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ABSTRACT 

The r ocks of the stuJied are a form nart of the ~ol lera Birbir 

group of the upper complex and cons ist of a s eries of metasedimen­

tary and plutonic proterozoic rocks. The l1'inieralo£"ical assemblage 

indicate tha t the metamorphism is of the rreenshist facies. 

The variation diagram constructed for the various plutonic 

rocks strongly suppest comagmatic origin by crystal f ractionation. 

Ma jor and trace element analyses of re Dresentative samples of 

the Chago iron for mation, t he plutoni c an~ YOllnper effusive rocks 

are present ed. TIle Chago iron formation can be classified as 

nrecambrian banded iron formation and is in l1'any r espects similar 

to the oxide facies iron formation of Lake Superior t ype. The 

Cha go iron formation consists only of iron oxides and mi nor aIT'ount 

of si l ica with total absence of iron silicate, sulfide and carbon ate 

minerals. 

Trace element peochemistry suppests that th e iron f ormation 

was chemically precipitated as oxidate sediments in wh i ch the 

principal iron mine ral, ma gne tite, was formed at low temperature 

in a sha l low nea r shore environment . 
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INTRODUCT ION 

1 . 1 Purpose of Investipation 

Although a cons iderabl e work has been carried out by diffe r-

ent workers only a li t tl e attempt was made i n evaluating the 

origin of the iron f ormat ion and in class ifyinp it in one of the 

tyc;:: s known as Frecambrian iron forma tions. 

The purI'ose of this study is to provide new data on the 

geology and origin of the iron f ormation based on surface pe o-

lo gical mappin r on a s cal e of 1: 50,000 of an a r ea about 231 sq. 

km. , trench ma PD inp, labo ratory studies on netrogr aryh ic and 

mi crographic ana l ysis and geoche~ical analysis of trench and 

s urface sarrnl es for major and t r ace e l ements. 

1 .2 Loc ation and Acces sl hility 

Gulliso-Chago is lo ca ted in Wes t e rn Fthioni a abou~ 65 km. 

west of Ghimbi, in ~!o ll ega Adminis trative Repi on an d is bound by 

l ati tudes gO OO' and 9012 ' Nand lonpitude s 35 024' and 35 030 T. 

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

is acces sible by an all weather r oad wllieh passes through the . . 

middle of the studi ed area via Aira to Dembidolo . 

As the area is hi ghly d i ssected by r ivers and strea~s with 

dense vegeta tion cove r al onR their r oute, accesstbility is 

restrict ed a loni' the main Ghiu;b i-De~bidolo road and other feeder 

ro ads which l ead to the va r ious mine r a l prosrects of the r epion 

like Chago, Wo r ekalu , an d to various missi on ary sta tions that are 

j 
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present with in the studied area. Oth er than the main roads which 

are accessible by four-wheel dri ve, there exis ts manv foo t trails 

which enable one to move fro~ one Dlace to the other. 

1.S ~eographical Set tin~ 

1.3.1 Regional 

Ethiopia is divided into fi ve majo r ryhysiographic units wh ich 

reflect , to a preat extent the geolog i cal history and the s tructu re 

of the region (Fip. 2) . 

1. The ithiopian Rift System which divides the te rritory 

into two major plateaus and their associated lowlands. 

2. The North-~estern ulateau and associated lowlands, which 

repres ent more t~an hal f of the country. and where the 

l owlands are situated towards the Sudan border and along 

tLe coastal r e!,ions of the Red Sea . 
• 

3. 1be South-Fastern n lateau and associated lowlands, mos t 

of which i s constituted by extensive flat Dlains start­

inr from the Op.:aden bas in to the eas t and the Wabi-She-

bel l e and the Genale plains in the Kes t . 

4. The other units are th9 localiz ed s teep areas of the 

r ift escarpment and, 

5. The Afar dep r ess ion which has with its limits the low-

est point 125 JT'. be low sea level and is v(~ry acti ve and 

tectoni cally di sturbecl with a basaltic lava lake. 
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1. 3 . 2 Local 

The project site descri bed is found in Wollega Administra­

tive region (Wes tern fthiopia) towards the lowlands of the North 

Weste r n pla t eau . It has an average height rangin g from 1450 to 

1660 m. abo ve sea level. 

The surface topography is i n gene ral undulated with deep 

cut valleys and ravines to gethe r with some prominent ridge s 

trending north-south. 

1.3 .2.1 Climate and Ve~etat ion • 

The climate is generally wet during the rainy season that 

lasts from June to September with an average annual rainfall 

ranging from 1500 to 1800 mm. with mean annual temperature of 

20.2 0 C. But during the dry seas on th e areil is generally 

hot with a high degree of temperature. 

The plain areas are cove r ed by savanna grasses and thorn 

bushes, wh il e the thick and impenetrable tropical rain forests 

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

and their tributaries. Most of the rain forests within the area 

are cleared by the local people for agricultural purposes; and 

this defo res t ation has brought a vivid cliamatologicaI imbalance 

which has a negative effect on the ecology of the area. 

1.3. 2.2 Drainage 

The gr eater part of the valleys and ravines existing in the . . 

studied area are water bearing . The area belongs hydrograohically 

i 

---
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to the Birbir drainage system. With numerous meanders the river 

Birbir, surrounded with thick and de ns e jungle, flow s on the 

east e rn border of th e prospect ed area and di scharged into river 

Baro, which i s the tribut ary of Nile. 

As clearly seen in Fi g. 3 the drainage pattern of the area 

is well developecl wi thin tho metasedimentary unit s accordinp to 

a dendritic-angular syste m. The plutonic rocks which cover the 

north -western and south-eastern part of the studied area are 

more or less poor l y drained , showing the s tron~ cont rol of the 

Ii thology over th e develoj)ment of the draina.f.e system. 

1.4 Methods of Approach 

Geologica.l mappin g wss carried out by the author on a scale 

of 1 : 50,000 covering an area of about 231 sq . km. Petrogranhic 

studies were made on sampl es colle cted from the surface outcrops 

and trenchs to determine variations in mane ralogica l composition, 

texture, and structure of the rocks. Ore microscopy was carried 

out on representative pol is hed sect ions t o determine type, texture, 

and structure of the ore minerals. Determination of si licate 

forming oxides and trace elements was conducted using Atomic 

absorpti on and ~mission spectrophotometer on more than 78 rock 

and ore samples, and the re sults obt aine d are statistically and 

graphica lly treated . Coup l ed with th e field and pe trographic 

data the subsequent discussions were drawn. 
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There was no regular spacinr practiced during sampling 

operations. The spacing coul d vary den ending on three factors: 

i) intensity of weatherinr 

i i) inten s ity of mineralization 

iii) variat ion in li thology . 

The grea ter the int ensity of weathering the wi de r will be 

the spacing; and greate r the int ensity of mineraliz ati on, closer 

i s the spacinp. For the same Ii tholofY the soacin r is wider and 

whenever quick variation occurs, the spacing becomes closer. 

1.5 Previous Work 

Indications of mineraliz ed zone, snecially gold, in Wollega 

were fi rs t discovered in 18805 during which r. Combul prospected 

the r egion and formed II the Soci eta Anonyme des Mines d' or du 

!Vollega" (Jel enc, 1966). 

Ancien t usage of the iron ore cropl' in!, out at Chago and 

!Vorekalu, by the local reorle specially prior to the Italian 

occupation is evid ent fr om the ta le of' th e peon l e living a round 

the area, and they call it II Gorc'ana " which me ans iron ore in 

their language. Besides their tal c , traces of former mi ning 

activities are clearly se en within the nrosnected ar e a. 

After some silent ye ars of explorat ion , in the mid- sixties 

and early seventies work resumed by the United Nations and 
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Ith i opian Institute of Ge010gica l Surveys (~IGS ) and Cu-Z n-Fb 

eeochemical anor..ali e s weT6 disco vere d. 

Rudis Yugo s l avi a (1 964 ) in. ap-re ement with th e Fthi.opian 

Gove rnment, Ministry of :'1ines an d Fneq7y carried out geolof'ic a l 

and geophysic a l explorp. ti ons. Punting Geo lo ry and Geophysi cs 

Ltd . (196 9 ) made a photogeological survey of the WOllega area. 

KochemBs ov (1 970) has made a follow-up feochemical programme 

at the middle Birbir basin, Wo llepa, unde r th e supe rvision of th e 

Uni ted Nat ions- Ethiopia '~ in e rRl Survey, and an extract has b een 

made fro m the main re llort which i n c1ica t es the geochemica l surveys 

over the iron deposit s aroun d Charo, Wereka l u, etc. 

Th en Be l ay Des ta, et. a1. (1980) made a short review on t h e 

geolo gy and i ron ore occurellce a t Charo . 

Recently a joint pro ject labell ed as "Ethio -Korean Project' 

has star ted its exp loration prog ramme on iron deposi t s and their 

associates around the western nn r t of Wollega . 
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CIDLOCY 

, 
2 .1 Repional 

2.1. 1 Previous Work 

Th e Ethiopian b asemen·,; has been studied for the LIst 15 yea rs , 

mos t l y by the geolop i cll survey of It"iopia (fIG S), United Nat ions 

Hine ral Survey, and othe r d i f f e rent wo r kers. 0 '.10 tr its infant s t ape 

in systemo.tic pe o lo gic'1 l exrlo r a tion, recent knowl,~df" of the 

Precambr ian in lthi oDi,a i s no t we 11 deve ] oDed . Howe ver, th e mos t 

comnion ~nd plausible vi ew iw:J.udes t he Frecal'1bri an of h hiopia in 

the PanAfrican :··jozarnb i que bel t l"h ich is t he s tructural zo ne, 

streching f rom Mozamhique to Sudan , Egypt, and prob ably even to 

Saudi ·-Ar ab ia (Fig. 5). At d.iffs ren t t ime many worke rs have a ttem:Jted 

to describe and g i ve exnl"ln~tir)i1 of this be l t . Eo l mes (1 951) 

descri bed th e Ir.ozambinue belt as a l a t e Precambrian geosync line so 

deep ly e roded tha t its i nne r higL 1y metamo r phosed pa rts a re e xposed 

on the s ur face . The same view was exrressed by Cahen and Snel ling 

(1 966), but late r in 1970 Cliffo rd , consi de r e d and e xp l ai n ed it 

as a 'vesti.p"eosynclinal or mcbile be l t built UD of r e n'.cb ili zed. 

ancient ma t e ri a l'. 

imrJ ortant contributi ons t o t'lf; baseme n t [,e olorY cf Si ,j ar;Jo 

s pecifica lly t he Ga ri ba r o arei' in sOll t he rn lthioc ia were made by 

Gilboy (1 970) and Chatte r (l 'i'il) and to that of ~e ffa, Ga mo Gofa , 

and Illubabor by the Ith ion i an-Can8c ian OIrO River Project (1 97 3·-

19 76) . An important c o~pilati on of al l the avail able da t a was 

made by !'iohr (1 9 71). But l ate r on, r:aZFiin ' s (l ° 71, 19"12 , 1 975 , 
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1976, 1978 ) works provided a be tter understandinrr of th e strati­

graphy and possible manner of evolution of the Etniopian basement. 

Senbeto Bnd de Wit (1980) have tried to fit tllD avail able data 

into the scheme of plate tectonics . 

Recently the fth iop i~n - Can adian crew under the 'Gore-Gambel 1a 

Project" have start ed an important reolorical investigation within 

the Illubabor Adminis trative repion, which could bring a better 

understandinr of the Precambrian of Ithiopia. 

So far three main Compl exes have been r ec ognized in the 

Ithiopian Hasement (Kazmin 1971, 1975; Fazmin, et.al., 1978) as 

the Lower , Middle, and UDper Co rr pl exes . 

The Lower COffiDlex comprises various hirh 0rade gneisses and 

migmatites renresentinp the old8r (Older than 2500 my) cratonic 

Basement. Biotite and amphibole f'lleisees predominate with sub­

ordinate quartzo~eldspathic gneIsses, calc- silicate rocks and 

amphibolites. The Lower Complex i s a direct northw3rd cont inua­

tion of the Basement syste~ of Ke nya, th e Basement of the north-

eastern Uganda and th at of south-2astern Sudan. 

Th e Middle Comnlex has hef)'1 identi fied in Sidamo Frovince 

(The Wadera rrouD) and in fl~ rrerrie frovince (The Boye Se ri es), 

and possibly occurs in west e rn Ithiopia. In Sidamo and Harrerpie, 

i t is represented by Dsam~itic ap~ pelitic metasediments (biotite 

and QuartzD-muscovite schists, meta-arkoses, quartzites) with 

subordinate marbles, calc - sili r:a te rocks all~ amnhiboJc schists . 

In Western Ethiopia, thes e rocks arc intercalated with amnhibole 
schists and amphibolites . 
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The Upner Cowplex consists of low r r ade rocks in following 

succession : 'ophiolitic' rocks, andesitic metavolcan ics and 

associatc~ metasediments, clastic and to l ess extent carbonat e 

sediments. 

2. 1.1 .1 §trati grBplvand Tectonics 

The Ithionian Bas eQent strat i?ra~hy and its possible manner 

of evo lution was discussed by Kazmin, et.al. (197 8). Tables 1 

and 2 represents the Drobable strat igraphy of th e Basement of 

lthiopi ~ and their correlation within the country as wel l as to 

those of last Africa and Arabia. Based on the available data, 

de Wit and Senbeto (1 980) have att 8mnteJ to classify the 

ft ll iopi an basement into five ~ajor t ectono-s tratigr aph ic zones 

(Fig. 7). 

Th ese zones as Tilahuc (1 980) extracted from the works of 

de~it and Eenbeto a r e: 

Zone 1. Calc-alkaline Volcan ic Hutonic Belt 

This be lt can be traced for abou t 1,200 kIT ., and renresented 

1n the north (Fritrea and Tigrai) by the Tsa li e t froup. The be lt 

comprises a volcano--s edi.mentary successi.on of Jqet avolcanics of 

andesitic and dacitic compos ition, various volcano·-clas tic rocks , 

tuffs, rhyolitic applomerat es , phyllites, schists , Quartzites 

and a r koses with intercalations of cherts, marbl-es and pranite 

intrusion.s. Strongly deformed bodies of ear ly diorite and 

granodiorites gave an ape of unto 700 my . hlith K/Ar meth od and 

even 800 my . 
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Table~. Correlation of Some P rElcambrian ' Units in East Africa and Arabia 
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Zone 2 

T~is belt runs throueh sout~-west Ethioria for some 500 km. 

from tIle Venya horder to t~e Blue Ni l e Rnd possibly further north. 

It consists of wetapabbaro-serpen tinized ultra~Rfic Complex, un-

conformably overlain by z sequence of probable de e p water wetD-

sediments and ultramafic meta-volcano-clastics and metasilicic 

volcanics. It represents the lower part of th e Birbir prouD. 

Zone 3 

This belt is observed north east of Lake Rudolf and consti-

tutes roc ~s comprisinr a seri~s of mafic gneisses and granul ites, 

layered biotite and hornblen de gn e isses, nuartzo f c l dspa thic 

gneisses and mipmatites and parapneisscs . It r " presents Konso 

gnei sses of the LOl-/er Comp!.e1:. 

Zone 4 : [aste rn HetaJl10rnhic 2e lt 

This belt consists of high prade rneisses ao-1 mif'Mlti t es and 

ophiolit ic rocks. 

Zone 5 : South Western Cqtucl nst ic Belt 
\ 

This be lt is a mega shAar alonp the Sudanese border and can 

be traced into a wide Nort~ -Wc st strikinr intracontinental rift 

in the Sudan which is filled with urto 15 kms. t h ick ohanerozoic 

sediments. 

The tectonostratiRrarhic zones described above as fitted into 

the scheme of plate t ec t onics ( raz~in, et.al. 1980 , deWit and 

Senbeto, 1930) are : 
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Zone 1 beca us e it is built on and into ~r e - existing continent­

al c rust r epresent s a paleo-calca l ka l ine ar c ; due to its charac ­

t e r stic rock association; Zone 2 is designed t o be a remnant 

inte r - arc or back arc basin ; Zone 3 i s a zone of hi gh grade 

met amorphic be lt which cou l d bo the result of collision and sub­

sequen t s ubduction of oc eanic crust below volcanic arc s- thus 

represents an arc trench gap ; Zone 4 which contains the Adola and 

~nticha ophiolit e be lts repres ents int e rcontinental to intracon­

ti nental riftinp; finally,Zone 5 r ep r esents continent -continent 

collision of African Craton with an undefined eastern continent . 

2.2 Local 

2 . 2.1 Introduction 

The rock of the stud i ed area forms part of t he Uppe r Comple x 

of the Wollega Birbir proup consist in rr a seri es of pelitic and 

sub arkosic Protero zo ic rocks of low metamorphic gr ade. The Birbir 

group forms part of the Nedjo- Metti belt and is correlated with 

the Tsali e t groun of Northern ~hioria, Mormora group and Kajimiti 

beds of Southern Ethiopi a, Soka and Boje Ser ies o f Ha rra r and 

Aisha , the Halaban formation of South Ar ab ia, th e Dokan Series of 

Egypt, and l ower part of t he Upper Proterozoic of Sudan ( Kazmin, 

1972). 

To the west of the mapped a rea, the Proterozoic s e diments 

rest unconformab ly on diorites and to the eas t on weakly deformed 

granite-quartzdiorite nlutons. Most of the south western part of 

{ 
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th e area is covereC' by basalts, probablY of Tertiary age , which 

are weathered and crumbled to ~ silicified limonitic l aterite . 

Further to the south east , th e a r ea is hordcred by ultrabasic 

rocks, which arc hydroth ," r m31ly ,, 1 t ered o 

In the metamorphic Prot Grozoic sediments a nearly north 

south extend in~ iron bearinp horizon was outlined (Rudis, 1964) 

in which large iron outcrops in the Guji-Worabll area while 

detrital magnetite-hematite floats can be recognized at Woreka lu. 

The existence of these iron ore was known already in the past and 

was being exploited by open pit , which is evident by the presence 

of mining pri nts of large excava tions. 

The mineralogical ass emblage of the metamorphic rocks indi­

cates a low prade metamorphism of the green schist faci es. Field 

and microscopic studies r eveal the occurrence. of at least tw o 

episodes of deformational processes which arc eviden t by the 

existence of foliation surfaces which in most cases are produced 

by the all ienment of micaceous minerals and faint segregation of 

mafic and felsic minerals. Th e second episode of defonnation is 

r ecogn ized by fold fabric both in mac ro and micro sc ale . 

2.2.2 St ratigraphy 

The rocks of the project area are cove red by thick lateritic 

soils and expos ed rocks are ve ry limited and even when encountered 

th ey appear to provide little information. Moreover, outcrops in 

these loc alities are scarce due to the presence of thickly wooded 

<. 



- 22 -

ve getation spec iall y a l on2 rivers and streams wl,ich hinde r s mass 

movsment of loose ma t er i als 0ven on very st een slopes. 

LimIted natural outcrops ~o r e obs e r ved al on p hill tons, in 

so m0 acc Ess i bl e stream beds, and at th e neaks of intrusive bod i es 

wh i ch s upport very scant y vegeta tion . 

