TiOz 2 . 84 1. <J 2 

P205 0. 6 3 0 .44 

T a t a 1 100 . S 100.24 

n 5 7 

1 == Bas a ). t 

2 ::: Re s idu a l 1iJ~on i ti c l ateri t e 

n D Number cf samnl es 
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TABL 20: Averare values of trace elemen t contents in 

ppm of resi dua l l i mon i t ic lat er i tes an bas al t s 

H ement 

in rpm 

Co 

Ni 

eu 
Pb 

Cr 

!Vin 

Ti 

V 

'" L.r 

Ba 

Mo 

n 

1 

4 8 

112 

1 ·~ 8 

25 

282 

4200 

3860 

824 

201 

260 

1. 20 

5 

1 = Bas :} l t 

., 
L. 

42,8 5 

52.8 5 

89.28 

59.28 

71.14 

1271. 43 

238 5. 71 

26,00 

75. 71 

1.14 

7 

7 n .• 1 11·n.lonl·tic l ate ri te _ .- r,e SIGUa 

n = Number of sampl es 
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There is a 1, ide ch emical vari ;:p-ion be \oj 
h n" ( rn d 

basalt an ~ limon i tic laterite in a 1 ~n 
31 . h OX ] S '1n . c 

cle mon t Vc.d l H' S • The va ri j tion is mon~ un ed P C ] J i n 
th eir conten ts of 

a) Si0 2 : It i s about (' 5% in the 3.5 ] s ,n ( 5\ 'n h 

li monitic late r i t es, indicat i ng exc ss iv I e:) !-tin r 0 1; °
2 

r or 

the or igina l r ock . 

The to tal iron co _ en' 0 1C 

tes is by far rr rea t er than i n ;.'il sa 1 ts. The r j a c:\ l 

enri dlment in the iron content :lur -n t } e 1 ,< h'n! n 

s i t ion of th e bas ~lt . 

c ) Oxi des o f Alk ali and i 11'a1i f<1 h fl eJ"1cnt s' 

excessive loss of the s e oxires , name ly CaO, 0 , t :' 2 2 
during tJJG later i l izati on process . Thei r va l u 1 I ' ghc:r n h 

undecompos ed fresh rock. 

d) ~ ~ O an d L.O. I . : The wate r con t en of t h i. I U 1 

mat er ial is much gr eater t~an th fresh ba a l t . 

t he format ion of the l i mon ites wh i cl are h y~ r ox i d ~ of i on nrl 

requir e th e nresence of wa te r fo r the'r fo rmat i on . 

e ) The Ti02 content of the f r sh unwe a th e re~ r 0c~ i ~l 0 

'r 1" h ~ - Th 5 arne i s t T C f r (IS ea ~er In va l ue t an t J1 8 l ater l t es . 

but net th a t much map-Il i fied as comna r ed t o h a her ox 

1-

f) The re is no rlifference in etl e n r 1 ua l 

limoni tic 18 terites and fre s h b salts. 
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Th e trace ele~ent ge och e ~i s t ry s how nls s m 

spe c i a l) ? i n thei r contents of Hi Cr, ~; n, T' V, Z 

The r e is a gene r a l 0, ep l et~ on o f t he s e tra e e 1 me t s ' 0 

r esi clua l l imor.. i tic mat e r i a l when camp r ee \vith 

rock s. 

A va r i ~ ti o n diap: rarr "Tas m,.}e by us in r SiO 

CaO + M}~O ; as selected pa T~rne t e r s to show t he ir f 

composi t i on p ri or an d after decomp os i tion a t he b . 11 

(F i r . 49 ) . As it i s clearly s e en f r om th di(1,rrr n. .. th r 

exc "'s s i v( los s o f Si0 2 , CaO ~ and [p-O cl uri n f~ e t" j t ' z, on 

pr ocess , wh il e on the c on t r ary 't c an be S ' h1 

t tremendous e n r ichment of Fe l 03 . 

5.6 . S;es: ch e mis t r y of the I r on Bf' ari np Hori zon 

5.6 .1 Int r odu c tion 

Ma j or an~ t r ace elemen t ana l ys e s f or th . r pre t a . i 

simple s of t he iron formation we r e c a r r' e0 au n . ccoun 

the analy ti c a l work is riven unde r 5. 2 an B sa (1 c -

chemical ~a t a , an i n te rpretati on is pi en , or : 

a ) th e source of i rOYl anel silica, 

b) ge n e tic relations 11i ps amon !! t he r e co ni z d i uni 

c) t he probab le envi ronm nt of th e d 0 1 i on i n . 

Twent y six sampl e s were co] l 8ct e f r o 

Ch a go ~ wh e r e some of the sarnpJ eJ are from 1 

.hrce t r ch loe; ~ 

c of 
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hemat ite ore , wh ile the others are from the s o c 1 

quartzi tes . Two samples were taken from th e e t i at I 
TTU in ous 

on t 0 

iron ~ a t Wereka lu. All we re ana ly zed for both maj r nd r a 
el ement contents. 

5.6. 2 Majo r Flement Geochemistry 

The content fer the majo r zl ments in twenty rix sampl 

Cha go iron forma ti on are pr esented in Tables 21, 22 , n 23 . 

T~b l e 2 S~ f ives the range and mean values for each ampl tr nch, 

wh ile the over al l ran ge and mean value is pivcn "n T' 12Th . 

ave r age maj or e lement values for oxide faci s Ban en iron rms -

tion of t he L~ke Super ior an d Alpoma type, avera e 

(India) ~ i n terlayered tuff from Orisa, and avera 

r Oris n BI A 

for r kmen 

iron forma tion from Hamersl ey basin of Western Austral"J ar 1 0 

provi ded fo r comparison in Tabl e 27. Thes data em hasi ze h 

geochemical similarities and differences a~onp v ri ous 5 1m ntury 

and volc anic environments . Absence of carbonate f sili e te and 

sulphi de minerals in the Chago iron formation is cl arly r e 

in the chemical analyses by complete absence of CO 2 and S, 

the low val ues of SiOZ ' CaO and MpO. 

The chemical data agrees with the petrop,raphic stu y 

nd 

rform d 

on both thin and po lished sections. There is only one notrtbl 

eXception for samDle 29, near Chapo which exhibit ban in of 

iron toge th er with barite and quartz. This samDI within 10 

Ii ze d portion of its barite~ the re is some occurrenc 5 ul h" c 



- 9, -

TABLE ZJ: o r Element Contents of ~ e tit e -h er:::3 t ite Lenses f ro C! Tr ench - :2 

Fi e l d 

No . Si02 A1 70_ FI:2u3 reu Fe20
3

-- .) CaD .'Igu Na 2u ~o H2O L. O. r MnO 

T - 1 4 . 0 3 . 5 79 . 71 11 . 79 91. SO 0 . 1 < 0 .1 0 . 1 0 . 1 0 . 3 O. B 0 . 1 0 . 14 0 . 0 
3 . 0 2 . 4 73. 66 20.24 93. 90 0 . 5 <0 . 1 0 . 1 0 .1 0 . 2 <0 . 1 0 . 2 0 . 64 0 . 23 

3 3 . 0 1.3 75 . 49 1 7 . 51 93 . 00 0 . 8 < 0 .1 0 . 1 < 0 .1 0 . 2 0 . 4 < 0 .1 0 .1 2 0 . 16 
4 4 . 0 1. 2 B1.17 11.62 92 . 79 0.1 < 0 . 1 0 . 2 0 .1 0 . 2 0 . 4 <0 . 1 0 . 10 0 . 16 
5 3.0 2 .1 B4 . 26 5. B 90 . 06 2.4 0 . 2 <0 . 1 , <0 . 1 0 . 4 2 . 3 <0 .1 0 .1 0 0 . 16 6 1.0 0 . 7 94 . 76 2.2 96 . 96 0 . 6 < 0 . 1 0 . 2 <0.1 0 . 3 1.3 < 0 . 1 0 . 03 0 . 03 7 2.0 0 . 8 90.1 5.8 95 . 90 O.B 0. 2 0 . 1 <0 .1 0. 2 1.3 <0 .1 0 . 04 0 . 01 8 4 . 6 2 . 2 75.93 10 . 03 8 5. 96 0 . 6 . <0 .1 <0.1 < 0.1 1.2 5 . 5 <0 .1 0. 06 0 .1 5 9 2.0 1.2 89 . 42 5 . 28 94 . 70 0 . 1. <0 . 1 < 0 . 1 < 0 . 1 0 . 3 2 . 1 < 0.1 0 . 06 0 . 05 



"-jor 5 0 0':5 

,~~o . Si02 " ... ., - rc.,u_ teo Fe
2
0

3
- CaD - .) - .) 

T_-l 19 . '1 9 . S 59 . 96 < 0 . 09 59 . 96 < 0 . 1 < 0 . 1 0 . 0 <0 . 1 .l . G t>:2 0 . '1 0 . 50 O . 
.) 

10 . 0 J . ..l 69 . ..: 3 11 . 0 80 . 43 0 . 7 0 . 2 0 . 1 0 . 1 0 . ..) 2 . 3 <0 . 1 0 . 20 O. 
1. 0 9 . S 58 . 9] 0 . 1.9 59 . 76 0 . 3 0 . 2 0 . 1 0 . 2 1. 0 6 . 9 <0 . 1 0 . 32 0 . 1 
6 . 0 14 . 8 49 . 02 0 .44 49 . 46 <0 .1 <0 .1 < 0 .1 <0 . 1 1.3 8 . 2 <0 . 1 0 . 5 

5 8 . 0 4 .8 77 . 25 0 . 6 77 .8 5 0 . 3 < 0 .1 <0 . 1 <0 . 1 l. l 7 . 4 <0 . 1 O. 
. 6 16 .8 43 . 97 0 . 35 44 . 32 0 . 3 <0 . 1 <0 . 1 <0 . 1 2 . 1 12 . 2 <0 . 1 0 . 511 O. 

