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ABSTRACT

The rocks of the studied area form part of the Wollepa Birbir
proun of the upper complex and consist of a series of metasedimen-
tary and plutonic proterozoic rocks. The minieralogical assemblage

indicate that the metamorphism is of the preenshist facies.

The variation diagram constructed for the various plutonic

rccks strongly suggest comagmatic orisin by crvstal fractionation.

Major and trace element analyses of renresentative samples of
the Chago iron formation, the plutonic and younger effusive rocks
are presented. The Chago iron formation can be classified as
nrecambrian banded iron formation and is in many respects similar
to the oxide facies iron formation of Lake Sunerior type. The
Chago iron formation consists only of iron oxides and minor awount

of silica with total absence of iron silicate, sulfide and carbonate
minerals.

Trace element geochemistry suggests that the iron formation
was chemically precipitated as oxidate sediments in which the
princivpal iron mineral, magnetite, was formed at low temperature

in a shallow near shore environment.
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INTRCDUCT ION

1.1 Purpose of Investigation

Although a considerable work has been carried out by differ-
ent workers only a little attempt was made in evaluating the
origin of the iron formation and in classifying it in onec of the

tyrzs known as Frecambrian iron formations.

The purnose of this study is to provide new data on the
geology and origin of the iron formation based on surface geo-
logical mapping on a scale of 1:50,000 of an area about 231 sq.
km., trench mappinp, laboratory studies on netrogranhic and
ricrographic analysis and geochemical analysis of trench and

surface sarnles for major and trace elements.

- by o -
1.2 Location and Accessibility

Gulliso~Chago is located in Western Fthioria about 65 km.
west of Ghimbi, in Wollega Administrative Repion and is bound by

latitudes 9°00' and 9°12° N and longitudes 35924' and 35°30 I.

The town of Gulliso is about 505 km. from Addis Ababa and
is accessible by an all weather road which passes through the

middle of the studied area via Aira to Dembidolo.

As the area is highly dissected by rivers and strears with
dense vegetation cover along their route, accessibility is
restricted along the main Ghimbi-Derbidolo road and other feeder
roads which lead to the various mineral nrosrects of the region

like Chago, Worekalu, and to various missionary stations that are



Fig.? : General view of the studied area.



present within the studied area. Other than the main roads which
are accessible by four-wheel drive, there exists many foot trails

which enable one to move from one place to the other.

1.3 Geographical Setting

1.3.1 Regional

Fthicpia is divided into five major nhysiographic units which
reflect, to a great extent the geological history and the structure
of the region (Fig.. 2),

1. The Lthiopian Rift System which divides the territory

into two major plateaus and their associated lowlands.

2. The North-¥estern plateau and associated lowlands, which
represent more than half of the country, and where the
lowlands are situated towards the Sudan border and along
the coastal regions of the Red Sea.

3. The South-lastern plateau and associated lowlands, most
of which is constituted by extensive flat plains start-
ing from the Ogaden basin to the east and the Wabi-She-

belle and the Genale plains in the West.

4, The other units are the localized steep areas of the
rift escarpment and,

5. The Afar depression which has with its limits the low-

est point 125 m. below sea level and is very active and

tectonically disturbed with a basaltic lava lake.
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1.3.2 Local

The project site described is found in Wollega Administra-
tive region (Western Fthiopia) towards the lowlands of the North
Western plateau. It has an average height ranping from 1450 to

1660 m. above sea level.

The surface topography is in general undulated with deep
cut valleys and ravines together with some prominent ridges

trending north-south.

1.3.2.1 Climate and Vegetation

The climate is generally wet during the rainy season that
lasts from June to September with an averapge annual rainfall
ranging from 1500 to 1800 mm. with mean annual temperature of
20.2°C. But during the dry season the area is generally

hot with a high degree of temperature.