The mapp in p was f acilitated by artificial exposures such as 

road secti ons and trenches. , Based on field observation and 

petrographic s tudi es an att ewnt was made t o e stabl ish a tentative 

ver t ica l sequence of th e a re~ . Fr om to n to bottom the stratigraphy 

i s : 
8. Re si dua l limonitic l a t e rite 

7. Olivine bas a l t 

UNCmiFORr: ITY 

6 . Sericite-chlorite-mus covite schist 

s. Cuartz -s ericite-ch loritoid schist 

4. C'uartz- muscovit" o· ser i c i te sch i st 

3 . Fe rruginous quartz ite 

2 • CUe. rt z i f e ro us - lTJi cC1.ceo us 5 ch i s t 

UNCONFOR ,,< ITY 

1 . Pl uton i c r ocks 

Tertiary 

Upper 

Proteroz oic 

L 
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2. 7. . 3 Plutonic Rocks 

2 . 2.3.1 Biotit e Granite 

This rock unit is exposed in the south eastern part of the 

studi ed area along th e Birbir Rive r. It is l eucocratic to meso­

cratic in colour , ~assive to weakly foliat~d , coarse to mediuw 

prained, and stronfly we athored. Th e rocks sometimes grade at 

th e marginal part into bi otit e- orthopneiss (Rudis, 1964 ) . 

Petrographic study of t hes 8 rocks indicated the presence of 

quartz, microcline, orthoclase, plapioclase, muscovite, sericite, 

and s ubordinate amoun ts of bic£ ite, chlorite, and epidote. 

The quartz grains are very extensive ly r ecrystallized form­

ing a mosaic of pranoblast ic texture and are to so me exte nt 

ori en ted . Some of the eqU:Jn t prains of Clua rtz apoe ar surroundinp 

a relict crystal of fe lds0~rs sh owinp mortar texture. 

The a lkali felc'spa r is domin2ntly consti tilted by micro-

cline wi~h a subordinate occurence of orthoc18s e. The micro -

cline with its typical Dolvsynthetic twinning forming the pridiron 

structure apnears as n1epacrys ts and is l ess transforJ:1.eCi. as compared 

to the ular ioclase f eldspars . All th e me~acrvsts a re fractu red 

and br oken (po rnhy roclas t s). Ther e exists a]so ~erthite resultinp 

f ro m t he interprow t h of microcl ine and albite . 

The pla piocl ase felds p~ r s s how a low an r l e of extinction with 

an index of refraction l ess th8n bals a~. It is in the albit eo li po­

clase range iJ: comfosition. They aro hir.h ly transformec' to muscovite 
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and sericite es pecially along the prain boundaries forming belts 

of seconda ry minerals . In SOilla o f the plagioc l as e crysta l s the 

transformat ion of the ori gin':l mine ral to the metamorphic ones 

i s osc ill a tory indicating origina l zonn i n? of th e crystals. 

Nost of the mefacrysts are a l Ros t transformed into minute meta­

crysts of muscovite and sericite, and are preferen ti a ly oriented 

especially those which are fo rmed Cllon!! grain boundary ; this 

contributes to the weak foliation of the rock. 

The ep i dotes are also formed by the transformati on of the 

pl a gioclase by the saussuritization nrocess and to a very limited 

extent from biotite. All the secondary ninera l s which have been 

derived from the plagioclas e felds pars have fille d the fractured 

parts of the plagioclases . 

The biotites are Ilres ent in a subo r dinate amcunt consti t ut ­

ing about 2-3\ of the roc k an~ are less altered or transformed, 

keeping their original i gneous character. They are Slightly 

transformed along the r rain bO Godari es to chlorite which is 

par t ially ori ent ed . 

Duo to the presence of ext ensive r ocrystallised quartz 

grains, Heak f oli a tion and mine ral 1 inea ticn, abundant occurence 

of relict rr:iner<lls, secondary muscovit e , sericite, chlorite, and 

epidote the rock can be s~. i"t i;rJ he a low pr:1c1e w,;'1kly metal"or­

phos ed pre tectnnic I'ranit e. 
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2 . 2.3.2 Quartz Diorite 

A wider be lt of mas sive to we akly foliated, cesocratic, 

medium tc coarse prain ed qua rt z d iorite occurs i n the no rth eas t­

ern part of the studied area, wh ic~ a"~ears as elonga ted body 

trending north- sou th . 

Due to the int ense tropical Weather in g, it was immross ibl e 

to delineate the contact between the quartz diorite and the 

granitic bodies. It is hi ghly fractured and locally faulted with 

a lot of ve inle ts runnin ~ east - wes t cros sin? the general trend of 

the rock unit. 

Pet rographic study disclos;;cl the existence of f e l dspars, 

quartz, biotite, amphiboles , pyroxenes, epidote, zircon, apatit e, 

sphene, magnetit e with rin is of hematite, muscovite, se ricite and 

minor chl orite. 

The plapioclas e fel ds~·ars are andesine in comnos i tion and 

some of the m are zoned and are variably affected by metamorphic 

t r ansforr,mt ion , where sO~1e of t h e ll'oracrysts are transformed to 

s e ricite , ffiuscovit e and ep i dote. Alkali f~ldspar dominant ly 

perthiti.c mic rocline, are few wh en c OJ;lparec1 w it~ vl aE'ioc lase. 

Some of the f e l(l sna r )'rHins are surrounded by oriented e11 idote 

and other minute metacrvs t s of muscovite an~ seri cite. 

The pyroxenes are extensively transformed, GSDocia lly a t 

th e rim, to G new metamo r n;·. ic mi ne r a l of na l e-·preen 'lrr.phibo l e 

with r e lict fe atures Ht tha COTe. The oripi na l ~apmati c amnhi-
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Fig. g Biotite granite: alteration of plagioclose 
feldspars, biotite and recrystallized quartz. 

X-nicolS, magnification 3SX. 

Fig. 9 Quartz diorite . Recrystallized quartz, altered 
plagioclase and biot i te . 

X-nicol,f, magnification 3SX. 



.• 27 -

bol es whi ch appear to be pa l e-b rown to deeD r. r een a r e also trans ­

for me d to a new pale- gre en me t amorph ic amphibole . 

The biotite is less a ff ecte d by the metamorphic e ffect and 

there exist only very few s e condary products and chlorite is the 

dominant one. Biotite shows a parall e l ori entation along a 

particular direction excep t along shear zones wh e r e disorientation 

of minerals is exhibited. 

The equant granoblastic aggregates of quartz grains show 

undulos e extinction in a cloudy appearance and are extensively 

recrystallized with lenticular and subspherical sh ape occupying 

the interstitial position surrounding some of the fel dspar grains 

forming mortar texture . 

There exist lot of s phene which could probably be of meta­

morphic or ipin, zi r con an d apab te as acce ssories, toge t her with 

magneti te and hemati t e whi ch ar e remnan ts of th e oripinal magmatic 

rock . 

The dark min eral of the ro ck is constitut ed by biotite , 

amphiboles, pyroxenes, oxi de s, and '~ T)i d ote , where biotite is 

dominant over the others . They totally make about 15% of the rock. 

Texturally the rock is s ub granular with r e lict me gacrysts of 

felds pars and exhibits i diomor phic to hYDidiomorphic porphyrocl asts 

in a n;atrix of microli t es of mus covi t e, s e ricite and chiori te . 

The exi s tence of we ak fo li a tion, rec rystall i ze d quartz, 

secondary lI'inerals of me tamor::>hic ori f in (ch lorite, s e ricite , epidote 
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and pa l e- green amphi bol e), and abundant re li ct crystals indicate 

a low grade re f ional meta mo rphi s m of a pre-exi sting plutonic rock. 

2.2 . 3.3 Me ta-wicro Diori te 

The western part of the studied a rea is covered by dark- gr ey, 

mass ive to weakly fo li atcG, medi um to fine pr a i ned di oritic body. 

It shows no flow structure, awl a t some limite d localities there 

exis ts concentrated amphibol es which is quite bi g in crystal size 

wi t hout any pre fe rred ori en t a tion. These amph ib ole rich, me l ano­

c r atic small bodies with in th e diorit e could be xenoliths . 

The section s tudy showed tw o compositionally distinc t types 

of dior i ti c bodi es. 

2.2.3.3. 1 fy ro xene - hornb.l ende - \) i ot i t e -di ori t e 

This rock unit is finer in prain s i z8 than the bioti te-pyroJ( ­

ene-hornblend-diorit e . It is main l y const i tuted by plagioclas e , 

b ioti t e, al~.phib o l es, vyroxenes, a lkal i feldspars and ep i dote, 

sericite and chlorite of me t amo rphic origin. 

The dusty plagioclas e, whi ch is gr eater in ab undanc e than the 

alkalifeldspars appears as s tumpy , rectangular forms forming ortho­

phyric textures. They are s li gh tl y a lt e r ed to sericite . 

The pyroxenes and th e primary brown amphibol es are a lt e r ed 

to a certain degree t o pale green amphibol e . 
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Biot i te, which is t he dominant co l oured mine r al is sliphtly 

transformed to chlorite . 

There is a t endency to porphyritic texture formed by mlcro-

megacrysts of pla pi oc las e feldspa rs assoc i a ted with small crystal 

inclusi ons of pyroxenes and brown amphibol e exhibi ting po ilcilitic 

textur e. 

The rock is poorly me tamorphosed with well nreserved igneous 

te xtures . The metamorphic effec t is revea l ed by the pr esence of 

few epidote, some sericit e inside plagioclas es , very f ew chlorit es 

from biotite, and pal e-green aggr egate s of amphib ol es, whi ch a r e 

products of metamorphic transforrra tion of pre-existing mafic 

mine r als. 

2.2 .3. 3.2 Biotite-py roxene-hornb lcnde-diorite 

This rock unit i s co~rser in grain size than t he previously 

discussed rock. 

It is mainly constitut ed by pla ~ioc las e, amphibole, pyroxenes, 

few biotite, epidote, sericite, apatit e and opaques. 

The plagioclases are par tly transformed to sericite and ep idote, 

while th e ~afic minerals , pyroxe nes and brown amphiboles are vari-

ably transformed to pale··green amph ibol e. The pyroxenes are cons-

tituted by ho th ortho and cl ino-ryro xenes . 

The opaque min~rals might he magnetite and there Bre very few 

squa rely sect ioned opaques which are pr obab ly sulphides. Among 

the accesscri es apat ite is very abundan t. 
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Some of the me gacrys ts of plariocl ase Rr e noik i li ti c as they 

conta in sma ll crys t a l incl us i ons of pyrox ene s an d amohiboles. 

The order of c ryst a lliz a t ion i s rive n by pyro xene , then amph ibol e 

fo l lowed by p l agioc l as e . The conclus i on is derived fr om the fact 

that the a~phib o l e s a r e pres ent surrolJndin ~ the nyroxenes, whi l e 

both t he amphibo l es and pyrr, xGnes 0 c cur wi thin t he p l ag iocl ase 

as small i nclusions. 

Most of the mineral gr a in in thi s r ock assume a parallel 

direction of orientation . 

Though both r ocks ar e affected by a low frade ~etamorphi s w , 

the metamo r phi c t r ansform&tion is mor e pronounce d in this rock 

than in the previ ously di s cussed dioriti c body. 

2.2 .3. 4 Me t a Gabbar o 

This rock type i s exnosed west of Gull i so t own formin g a 

continuous ridge known as I Sol 010 Ridge ' . It i s dark to preen 

in colour , coars e gra ined, mass iye to weakly fol ia t ed and hard t o 

break . 

The rock i s main l y composed c f plagioc l ase of l ab rado rit e 

composition, pr een and brown amphibol es, red to brown biotite , 

pyroxene, and secondary min8r a l s re s ult.i ng f r om metamo r phic trans­

for mat ion . 

Al ong a fract ure zone t he re ex i st eq ui pranul ar , we ll packed, 

polygonal quart z grains as soci at ed with calcite forming pranob l as­

tic t 8xture , which probab l y be a secondary hydrothe r mal filling. 
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Opaques, prpsumably ffi s gnetite, occur in a sutordinate amo unt 

with a cloud of s eri c it e and chlorite microlites sllrroundinp 

plagiocl Rse alld biotit e r espective l y, resultin~ from a later event 

which is relat ed to the nartial or complete retrogression of hiph 

temp e ra t ure mineral s . A lot r;f el1idoU; is sC<ltt e red wi thin the 

rock, resultinp from meta!llorphic transformation of plafi. oclases. 

The clino-oyroxenes which exist in the rock are hi ghly trans-

formed along the border with relics at the core into an acicular 

aggregat e of pal e -green a!l'phi bo l e . The or i ginal brown amrhibole 

of the r ock are also trans f or med into pale-green amphibo l e of 

metamorphic orii'in. 

Some of th e fe l dsnar laths pr esent are totally engulfed by 

pyroxenes formini' blasto-ophi t ic texture , ·while in s ome cas es the 

the average l enpth of the pl<lgioclase laths exceeds that of the 

pyroxene gra ins, and the l att ro r only nartly enc los e a number of 

the forme r forming a blas to - subonhitic t exture. 

Th ::. mineral assell'b l ag G r es ultin p from the metClmorphic trans-

formati on indicate a low gr ade metamornhism. 

2.2 .3. 5 FYroxenite 
.' 

This rock Llni t is eX})0~8 ·:! at the south eas te rn ma r gin of the 

studied area . Th e exposures are r estricted a lonp hil l s ides 

around Limo and alon~ Bi rb ir River . 
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It is f!.rey- rreenish in c010ur Hi th dark wea t hering surface, 

very coarse gr ained, massive to "eakly foliated ar.d highly frac­

tured alld alt e red. A bi ~ promi nen t quartz ve in has dis sected 

t his rock prior t o defo r mation Bnd has been defon:ed t C!1ether wi th 

the host rock keeping the sa~8 stri ko. 

The rock is ~ainly composec1 of clino-pyroxen,-" amphibol es , 

an d serpentine. 

Though the py ro xe ne prains a re 11i phly trans for med around th e 

rim to an acicular apf!. r egate o f ra l c-~ r e~n a mphi bole, in some of 

the thin sect ions th e re exist ~ell preserve~ c rys tals. 

Amphiboles are also trC'nsfo r l"ecl t o ne\; palc--r!Teen and colour­

l ess ac icular amphibol es . Se rpentin e r.-:ipht be derive c' from amphi­

boles alte ration . This is ascertained by non-existent of relict 

mineral s of olivine Rnd by the fa ct th3t some o f existinp amphi­

bol es and serpentine occu-:JY inte rstitial nositions. 

The accessories an: const::i tutec'_ by some iron o-- oxi des (opaques) 

and a lot of inclusions SOM~ of which are apat it e . 

2.2.4 Vo lcanic Rock 

2 .2 .4.1 Ol ivine Basa lt 

The vas t vortion of thc south-weste rn ;ca rt of t he area is 

covered by a welanocratic, fine prained, ~assive and lus trous 

olivine basalt. These ro cks in out c rop are found along hill t aos 

and river beds as r e mnant s fro m the lateritiz3tion effec t which 
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cr ;llnbled do wn evervthinl' to lat'lritic soil ane'. silici fied crustal 

limc];i tic rna terial. 

The weatherinp nroduct of the basalt can clearly be seen at 

some local itie s in s l~cces si.on from lateritic soil to unweathered 

fresh r ock. At station \-14, Sou tll-west of Andu Vill £~e, near 

Gojcmc River, the upper p~rt of t he slope is totQlly covered by a 

well deve loged soil, next to tha soil is yellow to reddish, easily 

friable crustal lin10ni tic mat0ria J which rests on partly weathered 

rock material with a lot of cavities on the surface, and these 

parts of the rock grade t o uJ"!eFlt hered, lustrous fresh rock, 

which make the bed of the River Cojrme (Fig. 12). 

The studied thin secti.ons rar,pc from aphy ric to subporpyritic, 

with micro-ohenocrysts of olivine and clinopyroxene . The ?round 

mass is constituted by euhtc'rql to s ubhenra l r ra ins of nlarioclase 

laths , pyroxene, an~ olivine cnclose~ in black t o bro~n flassy 

mesostas is e which is oftei1 c!evitrifieC:. The few phenocrys ts and 

S01'.e of th e nicro Dhcnor:rysts of oUvinc and ny roxen e ere resorbed 

and have reaction riJT1 with -;:!1€ rroulld mass r esu l t ing in a contorted 

boun~arie5. These phenoc~ys t s. the ct~er unaltered Rra ins of 

olivine, and pyroxene coul~ be xenoc rysts of older material. 

The clinopyroxene is usually JTluch more ahundant in the matrix 

than olivine . ThE plagioclcse in the [ r ound Rass vary from non­

orien ted to weakly alipned; co~?ositionally they are pre~ominantly 

in t he sodic labradorite rRnee. 
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Fig.to ; Pyroxerite: megacrysts of altered pyroxene (Py) 
and serpentine (Srp). 

Fig.!! : 

X-nicols, magnification 35X. 

Olivine Basal t: olivine micro phynocryots (01) 
in plagioclose laths; some of t he olivine grain 
are resorbed. 

X-nicol'S, magnification 35X. 
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Opc,que minerals, nroba bly mavneti t e , comrisEf about 5% of the 

constituents of the r ock. Fo rnbl end e anrl bio ti t e occur in a s ub ­

ordina t e amount whil e ap5t i te is accesso ry. 

Texturally s om0 plagioclases exhibi t oph iti c to s ub- ophitic 

relationshir wi th augite; olivine i s f ully euhedr a l in mos t cas es 

but rounded or partly r eso rb ed grains occur; some grains c lump 

together to r ive rlo meroporphyri tic Rgrregates. 

2.2 . 4.2 Silicifi ed Res i dual Limonitic Laterite 

Th e lateritic weathering products of the youn.\! bas alt cover 

most of the sou th -western part of th e studied area. They are 

he t erogenous in appe arance, and lipht to dark-brown and ye ll ow to 

r eddi sh in col our . In most cases thes e r ocks are fri ab l e to 

earthy mater ial and very sel dom · th ey are ha rd and compac t. They 

s how concent ric laminat ed te xture conta inin r small dark nodu l es 

assoc i ated with vesicular struc t ures. Th e ir associati on with the 

unalt e r ed basalt is dis cuss ed under 2 . 2.4 .1 and the sketch is 

given in Fie. 1 2. 

It was impos sib l e t o mak e thin :md polished sections from 

these rocks, but chemical analysis for seve D selected sampl es was 

made for bo th ma jor and trace element s and the dBta are discussed 

under Ch~pter 5. 
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2.2 . 5 Mata Sedimentary Units 

2.2.5 . 1 Quar t ziferous Mi caceous Schists 

This rock unit i s exposed a lonp stream beels coverinp a larger 

area. Most of the outcrops a r e hiphly weathered, easily friable, 

soaked with water and covered by stream side sm~ll plants. 

The fresh outcrop varies from prey to blue and to pale-Rr een 

in colour, and is fine ?r~ined. soft, Rnd sli?htly talcous. The 

rock is at places intcrlayerc J with very small dark graphitic 

material and is well foliat ed and crenul ated with mode rate segre-

gation of mi nera l s. 