1. 6 12 . 9 53 . 96 0 . 84 54 . 80 0 .1 <0 .1 <0 . 1 < 0 . 1 1. 3 7 . 4 0 . 1 0 . 5 
8 25 . 0 13 . 8 45 . 79 0 . 6 46 . 39 0 . 7 <0 .1 < 0 . 1 <0 .1 2 . 0 7 . 9 1. 7 1. 
9 12 . 0 8 . 9 69 . 29 2 . 2 71. 49 0.1 <0 .1 <0 . 1 <0 .1 0 . 7 4 . 9 0 . 2 0 . 28 

10 2B . 0 15 . 5 44 . 5B 0 .1 7 44 . 75 0 . 7 0 .3 0 .1 O.B 1.1 7 . 6 < 0 .1 0 . 80 0 . 04 
11 21. 0 7 . 5 56 . 3 0 . 6 56 . 90 0 .3 0 .3 < 0 .1 0 .9 2 . 0 9 . 9 <0 .1 0.38 0 . 22 
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TABLE Z. 5 Ma jor Element Conten t s of the Iron Bea ring Hori zon from Trench _ 

Field 
No . SiO_ ALO Fe20

3 FeD t 
Ca D Na

2
0 'S O ~O L. O. I. Fe20

3 I'lgU f'tnU Ti0
2 P20S 

T -1 6. 0 3 . 2 73. 32 16 . 54 89 . 86 <D . 1 <D . 1 <0 .1 <D . 1 0 . 3 0 . 3 < 0 . 1 0 . 08 0 . 1 
4 

2 7.0 1. 6 82 . 52 7 . 56 90 . 08 0 .1 <0 . 1 {) .1 .v . 1 0 . 4 1.1 <0 . 1 0 . 10 0 . 08 
3 8 . 0 3 . 5 71. 91 12 . 3 84 . 21 0 . 2 <V .1 <V.1 <V . l 0 . 5 1.9 0 . 4 0 . 12 O. 
4 10 . 0 3. 0 76.54 7 .3 9 83.93 0 .1 <V.1 <V.1 <V .1 0 . 5 1. 6 <0 . 1 0 . 14 0 . 08 
5 7. 0 3. 2 77 .19 9.15 86.34 0.2 0. 2 <V.1 <0.1 0 . 6 1. 6 <0 . 1 0 . 08 0 . 09 
6 4.0 3.5 76.49 14 . 26 90.75 0 . 2 <0.1 <0.1 <0.1 0 . 4 1. 0 <0 .1 0 . 06 0 . 14 

TABLE 24-: Maj or Element Contents of Magnetit~ l:i emati te Ore from Wereka1u 

52a 6.0 1.3 n.d. n.d 87.42 . <0.1. <0.1 . <0.1 <0.1 O.S 4.1 < 0.1 0.26 

52b 8.0 3.7 n.d n.d . 85.22 <0.1 0. 2 0.1 <0.1 0. 6 2 .1 0 .1 0 . 23 

n . d = not determined . 

.. 



00 

lS: Rang rape Cher:ri Comnosi ti ons (0 xides , ~~' ) of t he Iron rin g Trenc 
s 1es 0 Ch o nd Limonitic Laterites 

El emon-t ~ T3 ' 4 

1 ? 1 2 1 ~ 1 
Si0

2 1-4 2 . 95 8 - 26 19 .5 4- 1 0 I 11-1 9 1 5 
AL?3 0 . 7 - 3.5 1. 71 4 . 4 - 1 6 . 8 10 . 76 1. 6T 3 . 5 3 10 . 1 - 20 . 3 13 . 91 
Fe

2
0

3 73 . 66 - 94 . 76 82 . 72 43 . 97 - 77 . 25 57 . 14 71.91 - 82 . 52 76.33 n . d n .d 
FeO 2 . 2 - 20 . 24 10 . 03 < 0 . 09 -11 1. 6 7 .56-16.54 11.2 n . d n.d t 

85.96 - 96 .96 92 . 75 44 .32- 80 . 43 58 . 73 83. 93 - 90 . 75 87.52 4 1.18- 60 . 8 54.71 

Fe2 0
3 

I Ca O 0.1- 2 . 4 0. 66 <0 . 1 - 0.7 0 . 34 <0.1 - 0 . 2 0. 15 0 . 1 - 1.8 0 . 47 MgD <0.1 - 0. 2 0.12 <0 . 1 - 0 .3 0 .15 < 0 .1 - 0 . 2 0 .11 0.2 - 2 . 2 0.54 Na
2

0 <0.1-0. 2 1 0 .1 2 <0.1 - 0.1 < 0.1 < 0 .1 - 0. 1 <0. 1 < 0 . 1 - 0 . 2 0 . 08 r 0 <O.l- ID .l <0. 08 <0. 1 - 0. 9 0. 24 . <0 . 1 - 0 . 1 < 0. 1 <0 .1 - 0 . 2 0.07 
'2 

H
2

O <0.2-0 . 4 0.36 0 . 3 - 2 1. 31 0. 3 - 0. 6 0.4 5 0.3 - 1.9 1. 54 L . 0.1. < 0 . 1 - 5 .5 1. 57 2 . 3- 1 2.2 7.53 0.3 - 1.9 1. 25 7 . 6 -13 . 6 11. 37 MnO < 0. 1-0.2 0.11 <D.l - 1.7 0.28 <0 . 1 - 0.4 0 . 15 < 0 .1 - 0 . 5 0.14 Ti02 0 . 03-0.64 0.14 0 .2 - 1.72 0.43 0.06-0.14 0 . 1 1.5 - 2 . 41 1. 92 P2 05 0.01 - 0.23 0 . 11 0 . 04 - 0 . 35 O.fS 0 . 08 - 0 . 27 0.13 0 . 2 - 0 .87 0 . 4 5 
n . d = not determined , 1. Range o f values , 2. Average values . 



- 101 -

TAB LE 26: Range and Av e rage Chemical Co mp ositi ons (Oxides. wt\) 

of all the Trench I ron Beari ng Sampl es . 

El ements Range 

Si0
2 1- 26 10 . 9 

A1 20
3 0.7-16.8 5 . 83 

Fe 2 0
3 43 . 97- 94.7 6 70 . 42 

FeO <0.0 9- 20. 24 6 . 74 

Fe 203 
t 

44.3 2.,. 96.9 6 77 . 1 5 

Ca O <D .1 - 2 .4 0.4 

Mg O <0.1 - 0.3 0.13 

Na 2 ° <0.1 - 0.9 0 . 1 

K
2

0 <0.1 - 0.9 0.1 6 -.J. 

H2 O <0. 2 - 2.0 0 .7 8 

L . O. 'r. <0.1 -1 2. 2 4 . 02 

MnO ~<O . 1 1. 7 0 . 2 

Ti O
2 0 . 03- 1. 72 0 . 31 

P 2 °5 0 . 01- 0.35 0 . 15 
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TABL El7: Major Element Contents of Iron-formation of Chago-W r ka lu, W 11 a 

and Lake Superior and Algoma Type Oxide Facies BIF 0 Canad d 

Others 

1 2 .. 3 4 5 6 7 

Si 0
2 

1-26 10.9 47.20 50.50 47.02 30.04 4 47 . 57 

A1
2

0
3 

0.7·,-16.8 5.83 1.39 3.00 0.70 26.83 0.4 o. 

Fe
2

0
3 

43.97-94.76 70.42 35.40 26.90 44.16 n.d 24. 7 . 

FeO <0.09-20.24 6.74 8.20 13.00 8.28 n.d 17 . 1 14 . 47 

Fe
2

0f 44.32-96.96 77.15 44.50 41.10 50.00 29.02 4 43 . 

MnO < 0.1 - 1. 7 0.2 0.73 0.22 0.06 0.69 n. d n. d 

CaO < 0.1 - 2.4 0.4 1.58 1.51 0.17 0.42 1.4 2 . 17 

MgO < 0.1 - 0.3 0.13 1.24 1.53 0.13 0.09 2. 5 . 47 

Na
2

0 < 0.1 - 0.2 0.10 0.12 0.31 0.10 0.01 0.1 . 23 

K
2

0 < 0.1 - 0.9 0.16 0.14 0.58 0.13 0.14 0.1 .1 

H ot 2 < 0 • 2 _ 2 • 0 O. 78 1. 30 1. 1 0 1. 94 1 0 . 44 0 . 57 o. 

P205 0.01- 0.35 0.15 0.06 0.21 0.07 n.d 0. 25 
O. 2 

0.00 1.10 n.d. 5. 1 4 . 9 

O. Q2 0.29 n.d 

n.d n.d 
n. d . 07 

n .d = not determined; t = total 
1 f Ch 1., alu iron - orma ion 

. Range '-" of major element contents rom a O-n r 
2 . Average of major element contents f r om Ch a o-her ka lu i ron- or ion 
3 . Av erage Lake Superior oxid e faci ~s BIF 0 ( r os s , 19 0 
4 . Average Algoma oxide faci es BIF 0 j ab1e 3 , p . 26 ) . 
5 . Average Orisa BIF, India 0 (Maj wnd r, t.a1.,1 9 ,Tabl 1 , 11 0) . 

6 . Inter1ayered tuff from01i sa 
7 & 8. Brockman Iron _ format ion, Ham r I't' Tn Au t ral ia 

Urenda 1 and Blockl ey , 1970 , T 13 

-------~----------------------------------~~~~~~~~~~~~~~. 
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)0 coen t C..,. o s ( .) 

So. s. __ 
. 0 . 1. JltnU Ti02 P2'OS 

A- 20 57 . 0 20 . 7 10 . 15 0 . 1 1. 0 1.1 1. 9 0 . 3 5 . 2 < 0 . 1 1. 86 0 .13 
56.0 18.2 13.44 0 . 1 1.'; 0 . 6 u 1.1 0 . 5 5 . 3 0 . 1 1. 82 0 . 3 

SIb 61. 0 15 . 9 12 . 08 < 0 . 1 1. 0 0 .8 1. 6 0 . 4 5. 0 <0 . 1 1. 65 0 . 0 
18 63 . 0 14 . 2 11 . 07 0 .3 0 . 4 0 . 7 1. 6 0 . 5 4 . 9 <0 . 1 2 . 20 0 . 18 
53 54 . 0 19.1 12 . 72 0 . 2 2 . '; 0 . 5 3 . 1 0 . 4 5 . 4 <0 . 1 1. S1 0 . 10 
81 60 . 0 16 . 4 12 . 0 0 . 1 1.5 0 . 6 2 . 2 0 . 2 5 . 0 < 0 . 1 1. 85 O. 