The plain areas are covered by savanna grasses and thorn
bushes, while the thick and impenetrable tropical rain forests
are localized along the valleys, ravines, and big river systems,
and their tributaries. Most of the rain forests within the area
are cleared by the local people for agricultural purposes; and
this deforestation has brought a vivid cliamatological imbalance

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

L3202 Drainage

The greater part of the valleys and ravines existing in the

studied area are water bearing. The area belongs hydrogranhically



Drainage pattern of the areq

Fiyg 3




Fig. 4 : Dense vegetation covers along river systems.



to the Birbir drainage system. With numerous meanders the river
Birbir, surrounded with thick and dense jungle, flows on the
eastern border of the prospected area and discharged into river

Baro, which is the tributary of Nile.

As clearly seen in Fig. 3 the drainage pattern of the area
is well developed within the¢ metasedimentary units according to
a dendritic-angular system. The plutonic rocks which cover the
north-western and south-eastern part of the studied area are
more or less poorly drained, showing the strong control of the

lithology over the development of the drainage system.

1.4 Methods of Approach

Geological mapning was 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 samples collected from the surface outcrops
and trenchs to determine variations in mineralogical composition,
texture, and structure of the rocks. Ore microscopy was carried
out on representative polished sections to determine type, texture,
and structure of the ore minerals. Determination of silicate
forming coxides and trace elements was conducted using Atomic
absorption and Immission spectrophotometer on more than 78 rock

and ore samples, and the results obtained are statistically and

graphically treated. Couplei with the field and petrographic

data the subsequent discussions were drawn.



There was no regular spacing practiced during sampling

operations. The spacing could vary depending on three factors:

i) 1intensity of weathering
ii) intensity of mineralization

iii) wvariation in lithology.

The greater the intensity of weatherinp the wider will be
the spacing; and greater the intensity of mineralization, closer
is the spacing. For the same litholopey the spacing is wider and

whenever quick variation occurs, the spacing becomes closer.

1.5 Previous Work

Indications of mineralized zone, svecially gold, in Wollega
were first discovered in 1880s during which T. Combul prospected
the region and formed ' the Societa Anonyme des Mines dfor du

Wollega' (Jelenc, 1966).

Ancient usage of the iron ore cropning out at Chago and
Worekalu, by the local reople smecially prior to the Italian
occupation is evident from the tale of the peonle living around
the area, and they call it " Gordana" which means iron ore in
their language. Besides their tale, traces of former mining

activities are clearly seen within the nrospected area,

After some silent ycars of exploration, in the mid-sixties

and early seventies work resumed by the United Nations and
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Ithiopian Institute of Gesclogical Surveys (TIGS) and Cu-Zn-Fb

peochemical anomalies were discovered.

Rudis Yugoslavia (1964) in apreement with the Fthiopian
Government, Ministry of Mines and Fnergy carried out geological
and geophysical exploraticns. Funting Geolosy and Geophysics

Ltd. (1969) made a photogeological survey of the Wollega area.

Kochemasov (1970) has made a follow-up geochemical programme
at the middle Birbir basin, Wollepa, under the supervision of the
United Mations-Fthiopia Mineral Survey, and an extract has been
made from the main report which indicates the geochemical surveys

over the iron deposits around Chago, Werekalu, etc.

Then Belay Desta, et.al. {(1980) made a short review on the
geology and iron ore occurence at Chago.

Recently a joint project iabelled as '"Ethio-Korean Project'
has started its exploration programme on iron deposits and their

associates around the western nart of Wollepga.
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2.1 Repional

2.1.,1 Previous Work

The Lkchiopian basement has been studied for the last 15 years,
mostly by the geolopical survey of Ithionia (FICS), United Nations
Mineral Survey, and other different workers. Duc tits infant stape
in systematic peological exploration, recent knowledge of the
Precanmbrian in Ithionia is not well develoned. However, the most
comnon and plausible view includes the Frecambrian of Frhiopia in
the PanAfrican tozambique belt which is the structural zone,
streching from Mozambique to Sudan, Igypt, and probably even to
Saudi-Arabia (Fig. 5). At Jifferent time many workers have attemnted
to describe and give exnlanation of this belt. Holmes (1951)
described the lozambique belt as a late Precambrian geosyncline so
deeply eroded that its inner highly metamorphosed parts are exposed
on the surface. The same view was expressed by Cahen and Srelling
(1966), but later in 1970, Clifford, considerad and explained it
as a 'vestigeosynclinal or wmcbile belt built un of remcbilized

ancient material’.