Petrographic study shcwec the presence of muscovite, chlorite, 

and very fel'; biotite, and quartz. The quartz is fine in prain si ze, 

but elongated a l onp th e direction of foliation and is extensive ly 

recrystalized with some of the prains forminr granoblastic t extures . 

Quartz and mica ll'incrals form alt ernating laye r s, which are 

parallel te one of th e schi!;tosity planes . The quartziferous layers 

contain minor amoun ts of muscovite, which has paral l el orientation 

whereas the micaceous layers have very few, if any quartz minerals. 

Th e mi caceous minerals constitute the fo li a tion of the rock form-

ing ribbon t exture with t 11at of Quartz (Fi g. 1 3). 

The number of deformational en isodes shoul (l a t least be two 

where one i s to form th e foli a tion (51) paralle l to the original 

stratification (So) and the other is to form the fold fabric (52) 

which cuts Sl and So at an angle of about 45-500
• 
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Fig. 13 : Quarziferous-micaseous schist showing inter 
banding of Quartz (Q) and JPicaseous minerals 
(mic) and crenulated foliation . 

Crossed nicolS-JJ1.agnification 3S X . 
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2.2.5.2 Ferruginous Ouartzite an~ Associa t ed Mapneti t e /Hcma­

c ite Lenses 

The ferruginous qua r tzites with tlleir marn etit e- hematite 

lens es appear in a lithologically we ll determined horizon belong-

ing to the sequence of the Prec a~hrian metasedimentary units. 

The fine grained, schistose anr\ r ed brown f e rruginous rJuartzites 

crop out in a narrow belt strik inr north-south . The quartzites 

se l dom change het e ropicall y i nto magnetite-hema t it e l ens es; as 

it can be s e en at Cha go and Woreka lu. 

The iron are horiz on is mostly covered by t h ick lateritic 

soils. Due to the thick overburde n, it i s impossib l e tc cleter-

mi ne the exac t dimensions of the ore l enses by surface geology 

without conducting geophysi cal survey an~ tren c hi ng . Rudis 

(19 64 ) and Belay (1980) hClve carried out magnetic survc:y and made 

some trenching both alon g an d ac ross th e strike of mineralization. 

At Worekalu, which i s south cf Chapo th e r e is a large trench 

with fine to medi um size d detri tal flo a ts of iron a re . The 

position of the mineraliz 3d zone is naral l e l to the main ferru -

ginous quartzites trendin g north-south. At Chago the ore occurs 

in lar ge and small blocks with some de tr i tal flo ats mixed with 

soil (Fig . 14). The ma gnetite- hematite l e ns es show simi lar 

fea t ures throughout th e exp l or ed area. It is dark grey to nearly 

black in colour with a metall i c luster. The ore is usually compact, 

massive and hard t o break. 
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Petro ~ ranhic study o ~ thin and rolished sections of the f er ­

ru pinous Quartzites reveal ed the e xistence of ma gnet ite , hematite , 

hydroxides of iron , an d. quar t z . Tho ufYh not all, some of the 

sections show clear interbeddi ng of mapneti te and quartz. Pre f e r ­

ential gr o\'l th of bo t h the iron ore ano quart z can be s -"en 1n somc; 

of the s ections where the gr a ins of quartz are fr ac t ured and show 

wavy extinction. 

Most of the magnetit e grains are martiti zcd and chanped into 

hematite, especially alon z fractures and grain boundaries. A 

considerable portion of th e magnetite grains show a very advanced 

stage of martitization , wh e r e s ometimes thoy are completely trans­

formed into hematite, with r e li c t outlines of the pr evious magne ­

tite . Limonite occurs in a subordinat e quan t ity mainly as roethite 

and seldom as lenidocroci t ~ . 

The magnetite-hematite l ens es are ra t her more compact with 

less quartz, when comnared with the f e rrurinous quartzites. The 

quartz grains are finer than the marneti te--hemati te minerals. In 

some sections the quartz gra i ns show very faint s e gregation with 

pre ferred orientation, whil e in other~ they are disseminated form­

ing clustered aggr e gates , ~llld in some of the s'lr.mles investigated 

they appear in a very well dev eloped interbanding wi t h magnetit e ­

hematite and barit e . This f eature can be seen both microscopically 

(Figs. 17 - 18) and macros copica ll y (Fi Ks. 20-22). 

Magnetite p.rains are rarely unaffected, they show a more or 

less high depree of marti ti za tion. Hematite ori ginated by marti­

tization is present surrounding mapn etite prains, especially 
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Fig.17: Interbanding of massive barite and ~gnetite. 
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Fig.19 : Barite: macrophotography of massive BarHe (B) from 
St. 29. 
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Fig.lo : Macrophotography of interbanding of magnetite­
hemati te (N), Quartz (Q) and Barite (B) , 
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Fig.?! : MacrO~lotograph of interbanded Quartz (Q) barite, 
(B) and magnetite-hematite (M) 

Fig.22: Macrophotograph of interbanded Quartz (Q) 
barite (B) and magnetite-hematite (M). 
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along fissures and faces of oc t3hedron. In the polished sections 

all stages of martitizatioD may be seen from th e initial stage to 

the complete replacement of ma gFetite by hematite, 

At one loca lity ncar Chilgc (Strrtion 29) there exists an out­

crop of barit e interbande~ with ma gneti te-hematite ore and quartz. 

A polished section study made at some nart of the barite revealed 

the presence of sulphides; namely fa l ena, snha l e rits, chalcopyrit e 

and covellite. 

Galena with its whit e reflection colour anpears surrounding 

sphalerite (Fie. 28). Within the sphalerite there are disseminated 

exs olution products of chalcopyrite with light yellow colour and 

high l uster . As can be seen from the section, there are two genera­

tions of chalcooyrite, where one is formed as e xsolution product 

from sphalerite (Cha lcopyri te II), while the second one is syngene­

tic with the other sulphides (Chalcooyrite I, Fi g. 28 ) . Cove llit e 

is present surrounding Ch alcopyrite showing its secondary deve l on­

ment from the latt e r (Fi g. 28) . 

The order of formation mirht be: first Cha l copyrite I, then 

sphalcri te followed by Chalcopyri te I I, which is the exolution 

product of sphalerite; palena comes before covellite which is the 

last product from weatherin g of chalconyrite. 

Both thin and polished sections studied on some of the samples 

of trench-3 indicate d the existence of spheroidal materials, wh ich 

appear in soli tary, in flairs, m:d in most cases as cOl onies. These 
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Fig.2J: Net of martifization developing along the fractured 
margins of magnetite (m). 

parallel-nicols. , magnification 240X. 

Fig.24: The above section in semicrossed-nicols. 
Magnification 240X. 
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Fig.;7: Fibrous net "ark of martiti:ation of magnetite 
to herr.at ite. 

X-nicolS, magnification 240X. 
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Covellitc (C). The background is l3arite (Il). 
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very small marn e tite-hematitc Brains are susnccted to b e fossils 

of micro-organisms and arc discussed in Chapter 4 under micro­

paleontology (Fig. 33) . 

2.2 .5.3 Quart z-muscovit e-sericite Schist 

This rock unit covers a larre portion of the metasediments 

and is pink in colour, lustrous, soft with dusty powder of red 

paint, fine grained and at various localities of its eA~osure, 

especially t o th e north ern part, it is stron gly weathered and 

totally crumbled to soil keep ing its strike and dip f eaturing the 

original position. 

The rock is intercal ated wi th a series of ferrugino us meta­

sediments associated with minor graphi tic nhyllites in the upp e r 

part. It is well foliated and strongly deformed and folded 

particularly at th e southe rn part of the studied area , and also 

dissected by prominent quartz veins a t various localities. 

Thin section study revoal ed th e existence of quartz, musco­

vit e, sericite, ch l orite and very few biotite with some accessory 

opaque minerals, poss ibly magnetite. 

Quartz occurs in th e groudmass and in a very few case as 

porphyroblasts. They are elongated and recrystallized along the 

direction of foliation. The fo li ation is formed by para ll el 

ali gnment of ch lorit e, muscovi t e , and ser i cite which have made 

alt e rnating stratification with the quartz gra ins, hence forminp, 
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t he lepi doblastic schistosity . These minerals which f e rm the 

foliation are fol ded topeth e r resultin~ from secondary stave of 

deformation . This fold ed f abric is more p r onounced in the southern 

par t (thin section 5l-b, Fi g. 30), and in the northern part of the 

area it is express ed by minor crenul a tion of th e foliation (thin 

section 2a , Fig. 29). 

2.2 . 5.4 Graphytic Phyllit e 

A sm all road side exposure near Chago a lon ~ the ma in route to 

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

sericite schist. It is pal e blue in colour, easily friable, very 

soft and shinny, fin e ~rained with silt size materials. 

Thin section study (s ample 4,0) showed the presence of very 

fine quartz grains, sericite , muscovite, dispersed or ganic matter, 

and opaques probably magnetite. The quartz rrains a r e uniformly 

dispersed and prefe rentially or iented with alt e rnating sequence 

with that of the muscovit e of the r ock. The rather uniformly 

distributed tiny orranic materials are dispersed throughout the 

rock and a re dotted in texture . It is mostly bl ack and dark-brown 

in colour , while thos e ass ociated with fractures are dark-brown 

with red shade. 

2.2.5.5 Quartzite 

This rock unit is exposed a t the southern part of th e studied 

area . It is a very small road side e xposure and sli ghtly affected 

by weathering. 
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Petrop"aphic study both in thin and nolishe '~ sec tions (sampl e 

58) revealed the existence of quartz, ve ry few f e l dspars, magnetite 

and hematite. 

Th e grains of auartz are we ll packed and shah' some dep,ree of 

recrystallization. They show a preferential prowth anc'. SOIT;e of 

the grains are fractured and sh ow wavy extinction. 

Minor interbandin gs o f ma gnetit e and Quartz a r e vis ibl e. 

Magne tite is concentrated at a particular l e ve l and also dissemina-

ted in the quart z grains . !~ re the amount of quartz is dominant 

over opaques (Fi g. 18). 

The rock shows an elon ga ted, seriate pranoblastic texture. 

2.2.5.6 Ouartz-sericite-chloritoid Schist , 

This rock unit is exposed at the side of a prominent ridge 

west of Chapo and alonr the main road to Ai ra where rock materials 

have been excavated for ro ad construction. It is li ght grey ish, 

well foliated, fine grained rock overlying conformab ly the quartz-

muscovite- sericite-schist . 

This sect i on study disclOSEd th e nresencc of quartz, feld-

spars, s e ricite, chloritcid, chlorite, muscovite and very few 

epidote, biotite, and pale"'green to ye llowish alQphih ol e . 

Qu artz grains are anrular to 5 ub -anpular, r ecrys tall iz ed and 

elongated along the direction of the foliation. Da rk to preen 

chloritoid minerals exist in the rock in equal amount with quartz 
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and are fragmented, massiv~. tabular to acicular in appearance, 

and are well disp e rs ed throuf hout the sect ions . (Fi g . 31) . The 

foliation is produced by t~e pre sence of stretched micaceous 

minerals alon~ the original b e ~d in r plane where it is constituted 

by musc ovite, chlorite, sericite, and few biotite. Faint to 

moderate segregation of minerqls can be observed parallel to 

schistos ity and the foliation is slightly crenulated. 

The quartz and the chlori to id are dominant over the micaceous 

minerals which exist in a subordinate amount. 

At least two deformational enisodes can be recognized from 

the thin section study: 

a) The parallel orientation of the chlorite and sericite 

with the ori~inal bedding (S ) forminp the foliation . 0 

plane (Sl)' 

b) The second foliation plane (S2) is nroduced by the chlori­

toid which has growri at abo ut 700 to the chlorite orienta-

tion. 

The dominant texture is lepidoblastic with minor granoblastic 

features . 

2.2.5.7 Sericite-chlorite- muscovite Sch ist 

This rock unit is exposed on a small hill top a lon g the road 

to Ai r a. It is fragment ed and scatt e red on the hill-top and 

probably lies conformably cn the quartz-sericite -chloritoid schist. 

But it is very difficult to fet a direct contact of the two litho-
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units due to th e int ens e weathering and thick soil cover. 

The rock is pale - blue in co lour wi th r ink-greyish weather­

Ing surface, has medi um Er a in size, and is well foliated. 

The pe tro pr anhic study s howed the nresence of qua rt z , 

muscovite, chlorite, sericite, few en idote and apatite and some 

opaque minerals, which probably are mapnetite. 

The quartz grains are fine to medium with some degree of 

recrystallization and most of thew shm< very irrer;ula r boundaries 

Bnd are dispers ed within the sec tion. Quartz contain several 

solid incl usions and some of then. are apatite and opaques. 

The muscovite appear in l ar ge crystal and are e l onpated 

along t wo schistosity planes which c ross at an an 71e of abo ut 45 0
. 

Sericite constitutes the fine grained matrix enveloping th e quartz 

grains and is not ori ented, which could nrobably indicate its 

formation by secondary transformation Droces s . Ch10rite is asso ­

ciated espe cially with unori ented sericite and als o occu r with 

muscovit e crystals a lonp schistosity planes . 



~ 
"-
~ 
f 
I 

I 
I 

, 

, .- -. -' ~. ... . '.- , -''' , . . ...,,~ .~ -. . ~- .. , " ~ .. ~ ) ~ " 

• :;- y . ~~ ;..< :-'..: ~ ;" :~;;:'. :- ,-::.; .. /::. 
I

_~ ~ ... ~ ___ ~~'- _. '.,.);r~...l."" ,-~ ., ' ... :....J.-
,_, ... - · <r'! - ... ~ ." 

.-: ...... '"'f ...... . :..I-~"" ......... , ~ ":.~~.( . .. ~ ,,-.\ ., .. - .- ,,', - .. ,' . ~- . ...,_ ..... ..., -
t

.,... .. - 1' ."' .• , " _ " ~."I- ""l"~-~" ~ .... ~ . . ' , ...... :ao--: -~,~.. ,""' . .." " . .. _.-;.... .... ~ ... - .' 
4 "-,.,,, .. .... " .. - A ,.... .' -- ' .~""'" , _ ,, _ .,... ~ . I , . . . ...... ..... "'" ." ,.J.' - -' , ~ '" _ ~. . . ..._-' . v "-'-I" ' .. ' . .6- '. " ' ..... . .... ' \\ 

,':::'"':=...j--:-f'-i :~<' : ~- ~~~~: ... ,..,;~ 2-S: :~;:>\::; 
•. ~':.., ' ';Io) '- -" ' ~'" ~\. '., ... . , . }- , ... . , 
t ... .,! .J"- • .~ ,-" ~_'"-I.... . Q - ..... .-- .,.., 
.. ;, .. ~ . ,_;.:},,~':.,: _) .,_ -,. . . ... . . ' ·1' ",.'...::.- .' 
't ~'" . ' .. .J\,_ .... - <11 . ...-{'.' <. / ,,;,.._ ... _~ ...... '-..: '. -:r~" . ...~. 

__ ~---"" ~,._ ... _""" . .......... ":7'''': 

,

. "" . . 4. ~, . .J .. , f;' - e · ...... " ,. ' . . . _. _ .. -"-I . ' ....... ",," . ~ - "'9 ~. J _ ···A - ~ ,-"..:-'-~--> 
_, ~.. . r - _ - . _ e.~- ...-:'" 

.... r .. ~, - - - ill ~ ... .;.;:- . ... , ...... -: -.;"~ - 1<-_ • < y 
. "'r'l-"" -fIr.- ~~ -; r . .J .~ ~ .......... . 

&* 1"; ;f>~'~.-1 ~-·\0~<:'--::::..s'" ~~ It - " - - ~-'C.~q. . ,,-~. ,- .-.;-. 'r .. . ~ I ,~,.~..(- - .,..-1" • ~ . 

Fig. 31: Quart:-sericite-cJ·toritoicl S€hist: alignment of QUill't: lQ) 
and scric ite (Sr I. 'n1C' chlor i toid lehel ) i" inc lined 
at an angl e to tile foJ iat ion (5

J
) . 

\-nicoJS, magnific:ltion 35\. 

,. :r· .• 
-'"~-""":~·"t' -;'. " 

.' .·~.;~.h -.;.. .- -' hm 
" .. ~~~ '- <~"~' '-::.':"'$ ~~~, . .. ... --

... ~~~ .... .- ..... c.. ~ . . --'--.--.- ~ , --:.s.."""- -j.,.,.. . ~ . , -- -~ . - -...... -( ... 
.. ' • 11 -~ .. , - "p. _~ '~£ , -... (){ ,...~. .. . .•.. . " . '.- ...... ." . . ... . - ':..v' ~.~ , ~..::::- I ~"'''. .l ..... -~ 'J-~"! """ ....... .. 
~ '-4. " ;., .. ~.-:... "'t..l. .. . :.t~_ . . ,' .. .. .... ........... . '-~f \ • J....,j ..... J .......... • • ~ 

. --,_',' .. "..I .• ··,.. ...... ·'W"t'_~.#,...,_ • 
'"'i' ' .. f'. ... ~ ... ' ,.-- ~" ..... ' 

~ '..;I"'~" -' • /IV • ~ • '\. -ii:d.~ _~.' ,. ~ ~ •• WIt~.. '." i.:.'... . .. ' ~;. ~\c.~i.. .. Ii.:.. ... £L .~ 
,.r,~ ~:... .. ... ., --i I ~ • • 

:. .·';~r'.tl.;:;>:-.~\:: .. :~~!.~_ .. , ' . L.~.-,;£w?k-'...:. :":.L·~ .... ~.! ... ~. .!! 1 y··s-p.Qr# 

F'ig.}c: Seri,ite-chJorite-musco\'ite.Chist: co~rsc gralils 
of Quart: (QJ and muscovite lmu). Thev .Ire 
elongat.ed along the shistositv plane . 

\-nicols , magnification .35X. 
• 



- 58 -

2.2.5.8 Lith-Arenite 

This rock unit is exposed west of Chago formin g a r rominent 

r idge, and is gr ey to pink in colour with reddish weath ering 

surface . It is a mass ive, bounderv and scattered outcron, and 

due to the intense weathering and thick soil cover of the area 

the contact of the lith-arenite with the other litho-units can­

not be clearly identified , hut it could nrobably be an intercila 

tion within the schists. 

Thin s ection study showed the existence of quartz, sericite, 

felcspar, subordinate amount of chlorite and biotite with so me 

opaq ues, prob ably ma gnetite. 

Quartz Frains are rather medium to larre crystals and ranpe 

from angular to rounded in sh ape , and most of the rounded and 

subrounded grains of quart z ar e fractu.red, while some of the 

angul a r grains do not show fractured surface . "lostly there is 

no contact between the grains of quartz, and are embedded in the 

sericitic matrix, There a r e probably two generations of quartz, 

as the rounded to subrounded grains of quartz have been derived 

from a very far source area as independent pr ains, whi le the 

angular and unfractured quart z gra ins could be added t o th e basin 

from nei ghbourin g a rea without lonr distance of t ransportation; 

or could have been releas ed from rock fragments within th e basin. 