TABLE .29 ~lajor Elemen t Contents of Lithic -Areni t e (Wt %) 

A - 3 60 . 0 19.8 9 . 58 0 .1 0 . 4 1.1 2.0 O. 7 5.2 <0 . 1 1. 70 0 . 0 20 60.0 18 . 4 10 . 49 0 . 3 1. 6 0 . 7 1.6 0 . 4 4 . 6 0 . 2 1. 86 O. 73 58 . 0 17 . 3 13. 08 0 . 7 0 .3 0 . 4 0 .8 1.2 7 . 0 <0 . 1 1. 40 0 . 1 26 56 . 0 22 . 1 9.44 0 .5 1. 0 2.1 1.9 0 .3 5 .1 < 0 . 1 2 . 0 0 . 38 35 56.5 20 .3 11. 79 0 .1 1.2 0 . 8 1.1 0 .4 5 . 2 < 0 . 1 1. 32 0 . 10 
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f BLI 30: Rang ~ and av r 
h nic nl Com os j j o s 

(Oi - , wt I) of h un Z IJIUSC C 

se i c it - SChist 

Ele c n t ge 

SiOz 54 -63 58 . 
A1z03 L . 2 -2 . 7 1 . 12 
FeZ03 

t 
0.15 - 3 . tJ 1. 9 

CaO < 0.1 - 0 . 3 . I 
M :0 0. 4 - 2 . 4 1. 28 
NazO O. S - . 72 
KZO 3 . .92 

H ° .2 - . 5 . 33 2 

L. 0 . 1. 4 . 9 _. 
5 . 4 . 13 

MnO < 0.1 - < 0 . 1 

TiOZ .51 - 2.2 2 

P205 0.08- 0 . 38 0 . 8 
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TABL E 31 : Rap. ~c - n ave r ag che i n1 c m 0 i j on 

(Oxi " %) of t 1 c a s 

Elem n R r are - --- H 

S'O 
2 

56 --6 5 . 1 

A1Z03 17 . 3- ZZ . 1 1 . 5 

, e Z0 3 
t 9. 'H - 11. 7 . 87 

CaO 0 . 1 - 0 . 7 0 . 4 

MgO . 3 - 1. 2 

Naz O 0 .4 - Z . 1 1- 2 

I' 20 . 8 - Z . 18 

HZO 0 . 3 - 1. 2 . 6 

L . O. 1. 4 . 6 - 7 . 42 

MnO < . - 0 . 2 1. 2 

TiOz 1. 3Z - 2 

PZOs 0 . 04 - O. 8 O. 



° 
Howeve r ~ such striking f eatuTes ar ( 1 ' ssed in Ch te r 2 
unde r 2 . 2.5. 1. 

At first f l an e , dat om Ta , po n s ou t h h 
rar, ge of variation differs for tl:'c d°-!= I . re n ox i d T 

na tt ern obse rved is t hat Si02, 120 y F ° an r Os cont n s 
wi der va ri a tions than CaO, 1 ° ,laZO , 2° nO a d TOO c n n c: 

2 

In order to shed li ,ht both on t a~c n type o f h h 0 

iron forma tion , a vi ab l pproa ch ° o 0 a r t h 1 

obtaine d wi th tlos e differe t i ron orma on lO ch cT Tort ( 

In literatur es. 

As pub lished by ross, c t . a (1 80) 

and F20 3 in Al ~oma oxi de f ac i s r a r ns w 

as in the La ke Superior oyi aci s . 

Table 3Z, 33 , and 34 how th ompar son of h 0 

Algoma and Superior tyr I i t h thAt of h 0 iron OrTPCl on 

(the cl iff ,r ent tr nch sampl s re u e ) . 

TARL ° 32 : Comp ri s on w h Tr nch - Z Sar.p 

Element Charo rna 

Al Z03 1 .7 1 . 3 3. 

KZO 0. 08 0 . O.S 

Na20 . 'l. 0 . 2 .31 

20S O. 1 0 . 0. 
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It i s obse rved that th e ave r a e vR1u s fo r A1 Z03, N 20 ' 

of Al goma oxide f acies i s two f ol d hi rh r than h Ch tJ go r on 

Format ion, anet th at th KZO v 

excc0di ng from Chapa format ion . 

aT Ipoma 5 bout 5 ven- a d 

il e rn. 

A1203 ~ KZO, Na 20 and F2 5 of oJ up TO ' BI a T rna 

l nr with th e Chago iron fo rmatio 

The 

NaZO ar e 

TABL 1. 33 : Compar' son wi t . Tr "nch-

A Z0 3 

KZO 

N' ZO 

PZ OS 

t able r oints 

two and t hr 

10 . 76 

0.24 

0. 9 

out th 

e - f o d 

. 39 

0 . 1 

0 . 2 

0.06 

t n A p"orna a 

en .c ert corn a r , • a 

A 

respective ly; whi1 PZO. conte ts do no how any 

diff f:: r enc . The r eve rs e occurs or 2° 3 
h' ch 

enriched in Chago s amp l s; t hu - k 1 u ge n 

sampl e s cou d conta in s am amoun of iu i na 

usa 

T '5 mi -

g na 

3. ° 
O. S 

.3 

.21 

n 

1 > -

. n 

h - fol 

th t h a r 

cat m ne r a l 

th Cha a arc imi 1 rlT 
The KZO and NaZO conte t 

wi t h the sup rior B IF ty v. e eas th e )\1 2°3 <lnel ° on n 

of t he f orme r sam 1 5 a r e t n an hrce-£o r e r t h n h 

conten ts of the lat er r~s ect v ly. 

Da t fo r th sam l es f om Tr nch - aT ' li d n T 
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Tj\ L I 34: Co mnari s on wi h Trench-

El ement Ch ago Sup riOT 

A1 Z0 3 3 . 0 1. 39 .0 

KZ O 0 . 1 0 . 14 0.5 

NaZO 0.1 0 .1 2 • 3 

PZO S 0.13 0 . . 21 

As dis pl ayed by the abo v 0 da en 5 TV 

th at t he oxi de cont ents or go rn a r ' f J. h 

shown by t rench- 4 sam 1 11.1 2°3 on n IV v . ar , 

comparab le for both loc , l 't e Th 11 n :) ° of 
2 

trench · 4 samples a r a l so 1 ss th an h '5 l' rio 0 c . , , 

whereas the Al Z03 and F20S 0 t n 5 0 Cha, 0 h ) 0 

forma ti on exceed th ~ t of t he uperior I 0 h 

ing di fference i n va lu 5, t 0 1 5 of a 20 
fo i ' 

PZ OS of Ch a!!o is closer to t h S ri or h h Al 0 

oxide faci es. , . 

It is worthy to not e t t 11 a 0 T 1 

~ 

two- f ol d Fe- enriche wh en com T d w h iron on T' on 

repor ted in Table 27 . At C go, 10 Such 

featu r e is more ev 'd t fo h m n -h n 

re view of th ublish ed da a r V I s in C ago m '0 
2 

is abou f iv - fold d le t ed than h cla ic 1 an i on or 

ti ons. 
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Al Z03 con tent of Cha go samnles is Tn h r hi gl, eS , nc ? l y 

those collec te d fro~ trenc - 3. Per e th saw 1 u e 

by ferru ~ i nous sedimen ts which ar e ri cher i cl aye m't rinl hln 

th e maEneti t e- hematite l ens es. Th sam l es om t nc-Z 

(magne t ite -hema tit e l enses ) a re qui t com , r able n Ilc · r A1 Z 

cont cnt~ with th e Superio r oxide faci es BIF. 

CaO and ~Ji gO cont ents are h·phly de I e n t \ n 

Cha go as compar d with oth r BIF. Such a f a r , l i 

indication t hat the iron f o mation of Ch 0 i c i 

free . 

The va lue of th e t hre com. on en A 2°3 ' 
. zO and ·0 , 2 

Ch ago Iron formation wh Jl1 lot t ( n ~o ri 

diagram (1966 , Fi g. 50) e outs i e th 0 pr am 

Banded iron fo r ma tion ( <i g . 5 ) . ch b hav·or du' 0 

extreme low s i l ica and hi gh e 203 con n Th i 0 c i 

by th Ch ago :'ron for at on i s sim a to ha t 

cambri n a .d pos t Frec mb r·a iron or ma on an on 

pos t Precamb rian iron form t · OD (Fi . 50 5) . 

existence of some undiff ent· t ed b·o nh roi 5, h ion 

of Ool·t ic iron formatio n i5 rll dot ~ r 11 

The Toblem of the iron orm~tion c~mh T· n or 

camb r ian is attemp t -d to b olve ns ring oth r 1 C 0 

Lepp and Goldich (196 ) hnv iv n a cor:: 1ris w 

chemi c 1 co .posi ion 0 Pr ec iH ,h in on no Pr c~ r n r n 

fo r mati ons (Ta 35) . 

of 

of 

rln 
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• Banded iron formation 
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o Oolitic iron form otlon 

Po.t - Precambr ian 

CD Recent 10 e on d ball iron formation 

.A L oter it, and bOul l te 
~ Sedimentary ro cka and recent Itd.m,n" 

E23 Bond d iron formotion f i.ld af compolil l o
n 
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~ TARL E 35: Compar i s on a he Chern · cal CoJTll"lO it ion a 

and -os - r carmr · an TO -fa on 

Precannri::m ros 
Ave r ape Range N .Samr e 

Total Fe 27.8 17.1-44. 2 

Si02 42. 9 7 . 3":()4 . 6 

A1203 1. 6 0.03- 13. 93 

CaO 

MgO 

MnO 

1.5 0. 0 -10. 48 

2.8 0.04- ]1 . 22 

1.0 0.01-5 .0 

0. 26 0. 0 - 4.02 

0. 15 0.0.2-0. 53 

0. 40 0.01- 3.05 

S. l 0. 10- 31. 56 

2.5 0.05- 9. 29 

LOIN cont ent s of AlZ03, Ti02, 

J 58 

158 

148 

148 

108 

87 

37 

57 

4 

. 7 

2 5 

29.0 

2. 

c . l 

J S.2- 7.~ 

~ . 5- SI:. 7 

0 . 24-1 . 

14 . 3 0.10-33.0 

2 . . O. - 7. 