important contributions to the basement geolopy of Silamo
specifically the Gariboro area in southern Ithioria were made by
(ilboy (1970) and Chatter (1971) and to that of ¥effa, Gamo Gofa,
and Illubabor by the Ithionian-Canedian Omo River Project (1973-
1976). An important compilation of all the available data was

made by liohr (1971). But later on, kazmin's (1971, 1872, 1975,
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1976, 1978) works provided a better understanding of the strati-
graphy and possible manner of evolution of the Ethiopian basement.
Senbeto and de Wit (1980) have tried to fit the available data

into the scheme of plate tectonics.

Recently the Fthiopian-Canadian crew under the 'Gore-Gambella
Project’ have started an important peolopical investigation within
the Illubabor Administrative region, which could bring a better

understanding of the Precambrian of Ithiopia.

So far three main Complexes have been recognized in the
Ithicpian Pasement (Kazmin 1971, 1975; FKazmin, et.al., 1978) as

the Lower, Middle, and Upper Complexes.

The Lower Comnlex comprises various hipgh crade gneisses and
migmatites representing the older (older than 2500 my) cratonic
Basement. Biotite and amphibole pneiseses predominate with sub-
ordinate gquartzo-feldspathic gneisses, calc-silicate rocks and
amphibolites. The Lower Complex is a direct northward continua-
tion of the Basement system of Xenya, the Basement of the north-

eastern Uganda and that of south-castern Sudan.

The Middle Complex has been identified in Sidamo Frovince
(The Wadera proup) and in Harrergie Trovince (The Boye Series),
and possibly occurs in westecrn Ithionia. In Sidamo and Harrergie,
it is represented by vsammitic and pelitic metasediments (biotite
and cuartzo-muscovite schists, meta-arhoses, aquartzites) with

subcrdinate marbles, calc-silicate rocks and amnhibole schists.

In Western Fthiopia, these rocks are intercalated with amphibole

schists and amphibolites.
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The Upper Complex consists of low grade rocks in following
succession: 'ophiolitic' rocks, andesitic metavolcanics and
associated metasediments, clastic and to less extent carbonate

sediments.

2.1.1.1 Stratigraply and Tectonics

The Fthiovrian Basement stratiprarhy and its possible manner
of evolution was discussed by Kazmin, et.al. (1978). Tables 1
and 2 represents the probable stratigraphy of the Basement of
Ithiopiz and their correlation within the country as well as to
those of Fast Africa and Arabia. Based on the available data,
de Wit and Senbeto (1980) have attemnted to classify the
Ithiopian basement into five major tectono-stratigraphic zones
(Fig. 7)s

These zones as Tilahun (1980) extracted from the works . of

deWit and Senbeto are:

Zone 1, Calc-alkaline Volcanic Flutonic Belt

This belt can be traced for abcut 1,200 km., and represented
in the north (Fritrea and Tigrai) by the Tsaliet group. The belt
comprises a volcano-sedimentary succession of metavolcanics of
andcsitic and dacitic composition, various volcano-clastic rocks,
tuffs, rhyolitic apglomerates, nhvllites, schists, guartzites
and arkoses with intercalations of cherts, marbles and granite
intrusions. Strongly deformed bodies of early diorite and

grancdiorites gave an age of uptc 700 my. with K/Ar method and

even 300 ny.
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This belt runs through south-west Fthiopia for some 500 km.
from the Kenya border to the Blue Nile and possibly further north.
It consists of metagabbaro-serpentinized ultramafic Complex, un-
conformably overlain by 2 sequence of probable deep water meta-
sediments and ultramafic meta-volcano-clastics and metasilicic

volcanics. It represents the lower part of the Birbir groun.