They are r a th e r uni for mly distributed and could have been settled 

in agitated water. 
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There is no well developed foliation, tile sericitic mat er i a l 

does not show any nreferential orientat i on rath er differently 

or ien t ed enclosinr t he quartz grains. Its aprearance as a pseu­

domorph cou ld indicate a nrobabl0 transforwation product from 

felds pars. 



i 
I 

- 60 -

METAMORPHISM AND STRUCTURE 

3.1 Metamorphism 

As observation on metamorphic mineral assemblages indicated, 

the explored area has been affected by regional metamorphism which 

involved both the plutonic and sedimentary rocks. 

The mineral assemblages found in both rock types are: 

muscovite-sericite-chlorite-epidote; 

Quartz-sericdte-muscovite-epidote-pale green 

amphibol e-chlori te ; 

pale green amphibole-chlorite-epidote-seric·ite; 

serpentine-pale green amphibole; 

pale green amphibole-chlorite-seric.lte-epidote 

Quartz-seric~te-chlorite; 

Biotite-muscovite-chlorite-quartzj 

Quartz-chloritoid-chlorite-muscovite; 

Sericite-chlorite-muscovite. 

The rocks have undergone low grade regional metamorphism 

of green~hist to lower amphibolite facies. The metamorphism 

and degree of deformation seem to increase to the southern part 

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

are highly deformed and folded with segregation of minerals 

forming thin bands. 



- 61 -

3.2 Structure 

The structural study of the area has suffered fr om lack 

of outcrops, int ens e weathering a nd very thick soil cove r, which 

made almos t imnossible to make an accurate structural reconstruc-

ti o~ and inte rpreta tion. 

Foliation and/or faint gneiss ic lavcrinp is the dominant 

planar feature in the studied area . The foliation is defined 

by the parallel nreferred orientation of platy minerals whereas 

the g&eiss ic layerinr is defined by faint se~regation of dark 

and light minerals. These features have a general NNE- SSW and 

NNW-SSE trend with moderate t o steep (lins towards west or east. 

In the eas tern half of the area, these nlanar features 

predominantly dip to the east with average dip angle of 65°, 

whereas, in the western half of the area, the planar features 

with minor variation dip to the west with average dip angle of 

600 defininE a major antiform. 

At l east two phases of ~eformation are recogni ze~ in the 

rocks. The early phase, producinr the regional foliation ,Sl)' 

is axi a l planar to the tipht isoclinal folds and often completely 

transposes the oripinal sedimentary layerinr (S). The second o 

phase of deformation (S2) is expressed by the formation of the 

fold fabric, resultin? in a ser i es of isoclinal folds with 

southerly Dlunping fold axes . 
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Mineral lineat ion due t o ali pnment of prismatic mine rals is 

the dominant linear feature in the rocks of the studie d area. 

Thes e linear features have a pronounced nearly north- south 

trend wi th plunge 05 0 
- 200

• 

Systen's of 'luartz veins trenc'inp north-south and E-W cut 

the rocks at different loc a liti es . 

NW-SE trendinr fractures an~ minor faults are observed on 

air photographs and some are confirwe d in the field (Belay, 

et.a., 1980). 
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4. Micro Paleontology 

Micro paleontolopical investil'ations carried out on samples 

No. T3-7 both in thin and 'Polished sections have revealed the 

occurrence of larl'e populations of s~heroids of certain 

cal origin . Such organisms which have a medium size of 

biologi­

-4 7.8 mm 

occur as solitary individual s but, most commonly , occur in 

populations of a fel' to several cozen cells in close proximity. 

1'~1en in large populations, indi viduals are closely packed 

(general ly the sphericity is not lost due to the material com­

paction), but adjacent cells i n most cases are separated by a 

few microns of space . Such Spheroidal bodi es , in many of which 

dark inclusions (nucl e i?) are observed, strongly suggest algal 

ori gin (cynobacteri a ) particul a rly in their size range. At the 

scope of the present study it is not possible to state whether 

the dark inclusions are r ea l nuclei (and hence eucaryo tic cells) 

or not; because such inclusi ons can be also satisfactorily 

explained as procaryotic r: e l1s , which have under gone plasmoli-

tic degradation. 

Incomplete preservation , most ly du e to diapenetic alteiation, 

mine ralization, and metamorphism a detailed taxonomic interpreta-

tion cannot be piven . As a pre liminary study it can be stated 

as undifferentiated biospheroids. Powever some s imilarities 

with the blue-gree n algal genera Myxoccocoides and Gloedionopsis 

are observed. 
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G IDCHB4 ISTRY 

5.1 Introduction 

Chemical analyses for '1 8 rock and ore sar;lpl es were conducted 

at the Ch emical Laboratory of f.thio pian Institute of Geological 

Survey. Both major and trace e lement determinations have been 

carri ed out. The analyze d ma j or elements are Si02 , AI Z03 . Fe Z0 3 , 

FeO, CaO MgO, Naz O, KZO, MnO , TiOZ and PZO S' while the trace 

elements are Co, Ni, Cr, Pb , V, Zr , Ba, 1<10, Mn and Ti. 

The results have been tre ated ~raphically , and an interpreta­

tion was extracted in orde r to determine the environment of forma­

tion of the various rocks , the ir relationships, and source of 

materials for the various li thounits , and afe of rocks and mineral­

ization . 

5.Z Sample Preparation for Anal yses 

The main process es to be considered in preDaring a sample 

for chemical analyses are : drying, crushin g , sieving, quarterin? 

and grinding . 

Aft e r the samples we r e dri ed, crushing is necessary to reduce 

the rock size, so they may pass through an appropriate screen. 

In order to obtain a truly homogeneous and representative sampl e , 

the rocks should he pulveriz ed to pass throuph a ZOO mesh screen. 

Two stages of crushing we r e used; the first one was to reduce 

the bi g samples into small fragm ents, the s econd st a ge of crushing 
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further r educed th e small fragments into finer ones prior to 

quartering. 

After crus hin p: the sampl es were mixed and quartered in 

order to obtain a renresentative nor tion of a l arge sample. 

Following the quartering process a small portion (10·· 15 gms) of 

the rock , was taken and grinded by means of a non-contarr.inatin~ 

mill, to ensure a representative homopeneous sample " 

1\"0 methods of grinding were used in order to avoid conta­

mination of the samples. 

a) Cobalt-Tungsten , and 

b) Chromium-Iron. 

The cobalt determination was -;:arried out [rom the sampl es 

grinded by th e chromium-iron mill; while th e chromium and iron 

analyses were made from the samples prepared by the cobalt-tun­

gsten mill. The met hod has contributed a lot, to minimize the 

risk of ana l y tica l errors. 

5.3 Methods of Analyses 

The test samples which we,e lHe~ared according to the methods 

explained under 5.2, were analyzed using instrumental and chemic al 

methods of analyses for major and trace elements . 

The instrumental methods of analyses include 

1. Atomic absorbtion spectrophotometry, and 

2 . Optica l emission spectrophotometry. 
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While the chemical ana lyses il,cl ude 

1. Titrimetric 

2. Colorir.letric, and 

3 . Gravil!letri c 

All the oxides, except FeO , Ti0 2 and FZ OS and some of the 

tr!lce elements (Co, Ni, Co an e! I'b) were determiner! using the 

atomic abso rbtion spec trophoto me ter; whil e the analyses for the 

rest of the trace elements were carried out by optical emiss ion 

spectrophotometer. 

TiOZ and FZOS were analyzed by colourimetric method, where 

th e absorbance of colour compl exes is deterl'lined . 

Ferrous oxide (FeD) wes determined titrimetricnl ly. where 

the f e r rous ion was oxidized to ferric ion by usin g meta vanadate 

as oxidizing arent . 

Moistu re content and los s on ipnition were de t e rmined using 

prBvimetrical method of an a lyses . 

Two methods were adopt ed in pref)arinR analytical test solu­

tions. 

1. Cold P.F attack, and 

2. Fus ion 

In both cases 0.2 P. of the samnle was accurately weighed 

to the nearest 0.001 g. In the fusion method lithium metaborate 

and/or tetraborate were used as flux depending on the nature of 

the sample. 
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5.4 Geoche~istry of t he Plutonic and Basnltic Rocks 

5. 4.1 Introduction 

The data obtained froTh t :1B chemic al analyses of tllO plutonic 

and bssaltic rocks arc att ochcd under Tables 3-1B. They were 

used to plot both binary and trianpular varia t ion diagrams; when 

the results are apnlied to d-c'iw r e lationship among the diffe rent 

Ii thouni ts. 

Twenty samples of pran i te, quartz diorite, diorite; gabbro, 

and basalt were used to plot t he variation di agrams. A mini 

compute r was USE.d for ulotting, v.ivin g different syrribol s for the 

different rock units. 

Rock No. - Samples ~mbol Used 

Granite 4 + 

Quartz diorite 4 x 

Diori te 6 * 
Gabbro , 

If:) 
~ 

Basalt 5 ~ 

The basalti c rocks are us ed together with the metamorphosed 

plutoni c rocks in order to compare the chemical composition of 

the ori Einal magmatic mat erial of the pluton i c ro cks with the 

youneer effusive ones. 

5.4.2 Variation Diagra ms 

Chemical variation within the rocks of one magma series, or 

among the rocks of different pe tropenic nrovinces , can be conve-
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TABLE 3 Major Element Contents of Biotite Granite (Wt %) 

Field t No. Si02 · A1 203 Fe203 CaD MgO Na20 'SO H2O L.O.I. .MnO . Ti02 P2 05 

'. ' 
A-54 77.0 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 1l . 5 2.22 ., O~ q. ~ . 0.2 , 2'~1,;S 4:~ ~.,.: o~r 0.8 < 0.1 0.32 0.04 

~ .. • ... ~ • . • • _ ,(,: .. ~ t '. 

56 77.0 10.4 2-.22 "0.8 ' - O.;! ": · 2. ;· 8' >~iI>.4 ' ''':$: 1'' 0.8 < 0.1 0.15 0.03 . .... ! ' ~', , .... \ :1" k , ' , ' ! 

57b 74.0 ' 13.1 ' \' 2.58" ~ ,.~;6 .,' 0.6 , ,. 3.5 ;., 3: ,4: \ ' O~ 'I; "-, , O~ 7 . __ < 0.1 0.20 0.08 s . ~ -'...:. ' ...... .... ~ ~ .. _ .... " -.. ... - ~' .. -

TABLE 4 Major Element Contents of Qu. artz Diorite (Wt %) 

A-10 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 8.10 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 0.16 

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 



- 70 -

TABLE 5 Trace Element Contents in PPm of Biotite Granite 

Field 

No. Co Ni Cu Pb Cr Mn Ti V Zr 

A-54 5 10 225 20 5 200 2000 20 300 

55 10 10 50 20 5 500 2000 15 500 

.66 5 10 15 15 5 300 2000 15 300 

57b 10 . ·10 --· 70 ·20 5 500 2000 50 300 

TABLE 6 '~ace Element Contents in PPm of Quartz-diorite 

A-IO-

59 

60 

61 

25 

25 

25 

_25 

20 '1l520 

30 

25 

70 

70 

25 245 

30 105 

30 400 30 100 

150 300 50 30 

2000 5000 300 300 

2000 5000 300 200 

2000 5000 300 300 

Ba Mo 

2000 0.7 

1% 0.7 

1% 2 

700 

0.5 

1000 0.7 

1000 0.5 

700 0.5 
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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 Ti0
2 P205 

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 0.2 7 

39 50.0 14.8 13.30 10.0 6.6 2.9 0.4 0.1 0.8 0. 2 1.7l 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 i Major Element Contents of Gabbro (\Vt %) 
t 

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 13 Major Element Contents of Pyrox~nite (Wt %) 

A-47a 50.0 3.0 9. 15 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 10: Trace El ement 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 SO 0.7 

21 20 80 215 20 100 3000 7000 300 200 0.5 

74 30 SO 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 SOD 3000 5000 SOD 100 SOD 0.7 

7a SO 65 ISS 20 100 3000 1000 300 70 0.5 0 . 5 

TABLE 1i: Trace El ement Contents in PPm of Gabbro 
~ "...,. . 

A-38 55 150 95 10 215 3000 3000 200 100 2000 0.5 

TABLE 11: Trace E1emerlt Contents in PPm of Pyroxenite 

A-47a 

48 

49 

20 

40 

70 

90 

45 280 

170 15 SOD · 7000 2000 200 

55 10 700 3000 2000 200 

480 30 700 3000 700 100 

SO 

20 

0.5 

0.5 

10 200 0.5 
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TABLE :i.3: Major Element Contents of Olivine Basalts (Wt %) 

f 

Field t 
No. Si02 A1 203 Fe203 CaO MaO NazO K.zO ~O L.O.1. "MnO TiOz PZ05 

A-12a 46.0 12.2 14.58 9.4 8.8 1.4 1.4 1.5 1.9 0.2 2.50 0.74 

14b 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 

75 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~onitic 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. 0 11. 3 60 . 55 <0.1 0.2 <0.1 < 0.1 1.9 12.1 <0.1 2. 20 0.48 

14a 17.0 20.3 41.18 0.6 0.4 <0 . 1 0.2 4.1 13.6 0.5 2.06 0.87 

15 19.0 18.4 45.04 0.4 0.2 0.2 <0.1 1.6 12.5 < 0.1 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 <0.1 0.4 11.2 0.2 1.5 0.41 
77b 14.0 10.1 59.90 0.1 2.2 < 0.1 < 0.1 0.3 XO.3 < 0.1 1.67 0.63 
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TABLE 15: Trace Element Contents in PPm of Olivine Basalts 

Field . 

No. Co Ni Cu Pb Cr Mn Ti V Zr Ba Mo 

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 

14c 55 140 95 35 300 3<XD 1000 300 200 2 

TABLE 1(;: Trace El ement 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 45 115 300 3000 15 50 1 

\ 
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TABL r 17 : Avera!,e Chemica l Compositions (Oxides, wt %) 

of the Flutonic and Younper Volcanic Rocks 

Dements 
(wt %) 1 2 3 4 5 6 

Si0 2 76 58 . 5 50.16 48 . 0 46.2 49.33 

A1 20 3 11.87 15.75 15 . 55 15.6 13.9 2.23 

Fe203 2 . 18 8 . 9 12.81 12.01 14 .91 9.02 

CaO 0 . 85 5.57 8. 55 7 . 2 8 . 84 16. 26 

MgO 0.3 3.05 6.05 9 . 0 7.04 19 .13 

Na 20 2 . 92 3.6 3.03 2.7 2 . 3& 0.26 

KzO 4 . 5 1. 82 1.00 0.8 1.3 <0.1 

H2O 0.1 0.12 0 . 23 0.2 0 . 92 0.3 

L.O . I. 0.77 1.15 0 . 63 2 . 5 1. 4 6 3.13 

MnO 0.1 0.12 0.13 0.2 0.1 8 0.2 

Ti0 2 0.2 1.12 1. 81 0 .94 2.84 0.2 

P2 0 5 0.055 0.36 0 . 32 0.29 0 . 63 0.02 

TOTAL 99.75 100.06 100.32 99.44 100 . 4 100.08 

1. Biotite Granite 3 . Diori te 5. Olivine Basalt 
2. Quartz Diorite 4. Gabbro 6. Pyroxeni te . 
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TABLE 18 : Averare Values :)f Trace [lement Contents in ppm 

of th e Plutonic awl Younl'er Volcanic Rocks 

Il emen ts 

in rpm 1 2 3 

Co 7 . 5 25 31 . 66 

Ni 10 26 . 25 63.33 

Cu 90 216.2 .S 

Fb 18.75 26. 25 

Cr 5 60 

Mn 375 1537.5 

Ii 2000 3825 

V 17.5 237. 5 

Zr 350 207.5 

Ba 5675 675 

He 0 . 85 0.5 5 

1. Bioti t e Granite 
£. Quartz Diorite 

160.0 

19. 1 6 

196 . 66 

3333.33 

4000 

308.33 

123.33 

133.41 

0.48 

3. Diorite 
4 . Gabb ro 

" 5 6 

55 48 3S 

I SO 112 146.66 

95 1 ~ 8 235. 00 

10 25 18 .33 

215 282 633.33 

3000 ·1200 4333. 33 

3000 3860 1566.66 

200 824 166.6 6 

100 201 26.66 

2000 260 66 . 66 

0.5 1.2 0.5 

5 . Olivine Bas a lt 
6. fyroxenite 

l 
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niently il lustrated by means of variation diarrnms. In these 

analytical data such as the oxide components are p lott ed in 

various ways to illustrate whatpver asnect of varia tion th e 

inves t i. ga tor wishes to cmul-,!>.s i ze . 

5.4.2·.1. !'- inary Variation DL:! gram 

The oldest method, still widely used, is a vBrietion dia~ram 

1n which oxides are plot ted against 8i0 2, often referred to as 

Har ker diap.-ram . 

In the varia ti on dia grams where oxides are plotted against 

Si0 2, the oxide of AI, Fe, C~. Mg , Ti and P showed a ne gative 

correla t ion wi th 5;'° 2 , whil e the oxides of N~ anc1 K showed a 

posetive correlation Hi th SiO Z (Fip.-s. 34-41) . 

The Gabb roi c, diorit ic and basaltic rocks show a high content 

1n the oxi des of AI, Fe, Ca, Mg, Ti and r than the granitic rocks, 

whil e the latte r showed a hieher value in the oxic1es of Na and K. 

Within the Gabbroic and dio r itic rocks the oxide va lues of Fe, Ca, 

1'i and P are rather variable. Also Mr show a slight vari at ion. 

All decreases with increasi ng Si0 2 . This indic at es that the rocks 

are hetrogeneous. This type of variation is tyoical of c r ys t al 

f r actionation of mafic mine ra l s , plagioclases and apatite which 

dete rmin es the drop of Fe, Ca, Mr , Ti , P an d AI . 

The quartz diorit e shows a rather variable values and is 

p l otted in a liquid line of descent, and coul d have deri ved by . , 
crystal fractionation fron: the smre mar-ma as the above describocl rocks. 
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The grani tes have an a 1 1;\0 s t cons tan t compos i tion except for 

K, which shows a rather hi gh variation. In the variation diagrams 

the granites are plotted with large chemical pan after quartz 

diorite. The che~ical data are in apreement with the derivation 

of the granite from basic rocks involving separation of mafic 

minerals , p l agioclases and apati t e . The presence of chemical 

gap in magmatic series has been demonstrated by Williams and 

McBlrney (1979) . The existing gap between the granite and the 

other rocks does not contradict the idea of the derivation of the 

granites from a basic magma by crystal fractionation . 

Generally the major element variation diagrams of the plu­

tonic rocks could indicate a probab le ori~in of the rocks from 

one parent magma throu rh fractional crystallization. The liquid 

line of descent shows a linked va riation which are consistent with 

co genet ic rocks, related by crystal fractionation to a common 

parent magma or by partial melting to a common source . 

The basaltic rocks are much younger and are not genetically 

related with the plutonic rocks of the area. However, they show 

more or less similar comoosition I.ith the Gabbroic - dioritic rocks. 