0 . 34 O. 2- ] .. 0 

0 . 86 0 .14 -2.2 

0 . 45 0.17- .'1 

]. 11 0. 58-2.s t; 

7.8 . 50-30.32 

4.7 o. 26~· . 1 

d CaO char cter·ze th 

i ron f ormation comp ar ed to the t v 1 ] ;U j7 moun 

cons ti tuen ts in t he pas t 'Pr e cam rian iron 'a ·ng sedjrn 

As a who1 t he Pr cambri an ron forma ons a cha r c e 

th e ir hi gh cont ent o. sili e C n uar z 

gan ue cons t it u n t s , and h vc r ap on cnt of Si02 i~ 

op os ed to an ave r ag of 13% or he yo np r iron a m" 

I its i i a on en t 10 Ch a a i on f TIn i on ho'" 

o 

S 

57 

8 

12 

5 

31 

73 

f 

n 

on . 

c l 

f 

il 
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f' roxi roi ty to t he ,os t re amb 'an 'ron for < ion. h~ 11'0 

~ 1m TInn . striki ng chemi cal d'f er cc between rr ' r -

c can n camb ri a~ i ron f ormat .ion ,_'5 ' C ° ha fo r t fo r 

formation avera ~ inp 1 .5% while i n on r ast f J n t 

formatio n . ence, owin p to the aO cant n of hapo ' orm'-

tion (0.4%) a Pre cambrian ag, c b i nff r e 

Lepo and Goldich (1 964) report th i rit)1 I io f i 1 i c 

and the grea t differ n in C ° c ~n a r ccam ri o n po 

Precambe rian iron for r- ai io . i g . 52 . Th , u h a h'1 10 

the pe r cen t of Si0 2 an CaO + Mr ftP:il' ns 

(Fig. 53). 

n 0 o .' 1 ;\" I 

Furthe r lmp or ant di ffe enc f.) s b n 

iro~ forma tions a r c th low A 203 a d 2 

t e r i ze the older iron f ormat ' on . TI ilV it 

th e Prcc a" brian iron fornation is 1. )%, wh 

cambr i an i s . 1 %. Th e ove a l v r C' 12 

r~" rlnn nn Y un 

n h chil r c-

1 20 co t n f 

a thr 0 r 

can (' fo Ch Il 

iron f or ma tion is . bout 6%. This {ipur i Q t a i h 

post Prec mbrian iron forma 
n. Ly can 1 . rjn ,he v r 

content fe r th e mafl tit - hematite len 5 f am Ch a 1 -2 

the va lue ,. (1. 7 % ) is ln s trorlf! f' r "cmen wi h h:lt a th 

bri n iron format ion (1 b le 32). 

The PZ05 con ten fo Prec ;} .br an ron orma ion 1 10 

inl5 0.26% pared to th ave r 1.g lue of 0 , or Pr c 
co 

rian formations . The average 20S can f r he C 0 iro 
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form2.tinn is 0 . 15%, t hus clos to the ave r $! U t h Ir 0 -
cami:J r i::m iron forma ti on . Fu he r - ITlOre he a1 of th. h 

cor.:pone:nts of tot al Fe, CaO+MgO nd Si of Chugo n plo 2 
in the Lepp and Go1 di ch t ri .:m ,ul ar d'ap am ( p-. 5 ) Y l' • 

out s ide the fiel d of batt- Pr r.:: c arr bri an and 0 P r. m r' :ln ron 

form::l.t ions. But they show ~ ma r or l cs close prox m't h 

F'rccamb:rian ci.rc l e (Fig . 55 ) . 

Apo..r 1:: f r om the ah ove ment' on d t -r nary di a r ams
l 

U 'n om 

of t he maj or oxides and t r a ce e lements he au hOT h'lS m d v r ou 

r unlen 0 trialigul'r variat ion diagrams in ord .r a r oaden h 

det c rmininp t he age and typ e of th · Charo i ron .or o h r 

with the Chaeo ?nd v r ' ous BI'~ th r es 'du moni 

wh 'ch as been di scuss d urid r 2 . 2. 4.2 wa plo t d i or r r, 

v1.rious indi cati ons it could pos ibly o f e r. 

a ) ['205 - Na 20 - .1<' 20 di agr am T 10 te ar c disp r d h 

some degree of ali r nme t ', bo C> the 5~ ['2°5 can t ( . g. 5 ) , 

The averag0 value of the Al _omu, ur e r or an ° i5sa d 1 on 

formations li e within 25- 15 % of [205 0- ~ 20 nd 2 - 0% 

On the othe r hand t he average valu of ha ro nd th t 0 avail-

ab l e data f or the Brockman i r o ormntio from Harre rs] ~y a~ n 0 

West rn Austra l ia f all wit i n 35- 01 of 1205, 20-30% K n 

Na 20. The praph poi nt s ou t a stron y b t\ . n h eha 0 

and Brockman iron ormations wi th res c ohm ntionC' 

meters. The diff rene i n cont n 5 a thes e 0 ide 0 ha 0 nd 

the other Ban ed iron format' n i not \ i e , 5 cit lly h a 

con t en t. 

\ 
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The res i dual l i moni t ic late r it e xh"bits ower (120 2° n 

and higher fZ0 5 content with r espec t t o th i ron orma j ons . 

b) Al 20 3 - PZ0 5 - CaO diagram : Th e vari ous av ra ~ . plo c 

used 9 t he Chago i r on f ormc.ti o11 9 a d th point s 0 he re. 'dUAl 

limoni t i c 1 te ri te c l us t er along the l in . Al
Z
0

3 
- aO, h s rly 

indicating a low f 205 content (Fi g . 57) . Bo th 1 CD br' n 

and post Pr e cambri an iron f ormati ons plo t t ed ar e d'~l 

while the ave r age val ue for CaO of post Prec ambr i , n and r o 

5 

i ron forma tions j s ve ry hig com, a r ed to the 'ha 0 on form i on. 

format i on is ve ry s i milar with t hat of Or i ssa Band r or m -

tion, wh i ch from a ch emical stand Do ' nt r escmb 5 n an c 

the superior band ed iron format ion ( j Ul"ldcr , La . , 9 8 2) . 

The residual limonitic I II ' it aope r - 0 be " 1 au a 

Chago forma t ion which is h : h ' n A1 203 a d very ow in 205 nd 

CaO (Fig . 57) . 

e r e he oin s are clus 

a round t he central part of the grnph wi th a r r nti al cone n-

trati on t owards the Ti OZ sid ( 'i f! . 58). 

The P2 05 cont ent of t he P ') amb ian ron form ion Ul 

comparab le to tha t sh01vn by tIe v ra o valuo of th Chafo i n 

format ion. Thou gh not di gnostic h valu a aO rmd Ti 

approach the Pre camb ri an i on rmation an 

i r on forma tion . 
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Th e r es idu a l limoni t i, late r i t app a r s to b TiOZ - , r'dlcd . 

Its P20S content is similar t o that f t he iron forr.~1tions .. 

d ) A1 20 3 - P20 S -- Ti OZ di a gram: Al mos t a ll th · l otte a r 

c luste red wi th i n 90 - 9 5 % A 20 3 an 5 ~ of f 20 an T'02 (F i r . 59). 

The dia gram is no t d' apDos I C t o how 1y ' at 'ons nm n p 

diffe r ent iro foYm at i ons . 

5 . 6 .2 . 1 Ca O/ gO r a t 0 : L 'pD nnd 0] , h ( 9 4 h v u h . 

CaO / MgO r a tios to r on t .' at· h i. on fo r m ns f om d i 

ap.c s TABL r 36 ; yon m i 

Are ("vel r ~ g 

py cam rin 0.5('1 0 , 00 - 2. 2 

.1e o zo c d . 0 3- 19 . 2 

Me so zoi 8 • . 0 , 62- 7 . 0 28 

TABL I 37 : yon fonH t i on 
u 

Ar e a Ra npc 

C apo 3. 02 1- 2 2 

We r -alu 0 .4 0 , 25 - 1 2 

From Tabl e s 36 and 37 , it is :l t nt ha thC' 

r a t ios fo r Chago and Wer kalu ~re mo r e s'mi l r hat a 
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iron fo r,1 a ti on th an Pal eoz oi c a.nd Mes a zoi c i ron f ormat i ons . 

5.6. 3 Tre ce Element Ge ochemis try 

The trace e leme nt contents ir.. twe ty s i x saJTlp of Ch 3r o 

iron fo rma tion a r e shown in TEhie 38, 39, and 40 . 1h r Jn an 

average cont ent s fo r each trench s amnl es ar given n Tnbl 2, 

and the overa l l ran p.e and mean value or a 1 h· trench 5 ar 

gi ven in Tabl e 43 . Com arat ' v ra p.e o' r 

of ElF fro m diffe r ent arts of he war) a n n 

alon g with Chago iron arm t ' on . 

As shown by Taylor 19 S h f c , ' m n n 

min ,' a s tructurcs ; ,. $! v ' rn 1 no n y by In ') or UY0 ti n 

bu t s l eo n l u n eel b c p ' o h -n ' 'nvi r Ollnl ~ t. h r fo r 

p es ,fLce or d f' c'c c 0 SOT!1~ n t h t r s l ~ II 'T t ~; n h 'm . 

ira format ion a iTl i f1 t l::: r oc r,l Y ~"i '" 

inte rpr ~ , t he hy co- ch m cal co d' io 0 h si on 1 n 

and to pr ed'c t t he pro Clb 5 r c of m r 1 

Some of the t ace ) (, men 5 0\ W e va r 'at i on amo r "I h 

Co~ Cu? Mn, Ti n can be s i whi l ~ a , Cr , Zr 0 ::1 
, 

narrow r anpe an low va ue . 

T cont en t of Ni i i pneo 15 r o , S () t o 2 0 o 1\ , 

e 8vera g 

(Ros l er nd Lan Ve , 19 72) . It is r e ca l d h'l n 

the Cha go iron fo rma . ion, I i. i s much 
v or 

rocks of if or i gin. T ~ anI x cp io 1 t ' .0 ano l ous ' i 

eous 2 

o f of th m f ne 'itc -h ma 1 l en 5 > \.: ') T i 

con tent s ome 



-

- 126 -

TABLE.;": Trace Element Contents in PPm of Magnetite Hemat it L n 

from Trench - 2 

Field 
No. Co Ni Cu Pb Cr MIl Ii V Zr 

T -1 2 120 40 220 30 2000 1000 30 3 

2 70 50 240 20 700 700 0 

3 85 45 220 20 n.d n.d n.d 5 

4 40 50 90 20 200 200 200 

5 55 100 190 30 n . d n.d n.d 

6 55 80 185 20 n. d n.d n.d 5 

7 60 75 140 20 100 20 20 

8 185 70 1520 30 70 50 50 

9 65 30 480 30 150 100 100 5 

n . d ~ Dot determined . 

n.d 

n.d 

n.d 

. 5 
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TABLE 39 : Trace Element Contents in PPm of the Fer~.ous ~ 
from Trench - 3 

Field 

No. Co Ni Cu Pb Cr Mn Ti V Zr Sa 

T3-1 90 59 680 30 30 2000 1000 50 20 1 

2 60 40 680 30 7 500 1000 30 5 1 
3 95 40 1480 35 n.d n.d n.d n.d 
4 50 30 520 30 3 70 100 20 5 2 
5 70 45 600 35 200 200 5 O. 
6 35 40 520 20 70 200 30 5 1 
7 55 ' 45 520 30 3 150 500 50 5 150 ~ I 

8 220 30 580 35 3 5000 700 30 20 1 

9 65 30 400 40 1000 500 20 10 1 

10 35 30 680 40 30 150 300 50 5 2 

11 20 30 1320 30 20 500 200 30 10 1 

, 
n.d = not determined. 