Zone 3

This belt is observed north east of Lake Rudolf and consti-
tutes rocks comprising a series of mafic gneisses and granulites,
layered biotite and hornblende gneisses, aquartzo feldspathic
gneisses and migmatites and paragneisses. It represents Konso

gneisses of the Lower Complex.

Zone 4: Fastern Metamornhic Relt

This belt consists of high grade pnecisses and mipmatites and

ophiolitic rocks.

Zone 5: South Western Cataclastic Belt L

This belt is a mega shear along the Sudanese border and can
be traced into a wide North-West striking intracontinental rift
in the Sudan which is filled with upto 15 kms. thick phanerozoic
sediments.

The tectonostratigraphic zones described above as fitted into

the scheme of plate tectonics (¥azmin, et.al. 1980, deWit and

Senbeto, 1980) are:
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Zone 1 because it is built onand into pre-existing continent-
al crust represents a paleo~calcalkaline arc; due to its charac-
terstic rock association; Zone 2 is designed to be a remnant
inter~arc or back arc basin; Zone 3 is a zone of high grade
metamorphic belt which could be the result of collision and sub-
sequent subduction of oceanic crust below volcanic arcs-thus
represents an arc trench gap; Zone 4 which contains the Adola and
Kenticha ophiolite belts represents intercontinental to intracon-
tinental rifting; finally,Zone 5 represents continent-continent

collision of African Craton with an undefined eastern continent.

2.2 Local

P w B Introduction

fomd

The rock of the studied area forms part of the Upper Complex
of the Wollega Birbir group consisting a series of pelitic and
subarkosic Proterozoic rocks of low metamorphic grade. The Birbir
group forms part of the Nedjo-Metti belt and is correlated with
the Tsaliet groun of Northern Fthiopia, Mormora group and Kajimiti
beds of Southern Fthiopia, Soka and Boje Series of Harrar and
Aisha, the Halaban formation of South Arabia, the Dokan Series of
tgypt, and lower part of the Upper Proterozoic of Sudan (Kazmin,

1972),

To the west of the mapped area, the Proterozoic sediments
rest unconformably on diorites and to the east on weakly deformed

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



the area is covered by basalts, probably of Tertiary age, which
are weathered and crumbled to a silicified limonitic laterite.
Further to the south east, the area is bordered by ultrabasic

rocks, which are hydrothermally altered.

In the metamorphic Proterozoic sediments a nearly north
south extending iron bearing horizon was outlined (Rudis, 1964)
in which large iron outcrops in the Guji-Worabu area while
detrital magnetite-hematite floats can be recognized at Worekalu.
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 prints of large excavations.

The mineralogical assemblage of the metamorphic rocks indi-
cates a low prade metamorphism of the green schist facies. Field
and microscopic studies reveal the occurrence. of at least two
episodes of deformational processes which are evident by the
existence of foliation surfaces which in most cases are produced
by the aliignment of micaceous winerals and faint segregation of
mafic and felsic minerals. The second episode of deformation is

recognized by fold fabric both in macro and micro scale.

o

.2.2 Stratigraphy

The rocks of the project area are covered by thick lateritic
soils and exposed rocks are very limited and even when encountered
they anpear to provide little information. Moreover, outcrops in

these localities are scarce due to the presence of thickly wooded
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vegetation specially along rivers and streams which hinders mass

moveiment of loose materials even on very steep slopes.

Limited natural outcrops were observed along hill tons, in
som: accessible stream beds, and at the neaks of intrusive bodies

which suppert very scanty vegetation.