When plotted on alkali-silica diagram th ey show a transitional 

characteristic (Fig. 42) . Their similarity i n chemical composl.­

tion could give a primary clue , that th e vounper basalt and the 

older plutonic rocks could have emolaced in t he same tectonic 

en vi ronmen t . 
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From the trace elements determinerl; Ni, Co, Cu and Pb were 

used to Dlot variation diagralt15 a)!ainst Si0 2 . 

The Ni and Co contents are ve r y ~igh in the basic ran ge 

when compared to the low content of th e m in the grani t s. 

The hi!,'h con t ent of nickel drops very sharply (Fi g. 43) f rom 

Gabbro i c t o intermediate rocks and. continues to fall wi t h a very 

gentle s lope from the intermediate ranre to the aci di c rocks. 

Cobalt as that of NiCKe l ~ecrease but not as sharp as the latter 

one (Fig. 4~). The ve r y sharp dec r ease of nickel at early stape 

is due to th e frac ti onat ion of olivine f rom t he magma. It is 

sharpe r than cobalt due to its hipher value of fractionation 

coefficient, k, which i s defi ned as 

K = rPm in solid. whe r e Ko1 > j{0l 
PPm in llquid ' Nl. co 

K = fraction ation coeffi cien t 

01 = olivine 

The negative correlation of both Ni and Co with Si0 2 RrB in apree­

ment with the previous proposition of the de ri vation of the rocks 

by frac tional c ryst a l l i zation . 

Cu and Pb do not show any regular variati on . Their content 

is high l y vari abl e especially in the bas i c and intermediate rocks. 



l) ~' ~J '.-~ . ; ~· ,· .'.C·', '.-" T .. •••• .... ("l ~ " . . ' C ..... ,.., . T-r ~ " Mh .n..,.. .:' 
..., , ...... J ..... :; ...... , t-> ~ ~ ,,," !-..,.c.. :,"~ <;l1_ yv . :- '_ 

zo~s 

017 
r--+---r--+---r--+---r--+-~IQ 

, 
+ 

+ T 

" ~ 

x " X x T 
i 
I ·' ,. to 
I~ 

" ~ " 
+3 
I 
T 
I 

" " t @ " 
1", 

Q 

........ 

W'S 
08 0t> 

++ + 
tQ 

x 

t 
x 

x x ! 

" T 
" 

" " T " " Z 

Tll 
' 11 :3 

'" T 
i 

" i 
'" t .. I 

I , 
.L ~ ~ 

s: 
'SO· 

- 58 -



Z:O! S 
08 0\7 

+ 
+0 
I 

+ ~ , 
+ 

'1> '" 
'il " .;-x 
'" x 

<> 
i 

'" T 

" in 
ie , 

" 
<> n .. + 

x , 
T 

'" I 
I 
I 
I 

T 

+ , 
I 

x 1 ... 
ISl 
ISl 

z:o I S 
0\7 0~8 __ -r __ ;-__ +-__ ~ __ r-~ __ -+ __ -t1Sl 

I 
1 
I 

+ '" t 
I 

1-" , rr 
++ + X '"'' .... '" r 

I 
x <><> r 

x x t 
I 

.. ~ 

, 

i'!. 



- 87 -

5.4.Z.Z Triangular Variation Diagrams 

These are d i agr ams showing t he simultaneous rela tive 

variat ion of three chemical parameters, and a re widely an d 

usefully emp loyed in comparative studies of rock suites . 

Two triangular dia grams are constructed for the ~lutonic 

and ef fusive rocks . The selected paraweters are NaZO+KZ O, 

Fe l 03
t , MgO and CaO. 

, 
i) AFM Diar ram: plo tt ed by usin p NaZO+KZO, 

ii) ACF Di a rram: 

., 
Fil Z0

3 
~ , and MgO (Fi ll. 47) 

erected by Na7. 0+KZO, Fe 20~, 

2nd CaO (Fi r . 48 ). 

Both the diagrams cloarly show the prevailing chemical 

gap among the granitic and bas ic rocks . The AFM diagr am, where 

it is employed for defferent i a t i np thol e iitic and calcalkaline 

seri es show that the rocks are transitional in composition between 

th e tholeiitic an d alka li ne ro cks. This result i s typically the 

same wi t h the alk a li-silica binary variation diagram (Fig. 4Z). 

The following conclusions can be drawn frolP the study of the 

variation diagrams. 

1. The different se ri es of intrusive rocks appear t o have a 

probable comagmatic or igin and a r e formed by crysta l frac­

tion from a bas ic I:mgma. All plot in a liqui n line of descent. 

2. Mafic minerals, plapioclase, and apatite are th e ffia in separat­

ing phases during fr ac t iona tion. Th e sharD dec r eas e of the 
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nickel content i s due tc se~ar a ti on of ol ivine at early 

stage ; fo llowecl by ch ange of slone where the fracti onation 

might be continuec by pyroxenes and amnh ibole. 

3. Though the young bsalt is genetically different from the 

plutonic rocks, its similarity in most of the oxide compo­

sitions cou l d indi cate R probab l e resemblance of the original 

magma tic material of the plutoni c rocks with the basalts and 

their generation in the same type of tectonic environment. 

4. The alkali-silica , AH: and AC F variation diagrams prefer­

entially indicate transitional composition betwscn tholeiitic 

and alkaline magmas. This fact is also substantiated by the 

presence of or t !lopyroxenes within the basalts . 

5.5 Chemical Comparison o~ the Residual Limonitic Later it e and 

the Dasalts 

Field occurrences, their features and relationships are 

discussed under 2.2.4. As it lias been exnlained, the limonitic 

laterite is a residual product of t he weathering of the young 

terti ary basalts. Their direct relationship has been given in 

the sketch of Fi~. 12 AS observe2 at south of Andu Village. 

Their chemical comparison is riven in Table 19 and 20. The 

values of the total samples an'llyzed for both the basalts and 

limonitic laterites is given in Table 13, 14, 15 and 16 . 
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TABLF 19: Average Chemical Comnosi tion s (Oxi l'8s. wt ~) 

of residual limonitic late rites and basalts 

Elements 

(~t %) 1 2 

Si0 2 " ,) . ? 15 

A1 20 3 13 " 9 13.91 

Fe Z0 3 
t 1409 J. 54 . 71 

CaO 8.84 0 . 47 

"1'0 7.0,1 O. 5,1 

MaZO 2.38 0.1 

K20 ' Z .l • .) 00 1 

H ° 2 0 .9 2 1. 54 

L.O. I. 1 .t; C 11.3'1 

~~n0 0.18 0.14 

Ti0 2 2 . 84 1 . (j 2 

P205 0.63 0 .44 

To t a 1 100 .5 100.24 

n 5 7 

1 = Baselt 

2 = Residu a l lil"O ni tic laterite 

n D Number cf samnles 
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l~BL~ 20: Averare values of trace elemen t contents in 

ppm 0f r esidual limon i t i c laterites and b asalts 

Bement 
in rpm 

Co 

Ni 

eu 
Pb 

Cr 

Mn 

Ti 

V 

Zr 

Ba 

Mo 

n 

1 

ll 8 

ll 2 

US 

2S 

,82 

4200 

3860 

824 

201 

260 

1. 20 

5 

1 = Basil l t 

2 

42.8 5 

52.85 

89.28 

59 .28 

71. 14 

1271.43 

2385. 71 

26.00 

75.71 

1.14 

7 

2 = Residual li monitic late rit e 

n = Number of sampl es 
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There is a wide ch omical variation between the un a lte rned 

basalt an ~ limonitic laterite i n alrnst 311 the oxides and trace 

~ l emcnt Va ltl~s. The va ri 1 ~ion is more pronounced ~specially in 

their contents of 

a) Si0 2 : It i s about 'IE% in the basalts !tnd 15% in the 

limonitic l~terites, indica tiJl g excessive l eochinp of Si02 from 

the ori ginal rock. 

b) Fe 203
t : The total iron content of the limonitic lateri­

tes is by far rrea t er t han in ~asa lts. There is a penera l 

enrichment in the iron content 1urinp the leaching and decomno-

sition of the basllit. 

c ) Oxides of Alkali and Alka11. f:uth Fle",cnts : the r e i s 

excessive loss of these (lxides, namely enO, tIrO, NP ZO and K20 

during th e Interilization proc ess. Their value is higher in the 

un decomposed fresh rock . 

d) H ~ O and L.O. I.: The water content of tbe residual 

material is much Breater t~ an the fresh basalt. This is due to 

the forma tion of the limonites which are hy~roxide! of iron and 

require the presence of water for their formation. 

e) Th e; Ti0 2 content 0f the fresh unweathere (l. r0ck is also 

"reater in value than th e laterites. The same is true for PZOS 

but not that much n~rnifi e d BS ~ornnared to the other oxides. 

f) There is no r1iffe rence in AI _D. content between r es idual 
~ J 

limonitic laterites and fres ~ ~asalts. 
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The trace ele~ent geoch B~i stry sh ow al s o some va riations 

speci a ll y in their contents of ]li, Cr, Hn , Ti, V, Zr , 8:"1" . Ba. 

There is a penera l fepl e ti on uf th e s e trace elements in the 

resi dual limonitic mat eri a l when compare e \,ith t h.; unj e comDoserl 

rocks . 

A variation diafra~ was m~ , l e by using Si02 : Fe ° t. 2 3 . 

CaO + i'h?O, as selected par ameter s to show their dIfference 1n 

composition prior :md after decomposition of the basalts 

(Fi r . 49). As it is clearly SEcn from the diarrn~ there is an 

excessive loss of Si0 2, CaO , an~ MrO durinr the lat e ritization 

process , while on the cont r ary it can be seen that there is a 

tremendous enrichment of FB z03
t 

5.6. Geoch emistry of the Iron ]3 (' arinl' Horizon 

5.6 . 1 Introduction 

Ma j or and trace el e ment ana lyses for the representative 

snmples of the iron ferma t i on were carried out. An account of 

the analytical work is riven unde r 5.2 and 5.3. Based on Ge o-

chemical data, an interpretation i s riven for: 

0 ) th e source of iron and silica, 

b) genetic relations 'fl ips amon? the r e co.l'nizod lithounits, 

c) th e probable envi ronment of th e depositi onal basin. 

1\,enty six samnles we r e coll rJ cted from three trenches, at 

Chago , wh e re some of the s ampl es are from lens es of Ira gnetite-
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hematit e or e , whil e t he others a r e fr om the s o called f e rruginous 

quartzi t es. Two s amples we r e taken fr om th e de triatal floats of 

iron , a t We re kalu. All we r e ana l yzed f or both maj or and trace 

element contents. 

5.6.2 Major [lement Geochemis t ry 

The content for the maj or el ements in twen t y six samples of 

Chago iron formation are pr esented in Tables 21, 22 , and 23. 

Tabl e 25 , ~ive s the range and me an values for each sampled trench, 

whi le the over all range and me an value is piven in Tab le 26. The 

average ma jor e lement values f or o xi~ e facies Ban de d iron forma­

tion df t he Leke Supe r ior and Alpoma type, average f or Orisa BIF 

(India) , interlaye r ed tuff fr om Ori s a, an d avera ge f or Brockman 

iron f ormation from Hamers l ey basin of Western Australia are also 

provided for comparison in Table 27. Thes e nata emphasizes the 

geoch emical similariti es and di f ferenc es among various sedimentary 

and volcanic environments . Absence of carbonate , silicate and 

sulphide minerals in the Ch a go i ron fo rma tion is clearly reflected 

in the chemical analyses by complete absence of CO 2 and 5, and by 

the low values of Si02 , CaO an d MpO. 

The chemical data agrees with the petrop,raphic study performed 

on both thin and polished secti ons. There is only one notable 

excep tion for samnle 29, near Chapa which e xhibits banding of 

iron toge th e r with barit e cnd quart z . This samryl e within a loca­

lized portion of its barite, the r e i s s ome occurrence of sulphides. 



- 97 -

TABLE Zj: Major Element Contents of Magnetite-hematite Lenses from Trench - 2 

Field 

No. Si02 A1 203 Fe203 FeO Fe20
3 

t CaO . . MgO Na20 K20 . H20 L.O. I MnO Ti02 . P2 05 

T - 1 4.0 3.5 79.71 11.79 91. 50 0.1. <0.1 0.1 0.1 0.3 0.8 0.1 0.14 0.04 

2 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 17.51 93.00 0.8 <0.1 0.1 < 0.1 0.2 0.4 < 0.1 0.12 0.16 

4 4.0 1.2 81.17 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 84.26 5.8 90.06 2 . 4 0.2 . <0.1 \ <0.1 0.4 2.3 < 0.1 0.10 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 0 . 8 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 85.96 0.6 . <0.1. <0.1 <0.1 1.2 5.5 <0.1 0.06 0.15 

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 
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TABLE n: Major Element Contents of Ferfogino'Ys Quartzites from Trench - 3 

Field 
No. Si0 2 A1 20

3 
Fe20

3 
FeO 

t Fe 20
3 

.CaO . .MgO Na
2

0 ISO H2O L. o. I. MnO Ti02 P2 05 

T 3-1 19.4 9.5 59.96 . < 0.09 59.96 < 0.1. < 0.1 0.0 <0.1 1.4 : 8,.2 0. 4 0.50 0.18 

2 10.0 4.4 69 .43 11. 0 80.43 0: 7 0.2 0.1 0.1 0.3 2.3 <0.1 0.20 0.21 

3 21.0 9 .5 58.97 0.79 59.76 0.3 0.2 0.1 0.2 1.0 6.9 < 0. 1 0.32 0.18 

4 26 .0 14.8 49.02 0.44 49.46 <0.1. <0.1. <0.1 <0.1 1.3 8 .2 < 0.1 0.56 0.35 
I 

5 8 .0 4.8 77 .25 0.6 ·77 . 85 °t3 <0.1. <0.1 <0.1 1.2 7.4 <0.1 0.42 0.34 

6 22 . 6 16.8 43.97 0.35 44.32 0.3 . <0.1. <0 .1 <0.1 2 . 1 12.2 < 0.1 0.54 0.21 

7 21.6 12.9 53.96 0.84 54.80 0.1. <0.1. <0.1 < 0.1 1.3 7.4 0.1 0.57 0.15 

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 1.72 0.14 

9 12.0 8.9 69.29 2.2 7l.49 0.1 . <0.1 . <0.1 < 0.1 0.7 4.9 0.2 0.28 0.09 

10 28 . 0 15.5 44.58 0.17 44.75 0.7 0.3 0.1 0.8 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 l3 Major Element Contents of the Iron Bearin g Horizon from Ttench - 4 

Fiel d 
No . Si02 A1 20

3 
Fe

2
0

3 
FeO 

t 
CaO MgO Na

2
0 Fe203 · . K

2
0 H

2
O L. O. 1. MnO Ti0

2 P2 05 

T -1 
4 · 

6.0 3.2 73 . 32 16.54 89.86 ~.l . ~.1 . <0 .1 ~ .1 0 . 3 0.3 <0 .1 0.08 0.14 

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 . ~ .1 . ~ .1 ~ .1 0.5 1.9 0.4 0.12 0.27 

4 10.0 3.0 76 . 54 7.39 83.93 0.1 . ~.1 . ~.l ~ .l 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 . <0.1 <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 : Major Element Contents of Magnetit&llematite Ore from Werekalu 

52a 6.0 1. 3 n.d. n.d 87.42 <0.1 . <0 .1 . <0.1 <0 .1 0.5 4 .1 <0 .1 0.26 0.20 

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 0.33 

n.d = not determined . 

\. 
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TABLE 2,: Range and Average Chemical Compositions (0 , ,xides, wt %) of the Iron Bearing Trench 

Samp l es of Chago and Limonitic Laterites 

E1emen-t 
T2 T .. 3 T4 Limonitic 

Later1te 

1 2 1 . . 2 1 2 1 2 

Si0
2 

1-4 2.95 8- 26 19.5 4-10 7 11-19 15 

A1
2

0
3 

0.7 - 3 .5 1. 71 4.4-16.8 10.76 1.6.,.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 7.56-1 6.54 11.2 n.d n.d 

t 85.96-96.96 92 .75 44.32 - 80.43 58. h 83.93 - 90.75 87.52 41.18-60 .8 54 . 71 Fe203 
I 

CaO 0.1-2.4 0.66 <0.1 - 0.7 0.34 <0.1 - 0 . 2 0.15 0.1 - 1.8 0.47 

MgO <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 10.12 <0.1 - 0.1 < 0.1 <0.1 - 0.1 <0 .1 <0.1 - 0.2 0.08 

Y 0 '2 
<0 . 1- 0 ,;1 < O. 08 <0.1 - 0.9 0.24 . <0.1 - 0.1 < 0.1 <0. 1 - 0 . 2 0 . 07 

H
2

O <0 . 2-0.4 0.36 0 .3 - 2 1.31 0.3 - 0.6 0.45 0 . 3 - 1.9 1. 54 

L.O. I. <0. 1-5.5 1. 57 2.3- 12 . 2 7.53 0.3 - 1.9 1.25 7 . 6 -13. 6 11.37 

MnO <0. 1-0.2 0 . 11 <D.1 - 1.7 0 . 28 <0.1 - 0.4 0.~5 <0. 1- 0.5 0.14 

Ti0
2 

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 . 45 

n.d = not determined, 1. Range of values, 2 . Average values. 



- 101 -

TABLE 26 Range and Avera g e Chemical Compositions (Oxides,wt%) 

of all the Trench Iron Bearing Samples. 

El ements Rang"e Av e rag e 

Si0
2 1-26 10.9 

A1
2

0
3 0.7-16.8 5 .83 

Fe
2

0
3 43.97-94.76 70.42 

FeO < 0.09-20.24 6.74 

Fe 20
3 

t 
44.3 2 "96.96 7 7.15 

CaO ~.l - 2.4 0 . 4 

MgO <0.1 - 0.3 0.13 

Na - O 
2 <0.1 - 0.9 0 . 1 

K
2

0 <0.1 - 0.9 0.16 

H2 O <0.2 - 2.0 0.78 

L . O.I. <0. 1 -12.2 4.02 

MnO ":<0.1 - 1. 7 O. 2 

Ti0
2 

O. 03 - _1. 72 0.31 

Pz 05 0.01- 0.35 0.15 
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TABLEl7: Major Element Contents of Iron-formation of Chago-Werekalu, We11ega 

and Lake Superior and Algoma Type Oxide Facies BIF of Canada and 

Others 

1 

Si0
2 

1-26 

A1
2

0
3 

0.7~16.8 

Fe
2

0
3 

43.97-94.76 

FeO <0.09-20.24 

Fe20f 44.32-96 . 96 

MnO < 0.1 - 1.7 

CaO < 0.1 - 2 . 4 

MgO < 0.1 - 0.3 

Na20 < 0.1 - 0.2 

KZO < 0.1 - 0.9 

t 
HZO < O.Z - Z.O 

PZ05 0.01- 0.35 

CO
2 

S 

FeS
Z n.d 

2 3 4 5 6 7 

10.9 47.20 50.50 47.02 30.04 46.86 

5.83 1 .39 3.00 0.70 26.83 0.48 

70.42 35.40 26 . 90 44.16 n.d 24.68 

6.74 8.20 13.00 8.28 n.d 17.19 

77.15 44.50 41.10 50.00 29.02 43.65 

0.2 0.73 0.Z2 0.06 0.69 n.d 

0.4 1.58 1.51 0.17 0.42 1.49 

0.13 1.24 1.53 0.13 0.09 2.58 

0.10 0 . 12 0.31 0.10 0.01 0.16 
...;.' 