- 128 -

TABLE 40: Trace Element Contents in PPm of Iron Bearing Horiz on from Trench-4 

Field 

No. Co Ni ' Cu Pb Cr Mn Ti V Zr Sa Ma 

T4-l 10 40 600 30 700 70 20 30 1 
2 65 30 365 25 n.d n.d n .d 5 n.d 
3 120 30 720 30 2000 200 50 30 0. 5 0. 5 
4 120 40 350 30 10 200 150 50 10 0. 5 
5 225 50 · 4#0 30 n.d n.d n.d 30 1 
6 155 40 560 20 15 300 50 30 30 1 

TABLE41: Trace Element Contents in PPm of Magnet i t e-hemat ite Ore from Werekalu 

52a 50 120 560 55 

52b 80 65 1000 40 

n.d - not determined . 

100 

500 

2000 10 

500 10 

10 0.5 

1 
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TABLE:4Z: Range and Av erage Valu es of Trace Elements Cont nts i n P m of 

the Iron Bearing Tranch Samples and Li monitic Lat rites 

Elements T2 T3 T4 
Li mon i tic 
Lat 

in PPm 
1 2 1 2 1 2 1 2 

Co 40-185 81. 66 20-220 72 . 27 65- 225 125.83 20-95 42.86 

Ni 40-100 60.0 30-50 37 . 27 30-50 38 .33 30-65 52.86 

Cu 90-1520 . 365.0 520-1320 725 . 45 350-720 505 . 83 40-130 89 . 28 

Ph 20-30 24.44 20-40 32 . 27 20-30 27.5 40-115 59.28 

Cr 0-30 8.72 0:-15 4 . 16 0- 200 71.14 

Mn 70-2000 536.66 7-5000 957 200-2000 800 100-5000 1271. 43 

Ti 20-1000 345 100-1000 470 50-200 117.5 700-5000 2385.71 

V 20- 200 75 5-50 31. 5 20-50 37 . 5 7.,..30 26 

Zr 5-30 5.55 0-20 10 . 5 . -30 22.5 10-200 75 . 71 

Ba 0.,..0 . 5 0 .12 

Mo 0-2 0.58 0.5-150 16 . 05 0.5-1 0 . 8 0-2 1.14 

1. Range of values 

2. Average Values 
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• 
T ArL 43 : Ran ;i d n 'c', f'\. v' l lJ( ~ 0 r- pm nt 

Oll \ S nch i l' f, 1 , r' nr 

SQllIp ] ( " 
----

Ave r" ~'\' 

C lC .. 275 87. '3. 

Ni 0- 00 I) 5. 5P 

u 90- 5?0 50 

Pb 2 J- ' 0 28.4 

C 0 .s -1.6 

Mn 1.0- 5 0 80 

Ti 7.0 -100r 3 

V r _ zoe) 45.75 

Zr 0":50 10 . . 38 

a O-:J.S 0. 03 

Mo 0 -1 5 8.4 

-
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TABL ·44 : Av r a Trac n m f Jr n-fo on 

Ch O-W r kalu nd nm n 

1 2 3 4 5 7 

B n.d n . d 1 - 1 

Ba 0- 0. . 0 17 18 1 7 

Co 20-225 7. 8 8 27 

Cr 0-30 4. 7 1 2 

Cu 90-152 00 1 1 3 -5 22 

Mn 20-5 00 03 14 4 12 17 

Ni 30-100 4 .3 83 3 1 1 - 0 

Sr n.d n.d 9 42 15 1000 

Ti 20-1000 362 8 0 1 0 40 21 

V 5-200 45.75 97 0 0 -5 3 

Zr 0-30 10.38 84 10 10 30 17 . 3 

< = 1 ess than .. 
1. range of trac 
2. average tra e ion . 
3. algoma faci s 
4 . Lake Superior aci s ox od 
5. Oxide facies BlF from Ori 
6. BlF of volcano- dim ( 1 andro , 19 ) . 
7. Banded quartz-magn on Finland 
8 (Laa j oki and aik on 
8 . ltabarO t from lin 1 . ) 

II 
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TABLE4f : Trace E1em nt Cont nts in PPm 0 Qu r z.-ChloT ' Sth i 

Field 
No . Co Ni Cu Pb v Zr 

A-2a 50 130 210 5 1000 300 70 1 

22 25 60 125 30 10 2 00 5 00 30 .7 

SIb 20 80 95 20 30 1 3 200 0 7 O. 

18 15 45 200 20 20 100 1 300 3 0 2 .7 

53 25 SO 100 20 100 1 30 0 300 300 1 . 7 

81 30 50 12 20 10 7 0 7 0 30 700 7 

TABLE 4": Tr ace Element Contents i n PPm 0 Li hie- Arenite 

A-3 35 70 210 25 500 . 500 300 300 200 300 , 1 

20 35 75 35 20 150 3000 7000 300 200 2 0 0.7 

73 20 40 155 20 200 2000 7000 SO 500 300 0. 7 

26 15 70 40 20 200 500 1 0 500 500 SOO 1 

35 20 70 155 20 300 200 3000 300 200 2000 . 5 
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TABLE 47 : Range and aver~p.e v~lues of trace e lemen t 

cont en ts i n pm o f t h Quartz - Muscovite '­

Se ri ci te Scl ,. is t 

Element Ran ee Average 

Co 15 . 50 27.5 

Ni 45 -130 69.1 7 

Cu 95-210 142 .5 

Pb 20-30 22 .5 

Cr 10-J OOO 285 

Mn 100-7000 1933 -·3 3 

Ti 3/)00-1 % 5166 - 66 

V 30-- 300 22 1.66 

Zr 70- 700 361. 66 

Ba 0-7000 14 83.3 3 

Mo O. S-l 0 .56 
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TABL E 48: R,mp.e a d vcr !3.fe v a l ue of tr ace lement 

cont ent s in pr~ of t h e Lithic - Areni t e 

Element Range Avera ge 

Co 15 - 35 25 

Ni /1,0-,75 6['" 

Cu 35 -·210 119 

1?b 20-· 2 5 21 

Cr 150- 500 27 0 

Mn SOO 3000 1600 

Ti 3000-1% 7000 

V 50- 500 290 

r;Jo 0. 5- 1 0. 78 

Ba 200 ·· 2000 660 

Zr 200·- 50C 320 
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h · · ·1 . . ;I . . h +2 . . . h - aVlng Slml ar IonI C r a~' l us WIt Fc m~y be f l xe~ 1 . t e s t ruc -

t ur e of s e di menta r y ma r neti ~ (Go l ds ch~idt , 1954) . 

The Co l i r at i o as shawl! .,'{ Fri e t s ch (1 97 0) of ma gne t i t e 

an d h8mati t can b e u"' e d to d i f fe r ent i a te b e t we en rocks of ipneous 

an d sedimen t a r y ori gin . .ccor c i p t o l r ie t sch , the Col Ni r a tio 

i s be lo v un ity f or i r on oxi des o f low tempera ture and s edimentary 

ori gin y but h i phe r values are ob t a i ned in the iron oxi des of 

i gneous ori gi n. An a tt empt was made t o ch eck the ab f\ve s t a t ement 

by me ans of t he da t a given in Tab I e 44 . Excep t f or t h ~ B IF of 

volcano- s ed iment a r y origin 0f USSR and Itabrit e fr om Minas Ge r a is , 

Brazil ~ all t he othe r s agree wi th Fri c t s ch 's p r oposa l .. orne of 

t he ana l y zed samn l e s of t nc a s s oci a t e d metase diments f r om t h e 

s tudied a rea also pave Fr i ets ch ' s r e s ul t . But i n t _ Ch a go iron 

f ormat i on th e Col Ni ra t i o was fo und to be be l w un i ty f or some of 

the s ampl e s , wh ile it is above unity f or most of t h o samp l e s . 

Furthe rmore , t he aver a~e Co/ Ni ra tio of a 1 the s amp l e s i s abo ve . . 

un i ty . 

Lande r gren (19l18 ) sh cH'Jd "S . le l ow concen t r at i on of Cr be low 

t he clarke va l ue of sedi men t s ( 10 ~p~), as i nd i c a t i on to or i gin 

o f s uch o r e s as ox i da t es . ~ r i et s ch (19 70) repor t ed t h a t Cr is 

p r esen t b e low th e l ithos phe r ic con t ent (90 ; ~m ) i n t he magne ti t es 

of the i r on ores of N- Sweden , wh ich ar e non magmati c i n or igi n. 

Ma jumde r, e t. a l . , (19 8 2) re port ed tha t i n the Orissa BIF (Indi a), 

Cr r an ges from 20 t o 50 ~~m y whi l e In he s c p a r at ~d mapne t i t e s 

it dr opes to 4-5 npm . On t he oth er h and they showed that t h e Cr 
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conten t in th e i nteT- l aye r ed tu f f to be as h i~h as 300 - 2000 nn ~ , 

thu~ stTcngl y s ugpe stin f an i gneous ori gi n . In Sha go i ro n forma­

tion Cr ranges from ° t o 30 Prm , wh i l e i n the ma gnet i t e - hematit e 

l enses i s below th e ~ e t e c ti0n l i mit. The over-a ll CT ave rage 

cont ent i s 4 . 65 nnm Hence t he l ow Cr cont ent of t he Chapo 

iron formHtion substanti ates the assumption of it5 sedimentary 

ori gil 8.5 oxi da tes . 