The mapping was facilitated by artificial sxposures such as
road sections and trenches. Based on field observation and
petrographic studies an attempt was made to establish a tentative

vertical sequence of the area. From top to bottom the stratigraphy

1s
8. Residual limonitic laterite Tertiary
7. O0livine basalt
UNCONFORMITY
6. Sericite-chlorite-muscovite schist
5. Cuartz-sericite-chloritoid schist
4. Cuartz-muscovite-sericite schist
3. Ferruginous quartzite Uppér
2. Cuartziferous-micaceous schist Proterozoic

UNCONFORMITY

1. PFPlutonic rocks



2.2.3 Plutonic Rocks

2.2.3.1 Biotite Granite

This rock unit is exposed in the south eastern part of the
studicd area along the Birbir River. It is leucocratic to meso-
cratic in colour, massive to weakly foliated, coarse to medium
grairned, and strongly weathered. The rocks sometimes grade at

the marginal part into biotite-orthopneiss (Rudis, 1964).

Petrograrhic study of these rocks indicated the rresence of
quartz, microcline, orthoclase, plagioclase, musccvite, sericite,

and subordinate amounts of bictite, chlorite, and epidote.

The quartz grains are very extensively recrystallized form-
ing a2 mosaic of granoblastic texture and are to some extent
oricnted. Some of the equant grains of quartz appear surrounding

a relict crystal of feldswnars showing mortar texture.

The alkali feldspar is dominantly constituted by micro-
cline with a subordinate occurence of orthoclase. The micro-
cline with its typical pclvsynthetic twinning forming the gridiron
structure apnears as mepacrysts and is less transformed as compared
to the plagioclase feldspars. All the mepacryvsts are fractured
and broken (porphyroclasts). There exists also nerthite resulting

from the intergrowth of microcline and albite.

The plagioclase feldspars show a low angle of extinction with
an index of refraction less than balsarm. It is in the albiteoligo-

clase ranpe in composition. They are highly transformed to ruscovite



and sericite especially along the grain boundaries forminge belts
of sccondary minerals. In somc of the plagioclase crystals the
transformation of the original mineral to the metamorphic ones
is oscillatory indicating original zonning of the crystals.

tiost of the megacrysts are almost transformed into minute meta-
crysts of muscovite and sericite, and are preferentialy oriented
especially those which are formed along grain boundary; this

contributes to the weak foliation of the rock.

The e¢pidotes are alsc formed by the transformation of the
plagioclase by the saussuritization process and to a very limited
extent from biotite. All the secondary minerals which have been
derived from the plagioclase feldspars have filled the fractured

narts of the plagioclases.

The biotites are present in a subordinate amcunt constitut-
ing about 2-3% of the rock and are less altered or transformed,
keeping their oripinal igneous character. They are slightly
transformed along the grain boundaries to chlorite which is

rartially oriented.

Due to the presence of extensive recrystallised quartz
grains, weak feliation and mineral lineation, abundant occurence
of relict minerals, secondary muscovite, sericite, chlorite, and
epidote the rock can be said to be a low grade weakly metamor-

phosed pretectonic granite.



2.2.%3.2 Guartz Diorite

A wider belt of massive to weakly foliated, mesocratic,
medium tc coarse grained quartz diorite occurs in the north east-
ern part of the studied area, which amnears as elongated body

trending north-south.

Due to the intense tropical weathering, it was immpossible
to delineate the contact between the quartz diorite and the
granitic bodies. It is highly fraétured and locally faulted with
a lot of veinlets running east-west crossing the general trend of

the rock unit.

Petrographic study disclosed the existence of feldspars,
quartz, biotite, amphiboles, pyroxenes, epidote, zircon, apatite,
sphene, magnetite with rims of hematite, muscovite, sericite and

minor chlorite.

The plagioclase feldsrars are andesine in compesition and
some of tnem are zoned and are variably affected by metamorphic
transformation, where some of the megacrysts are transformed to
sericite, muscovite and epidote. Alkali feldspar dominantly
rertritic microcline, are few when compared with plagioclase.
Some of the feldspar grains are surrounded by oriented enidote

and other winute metacrysts of muscovite and sericite.