0.16 0.14 0.58 0.13 0.14 0.10 

0.78 1.30 1.10 1.94 10.44 0.57 

0.15 0.06 0.21 0.07 n.d 0.25 

5.00 1.10 n.d. 5. 81 

O. QZ 0.29 n . d 

n.d n.d 

n . d = not determined ; t = total 

8 

47 . 57 

0 . 08 

Z7.0l 

14.47 

43.00 

n.d 

2.17 

2.47 

0.23 

0.16 

0.56 

0.22 

4.99 

0.07 

1. Range :',,' of major element contents from Chago-Werekalu iron-formation 
2 . Average of major element contents from Chago-Werekalu iron-format ion 
3: Average Lake Superior oxide faci e's BIF 0 (Gross, 1980 
4; Average Algoma oxide facies BIF 0 jable 3, p. 226). 
5; Average Orisa BIF, India 0 (Majumder, et.al., ' 1982, Table 1, p. 110). 
6; Int erlayered , tuff fromoJisa ,' 
7 ' & 8. Brockman Iron-formation, Hamersley basin, Western Australia 

CTrendal and Blockley, 1970, Table 11, p. 134. 
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TABLE ~\3: Maj or Element Contents of Quartz-chlorite Seric ite SChist (Wt %) 

Field t 
No. Si02 

A1 203 .Fe203 CaD MgO Na20 K20 H2O L •. D. I. MnO Ti 02 P2 05 

A-2a 57.0 20.7 10.15 0.1 1.0 1.1 1.9 0.3 5.2 < 0.1 1. 86 0 . 13 

22 56.0 18 . 2 13.44 0.1 1.4 0.6 1.1 0.5 5.3 0.1 1.82 0.38 

SIb 61. 0 15.9 12.08 < 0.1 1.0 0.8 1.6 0.4 5.0 <0 . 1 1. 65 0.08 

18 63.0 14.2 11.07 0.3 0.4 0.7 1.6 0.5 4.9 < 0.1 2.20 0.1 8 

53 54.0 19 . 1 12.72 0.2 2.4 0.5 3.1 0.4 5.4 <0.1 1. 51 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 0.2 

TABLE 29 Major Element Contents of Lithic-Arenite (Wt %) 

A - 3 60 . 0 19.8 9.58 0.1 0.4 1.1 2.0 0.7 5.2 <0.1 1. 70 0.07 

20 60.0 18.4 10.49 0.3 1.6 0.7 1.6 0.4 4.6 . 0.2 1.86 0.04 

73 58.0 17 . 3 13.08 0.7 0.3 0.4 0.8 1.2 7.0 <0.1 1.40 0.17 

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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rABL E 30: Range and averaEc cheMical COMPOS i t i ons 

(Oxic e , wt %) of the "uar t z'-lT'uscovi t e -

sericite - schist 

Elemen t Range Average 

SiOZ 54 -63 58.5 

A1Z03 14 . 2 -20.7 - 1 7.4Z 

Fe Z0 3 
t 10.15-13 . 44 11.91 

CaO <0.1-0.3 0 . 14 

MgO 0 . 4 - Z.4 1. 28 

NazO O. S - 1.1 0.72 

KZO 1.1 - 3.1 1. 9Z 

H ° 2 0 .2 - O.S 0.38 

L.O.1. 4.9 . 5.4 5.13 

MnO < 0.1 0.1 < 0.1 

TiOZ 1.S1- Z.Z 1. 82 

PZOS O. OIl- 0.38 ° .1 8 
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TABLE 31: Ran ~e an~ average ch emical compositi ons 

(Oxi de wt ' ) of t he lithic arenaites 

Element Range Avera ge 

Si02 56 ··60 58.1 

A1 20 3 17 . 3-2 2 .1 19.58 

Fe Z0 3 
t 9 . 44- 11.79 10.87 

CaO 0 . 1 - 0.7 0.34 

MgO 0.3 - l.6 l.02 

NaZO 0 .4 - Z.1 l.02 

" 0 1.2 0 .8 - 2 1. 18 

H2O 0 . 3 - l.2 0.6 

L.O.1. 4. 6 - 7 5.42 

MnO <0 . 1 - O.Z < 1. 2 

TiOZ 1. 32 - 2 1. 61\ 

PZ05 0.04 - 0 . 38 0.15 



- 106 -

However, such s t rik in g f eatures are discussed in Chapte r 2 

un de r Z. 2.S. 1. 

At first glance, data from Table Z6, points out t h a t the 

r ange of variation differs for the different oxides. The general 

patt ern observed is t ha t SiOZ' AI Z03 , FeO and FZOS con t ents s how 

wider va riations than CaO, MgO . Na ZO, YZO, MnO and TiOZ contents. 

In order to shed light both on the age and type of the Chapo 

iron formation, a vi able approach is to compare the chemi cal data 

obtained with thos e different iron formations which are re ported 

in literatur es. 

As pub lished by Gross, a t . al . (1980) the KZO, AI Z0 3 , Na ZO 

and FZ03 in Algoma oxide facies BIF a re a t l e ast twice as much 

as in the Lake Superior oxide fac i es. 

Table 3Z, 33 , and 34 whow th.e compari son of thes e oxid es of 

Algoma and Superior type BIF with that of Chago iron formation 

(the diffe r ent trench samples are used). 

TABLE 32: Compa ri s on wi th Trench- Z Saf.1ple s 

Flemen t Chare Sunerior Algoma 

AI Z03 l .7 1. 39 3 . 00 

KZO 0 . 08 0 .14 0 . 58 

NaZO 0.17 ° .1 Z 0 . 31 

FZO, 0 . 11 0.06 0.21 
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It is observed that th e avera~B values for AI Z0 3 , NaZO, and PZO S 
of Algoma oxide facies i s two fo ld hirher tllan the Chago iron 

formation, and that the KZC value for ~lroma is about seven-fo l d 

excee ding f rom Chapa formation, Whil e the average values -for 

AI Z03 , KZO, NaZO and PZO S of Superior BIF are more or less simi­

lar with the Chago iron forma tion 

TABLE. 33: Comparison wi th Trench - 3 Samples 

El ewen t Ch aee Superio r Algoma 

1\IZ03 10 . 76 1. 39 3.00 

KZO 0.24 0.14 0.S8 

NaZO 0 .1 O.I Z 0.31 

PZO S 0.1 9 0.06 O.Zl 

Th e t able points out that in Alpoma ox i de facies , ¥ZO and 

Na"O are two and three-fold enri.ched compared to trench·-3 samples 
~ . 

respect ively; whil e PZOS contents do not show any signif i cant 

difference. TIle revers e occ urs for AI Z03 , which is th ree-fo ld 

enriched in Chago samples ; t hus likely suggesting that the latter 

samples could contain some amount of aluminosilicate minerals. 

The KZO and NaZO content of the Chago trench -3 samples are simil ar 

with the superior BIF tyee; where as the AI Z03 and PZOS content 

of t he former samp les Bre t en an d three -fold greater than the 

con ten ts of the latter r es pectively. 

Data for the samples from Trench-4 are l isted in Table 34. 
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Tf\. EL l 34: Co mparison "I ith Trench -4 Sampl e s 

EIemen t Chago Surerior Algoma 

Al Z0 3 3. 0 1. 39 3 . 0 

KZO 0 . 1 0.14 0 . 58 

NaZO 0 .1 O.lZ 0 . 31 

PZOS 0.13 0 . 06 O.Zl 

As displayed by the above set of data it can be observe d 

that the oxi de contents for Algoma BIF facies exceeds those 

shown by trench-4 samples. A1 203 contents , however, are quite 

comparable for both localit ies . The K20 and Na 20 values of 

trench- 4 sample s are a l so l ess than the supe rior oxide facies; 

whereas the Al Z03 and FZOS conten t s of Chapo (Trench-4) Iron 

formation exceed th a t of the su~erior BIF. lnspite of the exist­

ing difference i n values, the oxide cont en t s of KZ O, NaZ O and 

PZOS of Chago is closer t o the Superi or type than the Al~oma 

oxide facies. 

It is worthy to not e that all s ampl es from Ch a go are at le~t 

two-fold Fe- enrich ed when compared with Banded iron form ations 

r eported in Table Z7. At Chago, Si OZ content is very low . Such 

fe a ture is more evident for the magnet ite-hematite lens es. A 

review of the published data reveals that in Chago samples, SiOZ 

is about five-fold denle t ed than the c las s i ca l Banded iron forma­

tions. 
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AI Z0 3 content of Chapa sampl es is rather hi gh, espec i a lly 

thos e collected fro~ trench- 3. Pere the sawvles are constituted 

by fe rrugi no us sed imen ts which a r e riche r i n clayey materia l th an 

the ma gnet ite- hematite l ens 8s. Th e samp l es from t r ench-Z 

(magnetit(',- hema tit e l enses) u1'e quit e comparable in their AI Z0 3 

content, with the Supe ri or oxide facies ElF. 

CaO and MgO contents are highlY dep l eted in the i r on are of 

Chago as compared wi th other ElF. Such a fea ture is a reliable 

indication that the iron formatie n of Chago is carbonate faci es-

fre e . 

The value of the three com~onents AI Z0 3 , Fe Z0 3 , and SiOZ of 

Chago iron f ormation wh en plott e d in the Govett's triangular 

diagram (1 966 , Fi g . SO) lie outside the field of the precambrian 

Banded iron formation (Fig. 51) . Such a behavior i s due to its 

extreme low silica and high Fe Z0 3 cont ent. Th e fi eld occupied 

by the Ch ago iron formation is similar to that of Oolitic Pre-

cambrian and post Precamb rian iron formations and non Ooli tic 

post Precambrian iron formation (Fi r. so, 51). Except for the 

existence of some undifferentia t ed biospheroids, the question 

of Oolitic iron formation is ruled out by pe trograph i c s tudy . 

The prob l em of the iron format ion being Precambrian or post Pre­

cambrian is attempted to be solved by cons ide ring other factors . 

Lepp and Goldi ch (1964) have given a compa r ison between the 

chemical compos it ion of Precambrian and pas t Fr ecamb rian iron 

formations (Table 35) . 
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i TABLE 35: Comparison of the Chemical Cornoosi tion of Precanbri?n 

and Fast-precambrian Iron-formation 

Precanbrian Fost-Frecambrian 
Averave Range No.Samr1e Average Range Ne.Samn1e 

Tot'il Fe 27.8 17.1-·14.2 158 29.0 15 . 2- 47.9 118 

Si02 42.9 7.3~64.6 158 12.9 ~.5-55.7 100 

A1203 1.6 0.03-13.93 ISS 6.1 0 ;24-16 .8 100 

.CaO 1.5 0.01-10.48 148 14. 3 0 .10-33 .0 108 

MgO 2. 8 0.04- 11. 22 148 2.9 0.45-7.84 59 

~1nO 1.0 0.01-5.06 108 0.34 0 .02-1. 80 57 

r
2
0

S 
0.26 0.03-4.02 87 0.86 0.14-2 .20 8n 

Ti02 0.15 0.0. 2-0.53 37 0.45 0.17-2 .44 12 

C 0.40 0.01-3.05 57 1.11 0.58-2 . 55 5 

CO2 S. l 0.1(}-31. 56 143 17. 8 1. 5(}-30. 32 31 

P'20 
+ 

2. S 0.05-9 . 29 97 4.7 0.26"15.1 7.3 

Lo~ contents of A1Z03, Ti02, F20S and CaO characterize the Precambrian 

iron formation compared to the r elatively large amount of these 

consti tuents in the pest 'Precambrian iron be aring sediments. 

As a ,~ho1 e the Precambrian iron formations are characterized by 

their high content of silica . Che rt and quartz ~ re the chief 

gangue constituents, and the average cont ent of Si0 2 is 43% as 

opposed to an ave ra ge of 13% for the younger iron formation. 

In its silica content t h3 Chago iron formation s hows close 
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vroximity to the cost PrecambriC!.n iron formation. The most 

striking chemical difference between Precambrian 3n,1 post Pre ­

cambrian iron formation is in CaO content, that for the former 

formation aversginp 1 . 5' while in contrast 14% for the latter 

formation . Hence, owin~ to the CaO content of Cha~o iron forma­

tion (0.4') a Precambrian ag(, em be inffe red . 

Lepp and Goldich (1964) reported the distribution of silica 

and thc great difference in CaO cont 0nts of PJ:;ccambrian and post 

Precamb crian iron for r.' ation (Fig. 5Z). The author has p lotted 

the percent of SiO Z and CaO + MRO a),"ainst nercent of tote 1 samDlc 

(Fig. 53). 

Furth cr import ant di fferences be tween Precamb rinn and Younge r 

iro;]. formations are the low AI Z0 3 and PZ0 5 contents th'l.t charac­

teriz e the older iron formation, The average AI Z0 3 content for 

the Preca;'Ubrian iron formation i" 1.6', whereas for the nost Pre­

cambrian is 6. 1%. The overall averapc AI Z0 3 content for Chago 

iron formation is about 6%, Th is fipure is Quite comparable with 

post Precambrian iron formation, By considering the average AI Z0
3 

content for the magnetite-hema tite lenses from Chago (TZ-samples), 

the value , (1. 71) is in stror,g af'reement with that of the Precam­

brian iron formation (Tab le 32 ). 

The PZ0 5 content for Precalf,brian iron formations is low averag­

ing 0.26' compared to the ave r age value of 0.86' for post Precamb­

rian formations. The average PZOS content for the Chago iron 
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format i on is 0.15%, thus close to the average value of the Pr e-

camb r ir!TI iron forma tion. Further-more the value of the three 

components of total Fe, CaO+~\gC and Si 0 2 of Cha vo .;hen plotted 

in the Lepp and Go ldich tr isngular diapram (Fig . 54) they lie 

outside t'w field of both Pn,carr.brian and nost Precambrian iron 

formations. Bllt they show a mo r e or less close rroximi ty to the 

PrecambTian circle (Fig. 55) . 

Ap art from t he above mentioned t ernary diapTams, using some 

of the major oxides and trace elements the author has made various 

triangular variation diagrams in order to broaden the argument of 

determining th e age and type of the Chare iron formation. Together 

with the Chapa 2nd various BIF, the r es idual limonitic laterite 

which has been discussed under 2.Z.4 .2 was plotted in order to get 

various indications it could possibly offer. 

a) fZOS - NaZO _. KZO di agnlln - The plottes are dispersed with 

some de gree of alipnment above the 45% PZOS con t ent (Fig. 56). 

The averag~ value of the Algoma, Sup erior and Orissa Banded iron 

formations lie within Z5-15% of FZOS' 40-5S% KZO and. 2.5-40% NaZ O. 

On the other hand th e average value of Charo and the two avail­

able data for the Brockman ix-on formation from Hamersley basin of 

Western Australia fall within 35-50% of P20S' 20-30% K20 and 30-40% 

NaZO. The praph points out a stronp similRrity between the Chago 

and Brockman iron f ormations with respect to the mentioned para -

met ers. The difference in contents of these oxides of Chago and 

the other Banded iron formation is not wid e, snecially the NaZO 
content. 
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Th E r es idual limonitic 13terit e exhibits lowe r Na 20 and KZO 

and higher F20s co nten t with respec t to the iron formations . 

b) Al 20 3 - PZOs - CaO d i. ".gram : Th 8 various average p lott es 

us ed, the Ch a go i r on f ormnticn, and the point s of th e res idual 

limonitic litterite cluster along the l ine A1 20
3 

-. CaO, thus clearly 

indicating a low [205 content (Fig. 57). Both t he Precambrian 

and post Precambrian iron fo rma tions plotted are de)1 1eted in P20s 

whi le the average val ue for CaO of post Precambrian and Brockman 

iron formations is very high compared to the Chago iron formation . 

The average value f or A1 20 3 , Ca O and F20 s of the Chapa iron 

for mat ion is ve ry similar with t hat of Orissa Banded iron forma­

tion , which from a ch emical stand no int r esembl es in mnny aspects 

the s uperior band ed iron formation (Majul'lde r, e t. a1., 1982). 

The r esidual limonitic laterite appears to be ana lo gous to 

Chago formation which is high in A1 20 3 and very 101" in P20 s a nd 

CaO (Fi g . 57). 

c) CaO - P20 s · Ti0 2 diagram: Pe re the Clo ints are clustered 

a round t he cent r al part o f the graph with a p r e f erential concen ­

tra t i on towards the Ti 0 2 side (Fi g. 58 ) . 

The P20 s con tent of t he Precamb rian iron form a tion is quite 

comparable to that shown by the ave ra pe va lue of the Cha go iron 

forma tion. Thou gh not d i agn 0st ic the values of CaO and Ti02 

approach the Precamb rian iron formation than the p ost Pre camb rian 

iron fo rma t ion. 



r 

- 120 -
Pa 0 5 

Na20 Variation of P20!l Na20 K 2 0 

Fig. S, 

• o 
o 

* Bla B2 
Q 

5 
A 

Chavo IF 
l.imon"tlc L.terlte 
A .... V. volu. 0' limonitic late 
Av.,av. valu. 0' Chaua IF 
Brockman IF 
Orila 81F 
Sup.rior BIF 
Algoma BIF 

KZ ° 



Variation of AI 2 0 3 

Fig· 57 

Pz °5 CaO 

~ 

- IiI ~ 

• Chaoa IF 
o Limonf!c Laterite 
o Ori,a BIF 
'0 PrecambrIan IF 

I> PaSl- Precambrian IF 
A AIOama BIF 
S Superiar BIF 
B

I
8 B2 Brackman IF 

CaO 



- 122 -
CoO 

• ChoQo IF 
0 Limonitic Loterlt, 
A POlt- Precambrian IF 
0 Pre cambrion IF 
¢ Averag. volu. of 

Limonitic Laterlt. 
J) A.orag, .al., 01 ChoQo IF 

Pz Os Varlatla. 01 CaO Pz °5 TiO~ 
TlOz 

•. Jot 

Fig. 5~ 



- 123 -

The residual limoniti(". laterite appe ars to be Ti02- enridled. 

Its PZOS content is similar to tnat of the iron forr.atiol1s •. 

d) A1
2

0
3 

- P
2

0
S 

_. TiO
Z 

di'lgram: Almost all the plot t es are 

clustered wi thin 90 - 9 5% A1 20 3 and 5% of FZOS and. TiO z (F i r. 59). 

The diarraw is not diapnostic to show variations awon!' the 

differen t iron formations. 