Titanium has also been us eJ as a temper at ure i nd icat or by 

Fretsch (1970) to di ff e r ent i a t e Jc hre en mapnetites fo r~ !e c by 

high t emp e r a ture magmatic proc2s s and low t emr e r c.t uTe s edimentary 

p rocess . The clark value of li tho s ph e ric tit anium i s given as 

10, 000 pprr: (Ch ew, 1964), M j umce r, ct . al. (19 8 2) have us ed 

Fri ets ch !s i de t o determine the f ormat i on of t empera ture of 

the Oris 8 E lr Jnd ass o ciat ~d tuff by uSlnf the t i tanium cont ent . 

Th ey f ound th e Ii content of t he BIF to be in the ran · e 30- 80 

PPM
9 

wh ile the t uff excee de d 100 0 pp m. The Cha go ma gne tit e­

hematite lenses con tain l aw Ti c ompared with t he ferruginous 

s edi men t. s. The overall me an Ti con t ent at Chafo is 362 PPM, which 

i s still low wh en comrare d with the li t ho sphe Tic value . This 

possibly lead to infer t hat t he Cha po iron fOTmation was formed 

by low t en~erature sediment ar y proc ess es. Ti cont ent for asso­

ciated metase diments (qu artz - s e r 'cit e- ch l ori t e schist and li t hic ­

a r enite, Tab l e 47 and 48 is r ather h i gh, rang in ~ from 3000 to 

10, 000 ~pm. This robably r e fl ect s incorpoTation of i gneo us 

material in t he clas tic fT actions . 
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Hirs t (1962) s owed th e ~ istribut i on of Zr to be re _ate d to 

provenanc ~ rather t han t o s ortin r a s 0iment5, as zirco n 1S 

ultra3tab le and r are ly decomp os 0s . toen ce rock s show ing hiph Zr 

content can prob ably be tak en t o indicate e ithe r di r ect igne ous 

ori gin or inc or poration of i gne ous ma terials . T~ ~ ClarO i ron 

fo r mat i on shows very l ow cont ent of Zr wh i ch is r e l a tively high 

in t. e assoc i ated metas edi m0 nts . This result also st rong l y 

sub s tanti a t e t he s edi mentary or i pi n of the Chapa i r on forma tion . 

In or de r to extract mora i nforma ti on f r om t he tr- cc e lements, 

two tr i angula r va ri a ti on di 8gr ams wer e made by Ising Co~ Cr, Ni 

and Cu as end membe s . 

a) Ni - Co-Cr d i a gr ~ m : T!\is diapram - h i b its t hat most of 

the plot l i e on th ~ Ni- Co I i. e . be caus e of very low or ack of 

Cr . Most of th e points f a ll b elow 50 % Ni con t ent (Fig. 60). 

The graph sh ows si~ll a r va l ue f or the Ni cont on t of Cha go and 

Ori sa iron forma t ions . The Ni c on tent fo r a l l BIF nlot t e shows 

a vqr iat i on ne t exc8eding 10% wi th a not ab l e exc p t ion for the 

vol cano- sed i men t a r y BlF of USSR~ wh os e 10i conten t is hip I y 

de l e t ed. Th e f r anh al s o points out th at Ch apa i ron f or mat i en 

dif fe r ! ~ro~ othe r BlF fa its low Cr con t ~nt. Acco r di ng to 

Landergr een (1948) , s uch a 1 G~ Cr co. tent s tron r 1y s uggests that 

eh ago iron forma t ion is ori[ i nat ed by oxi~ate ac cumu a +ions. 

b ) Co - Ni -Cu d i a ~ ram : This t e r na ry iarram ~i s c l oses t he 

hi gh concentra tion o ~ Cu wi th r e s pec t to Co and Ni (F i p. 61 ) for 

Ch 2go. The ot he r oxi de faci es ~ lF nlotted are 1 Cl~ i n the i r Cu 
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con t ent . The Co content for Cha po i s comnarabl e w· h t hose of 

Algoma and Ori s sa BIF, t he i iffe r ence be ing 5 and 15% r e s pec-

tive l . 

The high Cu concentrat i on f o th e oxid t es f rom Chapo could 

be due t o the s c3ven ?in g effect of Fe - hydroxide wi t l r e pe ct to 

some metallic e l ement s . 

CONI, \.:SIONS 

From th e combined study of major and trace el ments of th e 

Chago iron forma t ion and as s ocia t ed ~ tas ed iment s , th8 fo llowing 

conclusions ar arrived at : 

i) Except f or Si0
2 

an d in some cases for AI Z03 most of th e 

oxides f rom Chago iron f orma t i on are s·milar to t hos e 0 th e Fr e-

cambrian iron formations . 

i i ) Cha~o iron formati on ~ which is made p of iron oxides 

and cryp toc rystal l ine sil ica li th no trace of carbona te s si l icate 

and sulphide s an be ing devo i d of t errirenous mat e ria ls be lonps 

t o the oxide fa ci es of James (1954). 

i i i ) Though it ~ o es no t r ep r es ent a clas sical e xamp l e of the 

Supe r ior BIF typ e , ChaRo i ron formation resembles more the Superior 

Type than the Al goma typ e of i r on fa mati on . 

iv) Its hiph Fe, pene r al l y hiph AI Z03 , an d l ow Si0 2 contents 

make t he C lago iron formation u ique wh n com are - 0 the other 

well known Precambrian iron f or ma ti on known th roughout the wo rl d . 
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v ) Dep l e tion of trace eleme nt in t he iron f ormat i on of 

Chago when compared t o t he aS5 0 c iatc~ me t a s ed i mc n ts ~ i n~ i cat es 

t h e abs ence of clasti c matcriRls in t he forme r. 

vi) Th e l ow Ni, Cr , Ti nd Zr cont ents s hown by Chago i r on 

formation i n~ic a t es its l ow t c~rerat ur e s ~i ment ~ry ori r in. 
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6. Mine r ali zation 

l\cco n li nv to t he wo r k:; of Rv is ( 96 4) the iron mi ne r a li za­

ti on I n the Gull i so-Chavc-Yub.o ~ r ca ~ re di vi .~ i nto tw o pe ne t i c 

tynes: 

1. crrup j nous quartzites wi t h ma gnetite-hemntite l ens es , 
:: nd 

2. Si ic i fied res i dual limoni tcs . 

The f i rst type of irrn ore deposi ts are r enres ent ed by an 

Iron bea rinp hori zo n i nterstratifi d in Prec~mbrian metes edi -

me nt nr y units , whi l e t e s ecor ~ on e is b oun d to t~ e r e s i dua l 

conce r t r a.t i on of docompos cd ti.Ht i ary bas a l t s . 

Tho ironbcarinr horizen "Ta. (~ e "!:)os i ted i n a shal lO-1 wa t e r 

ne a r shore environment as c~em · c a l oric i i tate . B t la t e r a l l 

the sed i me_ t s to rethe r wi th the s urroundi ng n lutoni ~ ro cks we r 

s ub jected t o a low gr ade TI:~ gional me tamo r nh i sm , be l onging t o the 

green schi st fac i es. Mineralogy, t ext ure , and struct ure~ which 

renerally have b een th e basis of iron f ormat ion studi es, a r e 

ma i nly th e r es ul t of denositlonal, diage netic , an' me t amorph ic 

conditions to which t he parti cula r rocks have been exposed. 

As a r es ul t of these t he metamorrh ic effe c coul d h ave re mob ili zed 

an d COTlcentrated t he i ron or8~ f or min p. ve r T th i ck bands and l ense s 

as compared t o the th in films c qua rt z and ot er gan gue minera l s . 

Accordi nr t o Rudis ( 1 9 6~ ) <: he occurrence of l ar ge mapn - ti t e 

hema t i te l enses wi t h i n t h,v ferrupinaus qua r tzi tes is n r obably t he 

r es ult of ~eh~ydra t ion OL a p r i ~~ ry limon it i c or e bodies. 



The teno r of t he CO~D act ma rnetit - he matit e lcns2s ranges 

from 58.75 to 67 . 87 i1e rc (', t~ w}lj le the ferruginous qU3. rtz ite s 

range from 31 tc 56 . 3 pe rc 0n t. The overall oV r a ,e t0 no r of 

iron at Cha go is 54 p c rc ~·nt. The magnet i t r - . em3tite or bS of 

the studi ed Cl r ' a r eD r eSf'nt ~1 hj_~;h r r arle iron, and unwanted 

iJl1t uri t ies , li ke Sand r ('rl, i d~ harm the n r cno rtie s Clf p i ,p i r on 

and steel Drc b e low allowable l imit . The con ent of silica is 

als a extreme ly low even l<lhen c<)mna r e wi th other well known iron 

form ations of he world. 

Rudi s ( 964) est i !'1nt nr1 the " p, (~o l opi c r eserve 11 of the 

hi gh p'ade are to be 4.0,000 tons , takin p 50 pe rcent of tle 

stri k ~ l cnrth (of 400 met ers), 5 me t e r s aV8ra e wi d h, 100 

me te rs deo th and 4 . ~ tons p~ r cubic me t er. Simil arly the low 

gr ade OT t::, ( "33 " pe rcent o f iron. cont en t ) a t Ch ago a nd ]- e 

vic inity wa" estimat ed to be l 2~ OOO , 000 tons based on 3 . 2 tons 

pe r cubic me t er . 

Be l .:lY, e t. al. (198 0) us i n f the Rudi s os timat i on me t hod, 

ca lculated the maximum t onnape of the hiph pr ade are t o be 

1 2,6 72 t ons , concidering tIe stTikc l en r th to be 1 20 mete rs and 

t h e width? me t e r s . S i mil ~ rly th Ch a ro 10w ~r ade mat 0r i al was 

es t imat8 t o be appro .i mately 27,000 ton ~ccor i n e t o t he 

es t imat i ons of Be l ay, et . 3.1 . (198()) th e t ot al i r ~'n t onna p-e nt 

Chagc is apn ro xim:.J.tely 40 ,(1).'.:'; tnns . In al l t hes e ·) stimates t.he 

maximum depth t aken was 12 Jr.\.:- V ·rs be l ow the CCOV8T. 
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Ac corciinp to i ts ch em ic 1 compos iti on and nhysical rove r­

t ies 9 th e hi ph £lrnde a r e of Charo is s ui t able for any ki nd of 

s me 1 ting r' r occs s . But the "'mount of yes ourc e of t he h i ph p: r ade 

are is mue b l ow th e worl~'s exrloitation l i~i t . Tho cstiwated 

2 7 ,000 ton of low prade lr0n or was also proved by mafne t owe t e r 

s urrey to be much l ower , du~ to the assuwed uniform t hi ckne s s of 

t he ma{J'neti tr-'! - hema ti t e 18.yer wa' found to c l en t icular and t o 

atta i n a .. Iy a limite d siG '~ (Belay, 19 RO) . 