The Pyroxenes are extensively transformed, especially at
the rim, to a new metamorphic mineral of rale-preen amphibole

With relict features at the core. The original magmatic amnhi-



Fig. s : Biotite granite:
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Recrystallized quartz, altered

X

A-nicold, magnification 35X,



w 27 =

holes which appear to be pale-brown to deep green are also trans-

formed to a new pale-green metzmorphic amphibole.

The biotite is less affected by the metamorphic effect and
there exist only very few secondary products and chlorite is the
dominant one. Biotite shows a parallel orientation along a
particular direction excepnt along shear zones where disorientation

of minerals is exhibited.

The equant granoblastic aggregates of quartz grains show
undulose extinction in a cloudy appearance and are extensively
recrystaliized with lenticular and subspherical shape occupying
the interstitial position surrounding some of the feldspar grains

forming mortar texture.

There exist lot of sphene which could probably be of meta-
morphic origin, zircon and apatite as accessories, together with
magnetite and hematite which are remnants of the original magmatic

rock.

The dark mineral of the rock is constituted by biotite,
amphiboles, pyroxenes, oxides, and enidote, where biotite is

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

Texturally the rock is subgpranular with relict megacrysts of
feldspars and exhibits idiomornhic to hypidiomorphic porphyroclasts
in a matrix of microlites of muscovite, sericite and chlorite.

The existence of weak foliation, recrystallized quartz,

Seécondary minerals of metamornhic oripin (chlorite, sericite, epidote



and pale-green amphibole), and abundant relict crystals indicate

a low grade regional metamorphism of a pre-existing plutonic rock.

2.2.%3.% Meta-micro Diorite

The western part of the studied area is covered by dark-grey,
massive to weakly foliated, medium to fine grained dioritic body.
It shows no flow structure, and at some limited localities there
exists concentrated amphiboles which is quite big in crystal size
without any preferred orientation. These amphibole rich, melano-

cratic small bodies within the diorite could be xenoliths.

The section study showed two compositionally distinct types

of dioritic bodies.

2.2.3.3.1 Pyroxene-hornblende-biotite-diorite

This rock unit is finer in prain size than the biotite-pyrox-
ene-hornblend-diorite. It is mainly constituted by plagioclase,
biotite, amphiboles, pyroxenes, alkalifeldspars and epidote,

sericite and chlorite of metamorphic origin.

The dusty plapioclase, which is greater in abundance than the
alkalifeldspars appears as stumpy, rectangular forms forming ortho-

phyric textures. They are slightly altered to sericite.

The pyroxenes and the primary brown amphiboles are altered

to a certain degree to pale green amphibole.



Biotite, which is the dominant coloured mineral is slightly

transformed to chlorite.

There is a tendency to porphyritic texture formed by micro-
megacrysts of plapgioclase feldsnars associated with small crystal
inclusicns of pyroxcnes and brown amphibole exhibiting poikilitic

texture.

The rock is poorly metamorphosed with well preserved igneous
textures. The metamorphic effect is revealed by the presence of
few epidote, some sericite inside plagioclases, very few chlorites
from biotite, and pale-green aggregates of amphiboles, which are
products of metamorphic transforration of pre-existing mafic

minerals.

2.2.3.3.2 Biotite-pyroxene-hornblende-diorite

This rock unit is coarser in grain size than the previously

discussed rock.

It is mainly constituted by plagioclase, amphibole, pyroxenes,

few biotite, enidote, sericite, apatite and opaques.

The plagioclases are partly transformed to sericite and epidote,
while the mafic minerals, pyrcxenes and brown amphiboles are vari-
ably transformed to pale-green amphibole. The pyroxenes are cons-
tituted by both ortho and clino-pyroxenes.

The cpaque minerals might be magnetite and there are very few

SQuarely sectioned opaques which are probably sulphides. Among

the acCesscries apatite is very abundant.
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Some of the megacrysts of plagioclase are poikilitic as they
contain small crystal inclusions of pyroxenes and amphiboles.
The order of crystallization is given by pyroxene, then amphibole
followed by plagioclase. The conclusion is derived from the fact
that the arphiboles are present surroundine the nyroxenes, while
both the amphiboles and pyroxenes occur within the plagioclase

as small inclusions.