5.6.2.1 CaO/HgO ratio: Lep~ !lnd Goldich (1964) have used the 

CaO/MgO ratios to differentiate the iron fo rmati ons from different 

ap.cs TABLF 36: CaO/MgO ratios {or iron formations 
of di ffe rent a2es 

CaO/I'AgO 
Age (<lver:;!?c) Ran ge No. Samples 

Precamb ri an 0.59 0 . 008-2.06 26 

Paleozoic n.o 0 . 03-1 9 .1 20 

Mesozoic 8 . 3 0.62-47.0 28 

TABL F 37: CaO/MgO Tatios for iron fonHl tions 
of Chago and Werekalu 

CaO/MgO 
. Area (ave r age ) Ranre No.Sample 

Chapa 3.02 1-12 26 

Werekalu 0,4 0.Z5-l 2 

From Tabl es 36 and 37, it is apnarent that the average 'CaO/MgO 

ratios for Chago and Wcrekalu are more simil ar to that of Precawbrian 
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iron forrration than Paleoz c i c and Mesozoic iron format i ons. 

5.6.3 Tr2.ce flement Geochemistry 

The trace element contents ir twenty s i x salT'ples of Chap.o 

iron formation are shown in Table 38, 39, and 40. The ranre and 

average contents for each trench s~mples are given in Table 42, 

and the overall ranpe and mean values for all the trenches are 

given in Tabl e 43. Comparative range of trace el ement feochemistry 

of ElF from diffe r ent narts of the world are presented in Table 44 

alon g with Charo iron formation. 

As shown by Taylor (1 965 ) the entry of trace el~ments in 

mineral s tructures i s governed not only by tempera ture and presuro; 

but is also influencec1 by tJ:. o feochemica l envi rollment. Therefore, 

presence o r deficiency of some of t he t raco elements in the Banded 

iron formation and i~ associated rocks may be a rel inble basis to 

interpret the physico-chemisal conditions of the deposit ional basin 

and to predic t the probable source of materials. 

Some of the trace el ements s how wide variations , amon g which 

Co, Cu, Mn , Ti and V can be s ited; while !la, Cr, Ni, and Zr show a 

narrow r ange and low value . 

Th e avera ge content of Ni in ipneous rock s i s 80 to 200 Dorn. 

(RosIer and Lanre, 1972) . It is revealed from Table 43 that ~n 

the Chago iron formation, Ni is much below the clarke value for 

rocks of ipnecus origin. The only exception is the anoma lous Ni 

content of some of the ma gnetite-hematite lenses, where Ni+ 2 
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TABLEs!': Trace Element Contents in PPm of Magnetite Hematite Lenses 

from Trench - 2 

Field 
Noo Co Ni Cu Pb Cr Mn Ti V Zr Ba 

T -1 2 120 40 220 30 2000 1000 30 30 

2 70 50 240 20 700 700 50 5 

3 85 45 220 20 nod nod n,d 5 

4 40 50 90 20 200 200 200 

5 55 100 190 30 nod nod nod 

6 55 80 185 20 nod nod nod 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 od ~ not det erminedo 

Mo 

2 

005 

no.d 

005 

nod 

n od 

005 
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TABLE 39 : Trace Element Contents in PPm of the Ferruginous Quartrites 

from Trench - 3 

Field 

No. Co Ni Cll Ph Cr Mn Ti V Zr Sa Mo 

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 0.5 

6 35 40 520 20 70 200 30 5 1 

7 55 ' 45 520 30 3 150 500 50 5 150 

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. 
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TABLE 40: Trace Element Contents in PPm of Iron Bearing Horizon from Trench-4 

Field 

No. Co Ni Cu Pb Cr Mn Ti V Zr Ba Ma 

T4- 1 70 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 44'0 30 n.d ' n.d n.d 30 1 

l 
6 155 40 560 20 15 300 50 30 30 1 

, 

I ..-
I 

TABLE41: ' Trace El ement Contents ' i n PPm of Magnetite-hematite Ore from Wer eka1u 

52a 50 120 560 55 100 2000 10 10 0.5 

52b 80 65 1000 40 500 500 10 1 

n.d = not determined. 
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TABLE:4Z: Range and Average Values of Trace Elements Contents in PPm of 

the Iron Bearing Tranch Samples and Limonitic Laterites 

Elements T2 T3 . T4 
Limonitic 
Laterite 

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 345 100-1 000 470 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 :5;' 30 ~22.5 10- 200 15.71 

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 Va lues 
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TABL I 43: Ranre Dnd avcruyc values of trGce a)', mont 

contents in ~'::.m of i111 the trench iron beurinr 

E1 erren t 

Co 

Ni 

eu 

Pb 

Cr 

Mn. 

Ti 

V 

Zr 

Ba 

1>10 

5 ClJlIflles 
... ----. 

R3.n f 0 

20 .. · 2 2 5 

30-· 100 

90- 1520 

20-110 

0 - 30 

?O- 5000 

70- 100e 

5- 200 

0-:50 

0·- J . 5 

0 -·150 

Avcrsg,) 

87. 88 

45 .3P 

500 

28.46 

4.6 5 

803 

362 

45G7 1
") 

10.38 

0.03 

8.4 
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TABLE44 : Average Trace Element Content in PPm of Iron-formation of 

Chogo-Wereka1u and Different Environments 

1 2 3 4 5 6 7 8 

B n.d n.d 160 240 <5 10-100 

Ba 0-0.5 0.025 170 180 10 <100 179 

Co 20-225 87.88 38 27 < 10 600 < 20 69 

Cr 0-30 4.65 78 122 30 66 28 .5 

Cu 90-1520 500 96 10 10 30-50 < 20 22 

Mn 20-5000 803 1400 4600 120 1785 

Ni 30-100 45.38 83 32 IS 10-20 < 20 20.5 

Sr n.d n.d . 98 42 15 1000 < 30 

Ti 20-1000 362 860 160 40 216.6 

V --'-'. 5-200 45.75 97 30 30 3-5 35 

Zr 0-30 10.38 84 56 <10 10 <30 17.3 

< = less than .• 
1. range of trace element content in chago-wereka1u iron from a tion. 
2; average trace element content in chago-wereka1u iron fromation. 

_ 3. algoma facies oxide iron-formation. (.Grosseta1, 1980. 
4. Lake Superior facies oxide iron-formation Table 3) . 
5. Oxide facies BIF from Orissa. 
6: BIF of vOlcano-sedimentary origin of USSR (A1exandrov, 1973). 
7: Banded quartz-magnetite rock from Paakko iron-formation of Finland 
8 (Laajoki and Saikkonen, 1977, Table 14, No.1). 
8. Itabarite from ~tinas Gerais, Brazil (Eichler, 1976, p . 186.) 
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TABLE4>; Trace El ement Contents in PPm of Quartz-Chlorite-sericite SC.hist 

Field 
No. Co Ni Cu Pb Cr Ma Ti V Zr Ba Mo 

A-2a 50 130 210 25 1000 500 3000 300 70 1 

22 25 60 125 30 100 2000 5000 200 300 0.7 

SIb 20 80 95 20 300 1000 3000 200 500 700 0.5 

18 15 45 200 20 200 100 1% 300 300 200 0.7 

53 25 50 100 20 100 1000 3000 300 300 1000 0.7 

81 30 50 125 20 10 7000 7000 30 700 7000 0.5 

TABLE4b; Trace Element Contents in PPm of Lithic-Arenite 

A-3 35 70 210 '25 .. 500 . 500 3000 300 200 300 . 1 

20 35 75 35 20 150 3000 7000 300 200 200 0.7 

73 20 40 155 20 200 2000 7000 50 500 300 0.7 

26 15 70 40 20 200 500 1 % 500 500 500 1 

35 20 70 155 20 300 200 3000 300 200 2000 0.5 
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TABLE 47 : Raop e an J aver£pe vailles of trace element 

con t ents in Pill;) cf th e Qua r t z - Muscovite '­

Serici tc Sci, ist 

El ement 

Co 

Ni 

Cu 

Pb 

Cr 

Mn 

Ti 

V 

Zr 

Ba 

Me 

Ranee 

15 . 50 

45-130 

95-210 

20-30 

10-1.000 

100-7GOO 

31)00- 1 % 

30 - :;00 

70- 700 

0-7000 

0.5- 1 

Average 

27 . 5 

69.1 7 

142.5 

22.5 

285 

1933-33 

5166 - 66 

221.66 

361. 66 

14 83 . 33 

0 .56 
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TABLE 48: Rimp.e and avenfe value of trRce eJement 

contents in ppm o f the Lithic -Ar en ite 

Element Range Avera ge 

Co 15-35 25 

N; ! . -- 40- 75 65 

Cu 35· .. 210 119 

Pb 20-, 25 21 

Cr 150- 500 27 0 

Mn 500··3000 1600 

Ti 3000-1% 7000 

V 50- 500 290 

Mo 0.5-1 0 . 78 

Ba 200·2000 660 

Zr 200 - 50C 320 
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h " " "1 "" 0" "h ~ +2 b f" ." h BVlng ~lml ar IonIC r 8 IU S WIt re mAy 0 . 1xe~ In t e struc-

ture o f sedimentary marnetito (C;o ld~ c hJ1'idt, 1954). 

The Co/Ni ra ti o as shOl"1'. t-y Fr iet sch (1 970) of magn0ti te 

and h,3matite can be used to i'.iffo r en ti Ate bet weon r ecks of ipneous 

and sedi mentary origin . t' ccordi ng t o Fri e ts ch, th e Co /Ni ratio 

i s below unity for iron oxiles of low tempera ture and sedimentary 

origin, but hi pher value s are ob tained in the iron oxides of 

igneous origin. An attempt was made to check the above s tat e ment 

by means of the data given in Table 44 . Excep t for the ElF of 

vol cano-sedimentary origin of USSR and Itabrite fr om ~inas Ge r ais, 

Brazil, all t he others agree wi th Prietsch's proposal. Some of 

the analyzed samnl es of tne associated metase diments fr om the 

studied area also pa ve Fr ietsch's result . But i n th e Chago iron 

formation the Co/Ni ratio was found to be bela'. unity fo r some of 

the s amp l e s, while it is abo ve unity for most of t he samples. 

Furthermore, the averaFe Co/Ni ratio of all the samples is above 

un ity . 

LanderRren (19 48 ) sh ewed the l ow concentration of Cr below 

the clarke value of sediments (1 10 npm), as indica tion to origin 

of such ores as oxidates . Fri etsch (1970) reported that Cr is 

pr esen t b",low th e lithos pheric content (90 jvcm) in the magn etit es 

of the iron ores of N-Sweden, wh ich aTe non ma gmatic i n origin . 

Majumder, et. a I., (1 982) reported that in the Orissa BIF (India), 

Cr ranges from 20 to 50 pbm, while in the separat ed mapnetites 

it drc-pes to 4 - 5 npm. On t he other hand they sho~u;-i tha t the Cr 
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content in the in t e r - l aye r ed tuff to he as high as 300-2 000 nn~, 

thu~ st r cnp l y sugpcstinr an i V';oo us ol'igin . In c'hago I ro n forma­

t i on Cr ranges from 0 to 30 ppm, while i n the magnct i te ·· hematite 

lenses is below the ~etecti0n limit , The over-a ll Cr ave rage 

content is 4 . 65 "Dm Hence the low Cr cont en t of t he Ch apa 

iron formRtion substantiates the ass ump tion of its sedimentary 

origin as oxidates . 

Titanium has also been use d as a tempera ture i nd icator by 

Fretsch (1970) to differenti ate between marnetites forme~ by 

high t·::nnperature magmati c j) r oc2ss and low t empe r e.turf' sedimentary 

process. The clark value Gf lithospheric titanium is ~lven as 

10,000 ppn' (Shaw, 1964), Majumde r, ct . aI. (19 82 ) have used 

Frietsch's ide a t o de t e rmi ne the f ormation of tempe r a ture of 

the Griss e lF ~nd associat ed tuff by usinr the ti tani um cont ent . 

Th ey found t h e Ti con t en t of t he B IF to be in the ran ge 30 - 80 

PPM, while the tuff' exceeded 1000 npm. The Chago ma imeti t e ­

hematite lenses contain 1 8W Ti comp a red wi th t he ferruginous 

sedi ment s. The overal l mean Ti. cont ent at Cha.l1o is 362 PPM, which 

i s still low when compared with the li t hos phe ric value. Th i s 

possibly lead to infer t hat tIle Chapo i ron formation was for med 

by low t emperature sedjment~ry proc esses. Ti con tent for asso­

ciated metasedi ments (qu artz-sericite-chlorite schist and lith ic­

arenite, Tab l e 47 and 48 is r ath er high, ran !1 inp. from :5000 to 

10, 000 ~pm. This probably r efl ects incorporation of i gneous 

mat eria l in the c l as tic f r actions . 
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Hirs t (1 962 ) showed th e ~i stri bution of Zr to be re l a te ~ to 

provenanc e rather th an t o sortinr of se'~ i mcnts, as zircon is 

ultr<!3table and rarely CeC(lmpoo.'c;s . Lence rocks she·wing hi !Th Zr 

content can probably be tak en t o in dicate e ith e r ~ircct igneous 

ori gin or incorporat i on of i gneous ~a t e ri o l s . T~~ Chapa i ron 

fo r mation shews very ] 01" content of Zr v: h i ch is r e 18tively hiph 

in the ass ociated metasedi m0 nt s. This r esult ol so st rongly 

substantia t e t he s e diment a r y eririn of the Chapa i r on formct tion. 

In order to ext ract mor~ i nforwcttion fro m t he trace e l ement s, 

two tri angular varicttion di '!gr ams were made by usin p, Co, Cr, Ni 

and Cu as end membe rs . 

a) Ni - Co-Cr diagram : This diapram exh i b its thAt most of 

the plot l i e on the Ni -Co l ine. be caus e of very l ow or l ack of 

Cr . Mos t of th e po int s f a ll b elow 50 % Ni con t en t (Fig. 60) . 

Th e graph s hows si~i l a r va l ue f or the Ni content of Cha pa and 

Oris a iron formations . l~e Ni content for all HI F nlotted shows 

a v~ri at i on ne t exc ee din g 20% with a notabl e excen tion for th e 

vol cano- sed i ment a r y B I~ of USSR, who~e Ni conten t i s h ighly 

deplet ed. The r ranh als o points ou t tha t Chapa iron f orm2tion 

dif fc r!I :'rol" othe r BIF fo r its low Cr cont')nt. Accord i ng to 

Landergreen (1948), s uch a low Cr content s tron ~ly suggests that 

Ch ago iron forma ti on is orif i nated by oxifate a ccumulations . 

b ) Co - Ni -C u di a pram : This t e rn a r y diRp r am ~isclnses t he 

hi gh concentration of Cu wi th respect to Co and Ni (Fi e. 61 ) f o r 

Ch 2go. The oth er oxi de facic~ rIF nlotted are 1 01' in the ir Cu 
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content. TIle Co content for Chago is comoarable with those of 

Algoma and Orissa BIF, the difference being 5 and lSI rescec-

tively. 

The high Cu concentration for the oxidates from Chago could 

be due to the scavenring effect of Pc-hydroxide with respect to 

some metallic elements . 

CONr:USIONS 

From the combined study of major and trace elements of the 

Chago iron formation and associated p~ tas e~iments . th0 following 

conclusions are arrived at : 

i) Except for Si0 2 and in some cases for AI Z03 most of the 

oxides f rom Chago iron formation are simi13r to those of the Pre­

cambrian iron formations . 

ii) Chapo iron formation. wh ich is made UP of iron oxides . . 

and cryptocrystalline silica with no trace of carbonate, silicate 

and sulphides and being devoid of t err igenous mate~ials belongs 

t o the oxide facies of James (1954). 

iii) Though it does not represent a classical example of the 

Superior BIF type, Chapo iron formation resembles more the Superior 

Type than the Alfloma type of iron formation. 

iv) Its high Fe, generally high A1203 , and low 3i02 contents 

make the Chapo iron formation unique when compared to the other 

well known Precambrian iron formation known throughou t the world. 
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v) D en l~tion of trace element in th e iron formation of 

Chogo when compared t o the assoc iRted metasediments, in~icate s 

th e abs ence of cl~stic ma t erials in the former . 

vi) The l ow Ni, Cr, Ti and Zr contents shown by Chap.o iron 

forma tion incicates its 1 011 t (mperatur e scc1.imenulTY ori r in. 
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6. Mineralization 

Accor~in? to the works of Rudis (196 4) the iron mi neraliz a­

ti on in the Gulliso-Chape"Yubdo orca Qre divided into two penet ic 

tyryes : 

1. Ferrurinous quartzites with magnetite-hern~tite lens es , 

and 

2. Silicified residu3l limoni tes. 

The first type of iren ore deposits ore reryres ent~~ by an 

Iron bearing horizon inters tratified in Pre cRmbrian metesedi-

mentnry units, while the 5eco00 one is bound to the resi~ual 

concentration of decomnos 2d tcHt iar;' basal ts. 

Tho ironbc>arinr horizen v'as (lQ']osited in a shallo\'1 wa t er 

near shore environment as c~emi c al nricipitate. But later all 

the sedimen ts torether with the surrounding nlutonic rocks were 

subjected to a low grade l'<egional metar.~orDhism, belonginp to the 

green schist facies. Mineralogy, t exture , and structure, which 

generally have been the basis of iron formation studies, are 

mainly the r es ult of denositional, diagenetic, and metamorphic 

conditions to which the particular rocks have been exposed. 

As a result of these the metamorphic effect could have remobilized 

and concentrated the iron orc, fo r minp very thick bands Rlld lenses 

as compared to the th in films c f quartz and other gan gue minerals. 

Accordinr to Rudis (196 .l) the occurrence of large mapncti te 

hematite lenses within th,; ferrul'inous quartzites i~ T'robably the 

result of ~ehaydration of a p ri ~ary limonitic ore bodies. 
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The tenor of the comDact marnetite -hematite lcns~s r anges 

from 58.75 to 67. 87 perce;lt, w}'lle the ferruginous quartzites 

range from 31 to 56.3 percent. The overall average t~no r of 

iron at Chago is 54 pcrc0nt. The mapnetitp-he~atite or&s of 

the studi ed a r ea reDresent c' high [' rael e iron, and unW:lrrted 

i llltl uri ties, like Sand r,'·fh iet. harm the n r c-nerties of nip 1 ron 

and steel arc beloH rrllowable l imit. The content of silica is 

a ls o extreme ly low even when compared Idth other well known i ron 

formations of the world. 

Rudis (1964) est i!'lat nd the " p..eo lo pic r eserve" of the 

hi gh prade are to be 440,000 tons, takinp 50 pe rcent of the 

strike lcnpth (of 400 mete rs), 5 meters averape wi dth, 100 

meters denth and 4.4 tons pe r cubic meter. Simil arly the low 

grade or.~ ( "33" l1c rcent of iron. content) at ChagD and the 

vic inity was estimated to be 12,000,000 tons based on 3.2 tons 

pcr cuoic meter . 