Despite the e ce ll en ' qU81ity of or e at Ch apo9 i t does not 

of fer any chanco for est~blishinr steel industry on a na t ion a l 

cal . . It is reckoned t ha t fo this nur as f~ a t l (~:1 S t 15 wi 11 i on 

t ons of high prade iron or shoul d ~c r ead i ly ava i l b e . 

Under th e pr esent cGn dtt i ons , lOCA l smal l -sca le min ing and 

s Jll\~J_ tinf for manufnc t ur i n g .in -, ', t u pro duc t s mi ph t be _con oTT' i ca l l y 

f easible. 
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7. Gcnesi ~ of the hon-fon : t ion 

Th lack of mode rn- d ~y exam ,lc . of iron form~ t i or deposi-

tioD. makes th e subject of or ip- 'n <l fer tiJ. e one or sn cula t ion . 

If t h " wide diverr: nce o t: op i ion in even the r ecen t literatuTe 

accura tel y ef l c ts cur H-:: n t ge ol o pi.. cal th ourh t , th ) '; e ~ im .nt a ry 

iron-bearing fo rmations arc still littl e un~ r t ood. 

Iron form:1tion was d~ ined by J ames (1 9 5 ' ~) as Ii a , emica1 

s edi ,enta ry ro ck , tynic a l l y thin bf~ dded and/or fi lely lam ' na cn, 

containing at l east IS % iron of ed iment r y o ri ~in and commonl , 

but not necessaril y , conta i ninp 1,1yers of ch rt. It Iron forma-

tion and the fe ne ticall y r elate ! chemical s erhr!,cn t s inc1 ~J d e d ill 

this broadly define li tholo gica l rroup are ~i s t' ngui sh e d fro m 

th e cl ay- iron s t one ferru ginous s ed imen t s by the ~resenC 8 of 

banded and l ayered chert and qua rt z, and s il 'ceo us mat rix for 

iron minerals , by a lowe a l umina and titania ontent ) and by 

characte r isti c primary se di mentary f ea tures (G ross ? 965 , 1972) . 

Distinctive t ex t ure s. ~rjmary se i ~en tary f eat re s~ minera-

lo gy? mi nor element content and the assoc iate d r oc . s in ,icate 

th e wide ran ge of environmen t a l conditions in hich iron forma~ 

t i ons were deposite d . 

A cl as s ification of th i r o f0 r~ation as Lak : Supe ri or nd 

Al goma types was i n troduc et. (G ros s , 1965) to erml-J. s iz e if e r enccs 

in the k in~ s of as socia ed r oc k in the de position I en rironnent s 

and geologica l s c tt i nps f o the various oc curenccs of iron 
, I 
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for ina t ion 0 S i men tary envi. Ton '::cn ts for t he clcnos i tion fJ .s: i ron 

for n8tisn extends t hrou ):'h : bro"l a snec trum from ne r it ic basins 

to t he do ~p er part . of th ~ cont inental she lves to tecton i c -volca­

nic ri :: f:e s offshoTf. , an d 'r:, dc(~ne r ocean bas in (F ' g .. 62 , Gross. 

I 9 80) 0 

I t has been r ur rcs te1 ttot e xtens i ve du~ os ' ~ion of iron 

forma t i on durin r th e Pr ec!lmbr i,n Has r c l ate c: to sr, e r~ i ill factors 

in t he dcve lonment of th e atmosphe r e and lithosnhe r e invol vin g 

t h e origi n and ~ volution of o r gan isms, and incre ase of oXYfen in 

th e atmo s phere , the infl uence of carbon :mcl oxygen in 5 di me n·­

t a r y cnvi ronlT'ent s, and t he trans porta tion ;:mc deros i tion of iron . 

GenE:tic mode I s for i ron f or ma t i on wh i ch emnhas i ze th<)s e fac tor.s 

have be en prorosed bv se ve r al wo rke r s (MacG r eRor, 197 2; C1ou~ , 

197 3; Holland, 19 73; La B(; t've, 1973; Garrels, e t. al. .• 1973; 

Drever, 1974 ). Howeve r , Gross (1 ge3) conc1udcrl that t he rleno­

s it ion an~ di st rib ut i on of iron for .ation has be en control l e d 

pr ima rily by t ec t onic fact ors , 8nd th a t b io p ni c f act ors and t he 

composi tion of t he atmos rho r h ~l(l Q. less e r , an . r obably l i mited 

in flilence en th e prec i pit a ti on of those chemical s ~ dimcnts . 

The Chago iron forma~ion i s assoc i a t ed with quartzi t es, 

diffe r ent qua rt z rich schis t s~ and praphitic phyllite 0 Th e ir 

ass ociation c l early indi cata t he e~viT onmen t of cuos · tion to be 

near shore or continental she l ve s . T e barit e which is inter­

b~ded with quart z and maen t i t, •. cma tit c near Ch::tgc (St -29) 

si gnifi es t ha t the dcnosi tion had t aknn place in a v0ry limit ed 
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bas i n of la poona l environ1l1cnt rhi ch . ns b( ~ . reduci n j7 f or s hort 

n r i _ (i ndi ca t ed by t he I r e s ~ n c ::; of some (' i s 8mi na t cc1 sulr'h i e ) . 

Th e ass oci a- PC un ce ff e r cnt "i..o te ,:! h io s he r oirl s , wh i ch r ob ab l y are 

b l ue -r r ecn alf':1 l pene r rl. , s T .n" ly <' 1 " Tl ort t he i dea t }l ,_ t the Chapo 

basin w s a s omewh a t s~ l i nc , r ~ s t ric t e d 13 "oon , 2nd m~r r ina l to a 

t r ue continen t 31 s he lf. In i t - te c ton i c se tti ng th e Chago i r on 

for ma U_on r es emb l e t he SU.;)(; yiO T tync of iron .form t i on . 

The chemica l compos i t ions of i r on f ormation , on the othe r 

han.- reflect t he overa l l f e(j ci~ t, mic a l cone i j ons tha t ll roc1u ced s uch 

con cent rations of iro n i n t~ e l i t hos here , and t hey 1'1 0 d answe r s 

t o s ome of t h fun~ament a l ques tions of ori gin . The dat a obtai ned 

fr om the chemical a a l ys 0s of tl e or es and assoc i a t ed ~etasedi ~ 

menta r y u its . wh ich has beer ci i 5 cu s se~ in Chary t e r 5 s upn l ement ed 

wi th t he exist inr re ol opical eviden ces s tronply supgests t ha t th e 

Chago iro for ma ti on is a low t mp c r atur e sed imen t a ry origi n. 

A l a t e rit i c we a t he ri n r mo de l was ~es ' rne d by LeDP nd Gol ich 

(1964) t o ex l a i n th 0 de r i vati on and accumulation of t he Pr ecamb­

ri an iron f o r ma ti ons. To ch 'ck the xistcnce of ar.'y si rri larity 

be t ween t he res idual limo~it i c l a t e rit e o f t he s di e d area and 

t he iron f or mation of Cha rc, the ana lyz ed s ampl es were . lott ed I n 

va r ious trian , ul a r var ia t i on di a f r am (Cha t er 5) . ven t hcu ph 

t hes 8 gr aphs a r not s uf f ic- e t ~n conclude t J e de rivati on of the 

iron f orma tion by la t e rit ic w~ath r i n r , i t could ~er i ve some c lue 

ab out t h Ei r s i Dil a r it i es and di ffe r ences . 

The so ur C03 mat eri a l t h 'l t sur~ lic e he C~l <lp'O t acin wi tl iron 

could r robably b [m i ron ri ch anr si lica floo r rna __ -c r o k~ . 

-- - ~_ ..--F-
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(. . Iron Occurrences in Lt ilio'(li 'l 

A p rim'tivn l ocal s melt in r of i ron are for ~~ nlf&c tuTin p of 

implemen ts h.,s been c!lrr:i 0._, O'.lt in Ithioni a fer c.:mt r ic s, anJ 

e xists still n0wadays . Sm~ l ar cvmvl ti on s of iron ore have 

been e xploited for th" s ")ur :'ose throuf1out the country. 

S ri (~ s efforts t o fil iCl :i ron o r e in It h i on ia were m ,0 urinr 

t he ItaLian occujlat i on. , No rj el,~", si 'S 0 ' econo}Tlic s iynif' C8.nC8 

we n : - iscovered in that ti l~C (! ~amrla, 197 ,3) . L; tor) fol l'nwi n p 

the sti pulations of th e s eccnd five years nlan ( 19 ~ O- 19 6 5) to 

erect st - s l -m"l l inLu~try i 1\ ft i0 1i8, t c know iron o r . occurr-

ences we r t;; reas s e s sed . :" 10.5 t c. f the ' Tork w"' s DC rf nrc d by the 

Mi n ::" stry o f Mi nes durin p 19G2 '10 6':; . l'\ lthou p:h hi ~~h gra ~l (; o r e WCtS 

d i scover c a t T'laces, the reserves a r c far to o low t o al lolJ an y-' 

thine b ut a mos t medest: l ocal Je velopmen t . n ost of t h o 10ca1i-

ti es were iron ore has be n found are shown i n Fi r. 63 . 

Accordi n p t the man n r Gd uced by J 0 l enc (1966) abeut se v n 

of th e a dmi ni strative r ep i ons eJf Fthiop ia are known wi th an 

indica tion of iron occur r 3nCC5. Off a ll t h e occurren c s th e con -

centrati on known in WOll ega anL lritrea are mo r e il~)Ortant fll owe 

by Keffa, Ti erc and Har r a l" PY0vinces . 

i\reas of 1arre r C8Dosits ann of which has beel1 i , .ves t i?,ated 

by various worke r s are riven below: 

Eri t rea: Bodies of hi rh ~rad e marn tit ic ore occur in th 

Sabub- Agame tt a are a , about 40 km . e~st o{ As ma ra (Hamrla, 1966; 
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Rudis, 1964 ). Mir.er a lorica lly ~ the ores o f Apmatt a-Sa ub ~ rea 

cons is t s o f eranob l astic marti i ze ~ ma r nc titc in a qua rtz matrix 

with minor ad~istures of other mine ra l s s uch as l Rmella hematite, 

ch l orite~ mica, epidote aud t: a1c ite. 