BelClY, et. Cll. (1980) usinr the Rudis es timat ion me thod, 

calculated the maximum tonnClpe o~ the h iph prade are to be 

12 ,672 tons, concid~ring the stTikc l enrth to be 120 meters and 

th e width? meters. Simil;:;rly the Chapo l ow j)' rade mat0rial lV as 

es timated t o be approximately 27,000 tons. ~ccordinf to the 

es timations of Belay, et. 31. (198()) the to tal irnn tonDa!!€' a t 

Chage is apnroximately 40 ,aa~ tons. In all t hese ·)stimates the 

maximum depth taken was 1 2 ~~t~ rs belolV the ccover. 
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Accordinp to it s ch em ical cowros ition and nhy s ica l proDe r­

ties, t~ u hi r h grade are of Chapa is s uit abl e for any kind of 

smelti'lg ~ roc e ss, But the amount of r es ource of t he high grade 

are i s much be l ow th e worl~'s exrl oitation li~it . Th o estiwated 

27 , 000 tons of l ow grade iron ere was a lso proved by mafne towe t e r 

survey to be much lower, du ~ t o the assumed uni f orIT t hi ckness of 

the mar-net it p. -h emat ite 18.ye r was found to bo lenti c ul a r and t o 

attain of'ly a lil1!it ed si z'" (Bnlay, 19RO). 

Caspite the excell en t qua l ity of ore at ChaPD, it does no t 

offe r any ch ance for est3blishinr a steel industry on a ~ationRl 

scale . It is reckop.cd thai: for th is nurT' OS " at l ,.~~ st 15 million 

t ons of hifh grade iron are sho uld be re8.dily ava i labl e. 

Under th e present conditi cns , I OCRI small-scale min ing and 

sm01tin f for manufacturing i ll s itu rroducts mipht be economically 

fe:lsible . 



- 14S -

7. Genesis of thA Iron -fo rw~tion 

The lack of 1TI0dern- '.i:!y examples of i r on for mation deposi-

tion makes tho subject of oripill a {'ortiI c one for snecula ti on. 

If the wide diverrence of opinion in even th e' rr.'C6nt Ii teratuTc 

accurately reflects currant gcolopical th ourht , the ~edimentary 

iron-bearing formations are still little un~erstood. 

Iron form:1tion was (ip.fine~l by James (l 95'f) "s " (! chemica l 

sedimentary rock, tyni ca l ly thin bedded and/or finely laminateri , 

containing at least 15 % iron of sedimentary ori~in and commonly, 

but not necessarily, containir,r 1.'1yers of chert. Ii Iron form.1.-

tion an d the renetically relatecl chemical sc~i~onts included in 

this broadly defined lithologic a l frouP are ~i s tinyuished fro m 

the cl ay - iron s tone ferruginous se'diments by the presence of 

banded and layered cllert an d quart z, and si li ceous matrix f or 

iron mineral s, by a lower a l umina Rnd Titania c ontent, and by 

characte ristic primary se dimentary features (G ross, J.::J65, 1972) . 

Distinctive t extures primary sed i T~entary L ,atures, mi nera-

logy, minor element content and the 'lssoc iate d rocks indicate 

th e wide Tan re of environmental conditions in which iron forma~ 

tions were deposited . 

A classification of tht i ron f0r~ation as L Rk~ Supe ri or and 

Al goma types was introduced (Gross, 1965) to e~n~asize differences 

in the kinds of Hssociated rock in the denos itional environment s 

and geologica l sDttinps f er the various occurences of iron 
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forl~!nt ion o Sedin1entary enviTon1l:cnts f or the dcnosition (l ~ iron 

fOTr ;uticn extends throu j;"~ ' 1 bro 'tO snectrum from n e ri t ic bilsins 

to the de epe r T'n rt s of th ~ continental shelves to tectonic-volca­

nic ri ,l,.:e s offshoH',. and t e, dec,rye r ocean l:Jasin (Fig " 62, Gross. 

19 20) . 

It hes been surreste d t~at extensive de~osition of iron 

forma tiun durinr the Precnmbr i,n "as r e late c' to spec:ial factors 

in t he deve loDme nt of the atmr)srliere and lithosn' le rE iI'vclvin f. 

th e oriein and evolution of organisms, and increase of oXYEen in 

the atmosphere , the influence of carbon and oxygen in sed imen­

tary environments, ana the trunsr,ortation :lIlC
' 

uepositi on of iron . 

Genetic mode ls for iron f OTr.lati on which flmDhasiz e these facto:r:s 

have been prorosed bv sevlJr3.1 Ho rkers (MacGre),or, 1972 ; C10u(1, 

1973 ; Holl.anc1, 1973 ; LaIl,nre, 1973 ; Garrels, ct .al. " 1 '173; 

Drever, 1974). However, Gross (1903) concluderlrhat t he rl,epo-

sition anrl distribution o f iron formation has be en control led 

nrima rily by tectonic fflctors" ,lnd t1'lat biopenic f actors and the 

composition of the atmosphe r 11'1<1 :1 lesser, and nrotably limited 

influence on the precipitati on o f those ch emical s ed iments. 

The Chago iron forma ~ i on is associa ted wit!l quartzit e s, 

diffe r ent quartz rich sch i sts, and pranhitic phyllites . Their 

association clearly indi cfl te the e~vironme nt o f deuosition to be 

near shore or cont inental shelves . The barite which is inter­

haded with quartz and magnetitc-~emat it c ncar C~ago (St-29) 

signifi es that the denosi t ion had t a k 0n Dlace in a very limited 
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basin of la poonal environment which ~ns boc!n Teducin~ for a short 

ner iod (indicate d by th e rr B s ~ nc ~ of some ~ is 8 minated sulr!lirles). 

The associate~ undeffereDti a ted hios-her()irls, whicl, probably are 

blue-preen n1ral pene ra, stTOJ1p ly su"port the idea that the Chapo 

basin was a somewhat saline, r estric t ed laroon, 2nd marrinal to a 

true continentll shelf. In its tectonic scttir'l: the': C!lago i r on 

formatj.on resemble tho sUCl(;rior typo of iron formation. 

The chemical compositions of iron formation, on the other 

han d reflect tlle overall feoc!: ~mical con~itions that p roduced such 

concentrations of iron in th e lithosnhere, and they hold answers 

to some of the fundamental questions of origin. The data ob tained 

from the chemical analys es of th e orps and associa ted motasedi~ 

mentary lini ts. which has been c. i s cUSSC(l in C1a')ter 5 supn l emented 

with the existinr ~eolcrical evidences strongly sURgests that the 

Chago iron forn'ation is a low temrc r:tture secl in1ent ary origin. 

A lat eritic weath e rinp mo de l was ~esirned by Len~ and Goldich 

(196 4) to explain th n derivati on nod accumulation of the Precamb­

rian iron forl~ations. To check the ex i stence of a~y similarity 

be tw een tlle residual limonitic laterite of the st udi ed area and 

the iron formation of ChapD, the analyzed samnle~ were plotted in 

various trian?ular variation diarram (Chapter 5) . Fven theu[h 

thes8 graphs are not s uf f ici ent to conclude the d(rivat i cn of the 

iron fo rmation by lateritic weatherin[, it could ~erive some clue 

about th eir similarities and diffc rences . 

The sourCG mat erial th'l'i: surpliee' the ('taro tasin wi til ir on 

could I' robably be [,n iron rich an d silica ~' o or mafi c r ocks. 
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2 . Iron OccurrencQs in [ tilio'(> i '\ 

A primitivo l o cal smeltin r of i ron ore f or v8nufcrturinp of 

imp l e ments h 35 beo n cBrria d o~t in Ithioni~ fer cantur~cs, and 

exis ts still nowadays . 5m2 l l acc~mulati on 5 of i ron ore have 

been exploi teo for this ')ur}) ose throu phout the country. 

Sor i :.:~ s efforts to fiI d j ron o r e in Ith io'1ia \"~re made durin!, 

th e Italian occu~ation. No 0e~ssit5 of econo~ic s ignificance 

1;'01'8 discovered in that ti i~e (" amrla, 1 97.3) . Lat e r, foll,1winr 

the stipulations of the s eccnd five veal'S plan (1 9~O-196S) to 

erect ste B I-~ill industry in [th ion ia, th e known iron o rc Qccurr-

ences wer .. ;· reassessed. t'los t c,f th e 'Iork WRS ')or£orJl'o<1 by t he 

Min ::' stry of Mines durin" 19 G2 '1 06 '; , ,\1 thourh hi,,{h grade ore was 

discoverec at ,.,laces, the rese rves a r .;) far to o low t o GI l a' . any-

thin £: but a most modesr. l oca l de velonT!lent. n ost of t he locali-

ti es were iron ore has been found are shown in Fi r. 63. 

Accordinr to the man n r Gd ucod by J 0 len c (1966) abe ut seven 

of the administrative r epio11s el f rthi op ia are known with an 

indic~tion of iron occurranccs. Off all th e occurre nc e s the con -

eentratiGn known in Wolle ga a:k Iritrea are more important fllowed 

by Keffa, Tiere and Harral' Prnvinces . 

Areas of lar re r dc~osils and of which has beon investipated 

by various workers are riven below: 

Eri trea: Bodies of hiph grade mapnetitic ore occur in the 

Sabub-Agametta a r oa, about 40 km. east of AsmarB (Hamrla, 1966; 
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Rudis, 1964 ) . Mineralovically , the ores of Avmatta-Sabub a rea 

cons is t s of cranob l astic maytit ize~ mapnetite in a qua rtz matrix 

with minor ad~istures of other mi~era l s such as lamella h ema tit e, 

chlorite, mica, epido t e all d s?lci t e. 

Diffe r ent inves tira tors nave tried to e stimate the ore o f 

~game tt a a rea. Krupp (1 956 ) est jmat s~ i t to be 2.5 mill i on tons , 

whe r eas, according t o Rudi s (1 964 ) th e r e is only about 425 ,000 

tons of ore. On the other han d ~ · amrla (1966) estimate d the visibl e 

tonna ge to be 132 , 000 tons with ad~itiona l indic at ed and i nfe rre d 

ore in the order of 500,000 tons at maximum. 

The accumulation of i r on on [ritrea flateau, south of Asmara 

as well as Northern Ti pre is bnun2 to pre-tertiary penen lanation 

an d l at eri tization of Precal~,brian rock s. Iron oxic1.es originated 

insitu in late riti c re s idue , f orminp ancient resi dual -la teritic 

deposits (Famrla, 1973). Th e peneplain was buri ed unde r Tertiary 

Trap volcanics. Reddish layers of ferri fe rous r ocks occur where 

the present erosion remove d th e basaltic capr ing , and can be 

observe d everywhere, where t he pre- trapneml l e ve ll ed surface is 

exposed. Th e larpest eXT)osures are between Asmara and Abarda, 

some 12 km. to the southwest of Asmara, whereas the other expo­

sures Rre alon~ tIle whol e marg i n of the Tr an capping (Eamrla, 

1973) . 

The richest po ·rtions usually occur as reddish-brown spongy 

rock interminrled with iron hydroxides just at th e ton o f the 

ferruginous lay e r . Th ese bodies are said to have in a ve rare 
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less than 30 percent iron (hamda, 1966) . Usoni (1952) reported 

between 30 and 56 percen t iron and 13 to 23 nercent Silica. 

Accordin~ to Hamrla (1973) there might be localized no rtions with 

that much iron, an d some "enrichment' could have occ1lrred throuph 

leaching of iron from overlying decomnosed volcanics. Conce rnin g 

th e reserves, the Italians reported 15 mi l l ion t ons of low-grade 

ore an d 200 million of pr0bable ore (Usoni, 1952). 

Anothe r a re a of int e r est in Eritrea is t he Ghedem iron ore 

deposi t, which i s located at the Extreme northern t i p of Ghedem 

mounta in about 71 km. South of l,j assawa. It occupi es a smal l 

horst and i s a minor int e rest ing hot sprinp t ype deposit (Hamrla, 

1960) and has been explored by Italians in 1 940 (Usoni, 195 2). 

From mine ralorica1 t extur a l an d st ructural evidence the Ghedem 

iron ore ori rinate d from assendent solut i ons of a very youn r low 

t emperature thermal activi t y (Hamrla, 1966). 

Accord in g to Hamrl a (1 966 ) there exi sts ab out 36,000 tons 

of vissible and some hundred thousand tons of Dossible or e. 

Similar figures were given by It a lians (Usoni, 1952) . Rudi s 

(196 4 ) calculated the rese rve to be 6 , 577 t ons per one meter of 

depth; which means 65,000 tons to a dep th of 10 m. 

Keffa: The Mai-Gudo area, whi ch is about 50 km. Southeast 

of Jimma is known fo r t he occurrences of residual iron OTes of 

infltration type, where it is oririnated from weathering 

decompos i tion 0 f vo l canic rocks. ferric i ron has been leached 
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transported and nrccinita t ed mo re o r l e ss in situ , ~a rtly in 

the s oil residue , nartly in weathered, crackecl surficial portion 

of the country rocks . Bec'lus e o f abun.:1.ant imDur i ti es an average 

grade would be lOHer and cou l d not exceed 40 ne rcent in t he best 

cas e (Hamrla , 1973). 

Durinr th e It a li an occupation about 20,000 tons of OTe was 

mined and t he reserves Here es t i mat ed to be 1. 2 million tons 

(Us oni, 1952). Murdock (1960) calculated 120,000 tons of visible 

res e rves and a probable 25,000 tons of are. 

Woll era : Vario us ori gin of variable " rade s of are occure 

in different parts of Wolle ga amon~ which the Chago , Werekalu , 

Dima, Gordana or Koree , Billa and Bikilal are at least investi­

gated by different workers at different time. Mineralogically 

the iron ores of central Wollega consists of martitized ma gne­

tite- hematite which is massive at vlaces Banded and usua lly 

coarse or crystalline ag gr egat e. 

Rudis (1 964) surveye d t he a rea peo lo pically and b~ magneto­

meter. Repres en t a ti ve samp18s were collected, t es ted, and put 

the reserves est imate at BOO, OOO tons of Dossib l e are in central 

Wollega . On the contrary Hamrl a (19 66 ) e stimat~d the visib l e 

ore res erves t o be 160,000 tons for al l known localities, with 

possible rese rves ranging in t he order of 300,000 tons. 

Jelenc (1966) appeared with a positive idea by explaining 

the extension of the ferru gi nous schis ts in the area and expect ed 
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" many ten million tons of iron reserves 11 i n t h is part of Wo llega. 

UN mineral survey (UN r epo rt, 1971) checked th ese iron ore 

occurrences by conducting reo chemis try and mapnetic survey and no 

concillsions we r e reached excent t hat tIle de nos it s ho l rl little 

promise of development as Iron ore r es ources . 

Iron occurrences has been a ls o identi fied in Sidaffio ~round 

Yab e l lo and Arero: Th ese arc b 0ul de r s and nodules of Tnagnetite­

hemad t 6 or e. 

In Harrarpie floats of iron has been ropo rted in Pre cambri an 

rocks o f Che r che r Mountains an:1 a l so around Jijiga and Dire-Daw a 

a f e rruginous s andstone with 5-1 51 Fe has been r epor te d. 

Genetical l y th e iron occurrences of FthioDia be lon? t o 

dif fe r ent ty pes and the ores are mainly oxidic (Hsmrl a , 1966). 

The prima ry high gr ade ore s are associ:lted wi th the Precamb ri an 

environment while the secondary residual or es are wide spread 

throughout th e country in different geo lo gical environments. 

Hydrothermal occurrences aTe subo rd inated. Th e fo ll owi n g typ es 

a r e hi the r to r ecognized: 

1. Deposi ts as so c i ated with Precambr ian ?T een-schist seq u­

ences. They a r e most probably sedimentary i n origin, l a t er 

af f ec t ed by me tamornhic processes. 

2. Res idual concentr at ion deposits ori r inated by weathering 

decompos ition of ferruf'in ous rocks and subsequent l eachini! and 

trans portat i on of iron oxi de by sur face wat ers. 
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~ econdary r esidual i r on accumulat i on , a nroduct o f recen t 

we ather i ng an d enr ichment aTe ~ id e s n read t llrou~hout t he count r y , 

gi vi n g r ise t o loca l indi penous sme ltin9 a t n l aces, but in no 

cas e extensi ve enou~h to b e of wi der commercial val ue (Pamr l a, 

19 73 ) . 

3 . Know n hydrothermal dep os :i ts a r e of hot-s prin g t ype. 

4 . I r on concentrat i ons of mapmatic t yne have be en indi c ated . 
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CONCLUS IONS AND R [ cmp,> INDAT IONS 

From geolo Rical, pe t ro era~h ical. and ge ochemical studies 

conducted on the rocl:s of the stud ied area , the fo11owin!! con­

clusions and recomPJe ndati ons aTe dr awn : 

1. The rocks of the studi e d area , except the tert i ary 

volc anics have underf'one t. ), ro llph a rel'iooal metamornhism of 

green schist facies . 

2. The nlutonic rocks cou1e have a r robabl ~ comagmatic 

origin and derive from crystal f r actionation. 

3. Th e ir similariti 0s in most of the oxide comnosi tion of 

the younger t e rtiary basa lts and of the protI'ozoic plutonic 

rocks of the area could indica te a probable r esemblance of the 

original magmat i c mat e ri al of th e pl utonic rocks with the basalts 

and the ir generation in the s ame type of tectonic environment. 

4 . The Chago i ron is co ns ide red to be a Precarnb r i an Banded 

iron formation. 

5. In mo s t of its oxide cont ents , and envi ronment of forma­

tion, the Cha go Banded iron formation is similar to the Super i or 

B IF. 

5 . Both majo r and tracn e l ement geoch emistry t est ified that 

the Chap-o iron formation is f orme d by a low t emn e r ature sedimen­

tary processes. 
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CONCLUS ION S AND R ICcrPHNDAT IONS 

From geological, pet ro era-;>hical, ano p'eochemical studies 

conducted on the rocl;s of the studied area, the followirll! con­

clusions and recomp~e ndations a,e drawn: 

1. The rocks of the stud i ed area , excent the tert iary 

volcanics have unoerrone tLrough a rep-ional metamornhi sm of 

green schist facies. 

2. The nlutonic rocks coul~ have a probabl e comagmatic 

origin and derive from crys tal fractionation. 

3. Their similariti 0, s in most of the oxide comnosi tion of 

the younger t e rtiary basa lts and of the protrozoic plutonic 

rocks of the area could indicate a probable Tes~mblance of the 

original magmatic mate rial o f th e plutonic rocks with the basalts 

and their generation in the same type of tectonic environment. 

4. The Chago iron is considered to be a 'Pr0carnbrian Banded 

iron formation. 

S. In most of its oxide contents , and environment of forma­

tion, the Chago Banded iron format ion is similar to the Superior 

B IF. 

6. Both major and trac0 e l e ment geochemis try testified that 

the Ch ago iron fo rma.ti on is formed by a low temnerature sedimen­

tary processes. 
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7. Further st~dies shoul d he conductpd to evaluate the 

nature and use of the microfosil Cn undif'erenti'lt:ed bios,.,her­

oids" ) as inrlj cators of th e environ;ccnt o f the cl e:,ositional 

b as in . 

8. Except to its low c;uant ity, the high content of iron 

make it to be a h iph grade orb. 

9. Desnite the excel lent quality of ore at Ch ago , t he 

known reserve does not offer a~y chance for establishing a 

steel industry on a National scale. 

10. Under the present conditions, local small - scale mining 

and smelting for manufactt:ring in situ 1)roducts E'il.'bt be econo ­

mically f e asible. 
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