D'ffe r ent invest i rntors have tr i erl to es t imate th e ore of 

t\gametta a rea . Krupp (1 956 ) estimat ';1. it 0 be 2.5 illion tons, 

whereas ~ acco rding t o Rudis (1 964 ) th e r e is on ly ab out 42 ,000 

tons of ore . On the ot he han c1. }'amria (1966 ) est ' matc c: th e visi b l e 

t onna ge to be 132, 000 tons with ad i ti on al inrlicate d and i nf .rre d 

ore in the orde r of 500,000 tonr at maximum . 

The accumulation of i r on on I r itrea r nteau, south of Asmara 

as ·we ll as North rn Ti rre is ound to pre -tertiary pen ,I a ation 

and la t e i ti zat ion of Preca ~.r. ian r ocks. Iron oxides or i Rin ate d 

i ns itu i n lateritic resi due. forminp ancien t r es i dual-la teritic 

deposits (Famrla, 1973). Th l: penen lain was buri c cl unde r Ter t iary 

Tr ap vo l canics. Re ddish 1 yers of ferr' f e r ous r ocks occur wh e r e 

the pres ent erosi on r emoved the basaltic can ir R9 an~ c n be 

observed everywhere, whe r e th ] re trapnerul l eve ll ed surface is 

eXD osed . The larrest exposures are between Asmara and Abarda, 

s ome 1 2 km. to th e southvtes t of Asmara , whereas t. e ot her expo­

s ur es are along t I e whol e mar gIn of the Tran capning (Eamrl a, 

197 3) . 

The rich st ~ortions usua ly occur as reddish-broi.vn spongy 

rock int e rminrled with iron hyd roxides just at t he ton of th e 

ferru ginous laye r . These bodies are said to have in ave rape 
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less than 30 pe rcent iron (ha r1a , 19 66) . Usoni (1 952) reported 

betw een 30 and 56 percen t iron an d 13 to 28 nercent Silica . 

Accordin q to Hamrla (1 973) th ~r might be localize no rtions with 

that muc iron, an d some "enr i chment' coul have occ1Jrrcd throuph 

leaching of iron from overlying de comnosed volcanics. Concernin g 

th e reserves, t he Italians r epor t ed 15 mi l l ion t ons of low-grade 

ore and 200 million of p 0bab1 c ore (Usoni, 1952) . 

Anothe r area of int rest in Eritrea is t he Gh em iron ore 

depos it , which is located at th e Extreme northe r n t ip of Ghedem 

mountain about 71 km. South of Massawa . It occupies a small 

horst and is a minor i nteresting hot snrin p type deposi t (Hamrla, 

1960) and has been explored by Italians in 1940 (Usoni, 1952) . 

From mine ralorica1 textur a l and st r uc tural evidence the Gh edem 

iron ore ori r inated f rom ass endent so l ut ions of a very youn r low 

t emp e rature th ermal activi t y (Hamrla , 1966 ). 

Accord in g to Hamrl a (1 966) there exists about 36,000 tons 

of vissible and some hundre thousand t ons of nos sible or e . 

Similar figures were give by Italians (Usoni, 1952). Rudis 

(196 4 ) cal cula t ed the rese rve to be 6 ,57 7 t ons r e r one meter of 

de~th ; which means 65,000 tons to a dep th of 10 m. 

Keffa: The Mai-Gudo area, wh ich is about 50 km. Southeast 

of Jimma is known for t he occurrences of r es idual iron ores of 

inf1tration type, whe re i t is or i r inated fro m we atherin g 

decomposition of volcanic rocks . Fe rric lron has be en leached 
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trans ortc and Drec i ni t a t ed mo r e or l e s s in situ, ~ a r l y in 

t he s oi l r es idu , na rtly i we a t e r ed , er a k d s ur f i i a l po rtion 

of t he country r oc ks . B c ~us e of abun , an t i mnur i t i es an avera~e 

grade would be l ower and cou l d not exe ed 40 pe rcent i n t he b est 

cas e (Hamrla, 1973 ) . 

Dur i ng th e It a lian occu~ati on about 20,000 tons o f are was 

mi n d an t he r e s erves w r o s t i mat ed to be 1.2 million tons 

(Us oni~ 1952). Murdock (1 960) calculat ed 120,000 to s of visible 

r es e rves and a probab l e 2S~ OOO to ns of 0 c . 

Wo llepa : Various or i gin of variabl e r r ade s of or e occure 

in "ffer ent parts of Wo llega aJ on p which th e Ch a go , Werekal u, 

Dima, Gor dan a or Kore e , Billa and Bikilal are a t l east investi­

gat ed by ' iff erent wor ke rs a t di f f e r ent time . Mi nera l ogi ca lly 

t he iron or es o f centra l Wol l ega consists of mar titiz ed ma gne ­

tit e- hematite which "s mas sive at Dl a ces Banded an~ ~sually 

co a r s e or crysta lline aggr egat e . 

Rudi s (1 964) surveye d t he a re a ~e olo fically and b~ ma gneto­

meter . Representative s ample s we re co lle c ed , t e sted, and p ut 

t he r es e r ves es t ima t e at 800 , 000 t ons of Dossible ore i ll centra l 

WOl l e ga . On the contr ary Hamrl a (1 966) e s timat~d the visible 

ore res erves to be 160,000 tons f or a ll known loca li t ies, with 

pos s i bl e r e serves r an gin a in t h e or .er of 300 ,000 t ons. 

J el enc (1966) ap ea r e with a nosit ive idea by explainin g 

th e ext ension of the f e r r ugi no us s chis t s in t he a re a and ex ected 
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I I many, t en mi Ilion t ons of i r n rE' S e rves" i n t h i part of Wo lle ~a. 

U minor al s urvey (UN r epoTt, 1971 ) checke 1 th es e j r on ore 

occu r nces by conducting [ eochemis t ry and marn ti c surv y and no 

conclusi ons were re che d exccn t t hat t i e denosits ho l ~ ittle 

pro _is,~ of deve l opment as r on or e r ' SO UTc es . 

Iron occur rences has b en a ls o identi f' d n Sidamo ~round 

Yabel lo and j r e ro; Thes e ar c boul de r s and nodul 5 of mcq;metite-

hemati t E: or e . 

In Harrarri f lo ats of r 01 has been r ort ed in Pre c rnbrian 

rocks of Cherch e r Mounta i ns an 8. a l so around Jiji ga "nd Di re -Dawa 

a f e rrug 'nous s andstone i th 5-1 5% Fe has b en r epo rte e. 

Genetic al l y t he i ron oc currence s of hI ioni a b Ion? to 

dif fe r en t ty pe s and the or es are mainly o xi~ic (HamTl a ~ 1966 ). 

The prima ry high gr ade ore s a r e associ a ted with the Precamb r ian 

environment whil e th e s econda ry r eS1 ual or es ar wide spread 

t hroughout th e country in dif e r ent eolopic a1 environments. 

Hydro the r mal occurrences aTe subor din ated . The following t ypes 

ar e hither to recornized: 

1. Deposi ts associ at d with r e cambr i an vr ee:l- s chist seq u-

ences. Th a re most probab l y s ed imentary i n or- rin9 l at er 

aff ected by me t amornhic proces s es . 

2. Residual conc entr a t ion de osi t s ori pinated by weatherinp 

decomposition of ferrupinou r ock s and subsequent l ea ch i g an d 

trans ortation of iron oxid- by sur f ace wa t e r s . 
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~eco .d ary r esidual i ron a c ~umula t i on, ~ oeluc o f rece t 

wea theri ng and enr ichm nt are w"d esnread throu~hout the country , 

gl ving r is to loc a l indi Y~n ous sme ltin~ t n l nce s r but in no 

cas e extensive enough to b e of wid r cowme rcial value ( amr la, 

197 3 ). 

3 . Know n hy d rotherma l dep os i ts a r e o.f- hot ·-s prin g type . 

4 . I ron concentrati ons of mapmatic tyn h av been i ndica t ed . 
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CONCLUS ION . R teOfH fNDAT ION,. 

F om eolorr i.cal, ,e ' ro e 8;~h iccl, and ge oche mical stud i es 

co nducte d on the rocks of t h e s t ud ie d a rea , t h followi n p.- con­

c lusi offia nd recompeldations aT d ra~n: 

1. 1h rocks 0 the st udi ed area , exce ot t t ert i ary 

volc anics have und e ~ roJ1e tLrough a re p- iona l me amorph ' sm of 

gre n schist facies . 

2. The nlu ton i c ro c , c could have a p robabl e comagmatic 

or i gin and der i ve f r om c ys t al f r actionation . 

3. Their si milarit i ~ s in most 0 " t h oxi de comn os i ti on of 

t he y o nge r t ert i ary basa lts and of the r o r oz oic plu ton i c 

ro cks of t he area could ' ndica te a probable resembl ance of th e 

original ma gmatic mat eri al of th e p lutonic rocks wi th t he basalts 

an d t heir gene ration i n the Jame t ype of t ectonic environment. 

4 . Tn , Chago i ron i s co rLs ide r ed to b a ·Pr .-; carnb ri an Banded 

Iron formation. 

S. In mo s t of its oxi de con t en ts , and envi r onment of f orma­

tion~ the Cha go Banded i ron f ormation is simi lar 0 the Superior 

BIF. 

5. Bo t h ma j or and tracn e eme t Qc oche is t ry t estifi ed that 

the Chago iron for mati on is ormed by a low t emne r atur e s dimen­

t ary process es . 
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7 . Fur t he s udi es s ho l~ b conduct d t o eval' t e t he 

J a t lr e and us 0 t he mi r o t osi l ( " und " f .t"e r nti. t Jd b " oSr"lhp r­

oids II ) as inr!icato r of th e eDvi ronJ1lcn t of th c1 c ~ \ o i t " 0 a 

b as in . 

8 . ceDt to i t s low Gua t ity , t he hi gh content of i r on 

mak it t o he a h iph gr ade or~ . 

9 . Des nite t h exce l en qua l"ty of or e a t Ch ago ) t he 

known r es r ve does no of a r a . chan ce f or ~ s tab l " s hin g a 

stee l indus t ry on a Nation 1 " c; Ie . 

10 . Unde r th e p r es ent condi t ions , oc a l small - ca l e m"n i ng 

and s me lting fo r manufac turing in s itu pro duct might e econo­

mi cally f eas i b l e . 
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