Most of the mineral grain in this rock assume a parallel

direction of orientation.

Though both rocks are affected by a low grade metamorphism,
the metamorphic transformation is more pronounced in this rock

than in the pnreviously discussed dioritic body.

2.2.5.4 Meta Gabbaro

This rock tvpe is exnosed west of Gulliso town forring a
continuous ridge known as 'Scoloclo Ridge'. It is dark to green
in colour, coarse grained, massive to weakly foliated and hard to

break.

The rock is mainly composed cof plagioclase of labradorite
comocsition, green and brown amphiboles, red to brown biotite,
pyroxene, and seconcary minerals resulting from metamorphic trans-
formation.

Along a fracture zone there exist equipranular, well packed,
Polygonal quartz grains associated with calcite forming granoblas-

tic texture, which probably be a secondary hydrothermal filling.
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Opagues, presumably magnetite, occur in a subordinate amount
with a cloud of sericite and chlorite microlites surrounding
plagioclase and biotite respectively, resulting from a later event
which is related to the partial or complete retrogression of high
temperature minerals. A lot of enidote is scattered within the

rock, resulting from metamorphic transformation of plapioclases.

The clino-nyroxenes which exist in the rock are highly trans-
formed zlong the border with relics at the core into an acicular
aggrepgate of pale-green arphibole. The original brown amphibole
of the rock are also transformed into pale-green amphibole of
metamcrphic origin.

Some of the feldsmar laths present are totally engulfed by
pyroxenes forming blasto-ophitic texture, while in some cases the
the average length of the plagioclase laths exceeds that of the
pyroxene grains, and the latter only partly enclose a number of

the former forming a blasto-~subophitic texture.

The mineral assemblage resultine from the metamorphic trans-

formation indicate a low grade metamorphismn.

2.2.3.5 Fyroxenite

This rock unit is exvosed at the south eastern margin of the
Studied area. The exposures arc restricted along hill sides

around Limo and aloneg Birbir River.



It is grey-greenish in colour with dark weathering surface,
very coarse grained, massive to weakly foliated and highly frac-
tured and altered. A big prominent quartz vein has dissected
this rock prior to deformation and has been deformed together with

the host rock keeping the same strike.

The rock is mainly composed of clino-pyroxene, amphiboles,

and serpentine.

Theugh the pyroxene grains are highly transformed around the
rim to an acicular aggregate of pale-green amphibole, in some of

the thin sections there exist well preserved crystals,

Ampiiboles are also transformed to new pale-green and colour-
less acicular amphiboles. Serpentine mipht be derived from amphi-
boles alteration. This is ascertained by non-existent of relict
minerals of olivine and by thé fact that some of existing amphi-
boles and serpentine occuny interstitial positions.

oy

‘¢ accesscories are constituted by some iron-oxides (opaques)

and a2 lot of inclusions somc of which are anatite.

2.2.4 Volcanic Rock

2.2,4.1 Qlivine Basalt

The vast nortion of the scuth-western part of the area is
Covered by a melanocratic, fine grained, massive and lustrous
olivine basalt. These rocks in outcrop are found along hill tops

and river beds as remnants from the lateritization effect which



crumbled down evervthing to lateritic soil and silicified crustal

limonitic material.

The weathering product of the basalt can clearly be seen at
some localities in succession from lateritic soil to unweathered
fresh roeck. At station A~14, South-west of Andu Village, near
Gojeme River, the upper part of the slope is totally covered by a
well cdeveloned soil, next to the soil is yellow to reddish, easily
friable crustal limonitic material which rests on partly weathered
rock material with a lot of cavities on the surface, and these
narts of the rock grade to unweathered, lustrous fresh rock,

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

The studied thin sections range from apﬁyric to subporpyritic,
with micro-nhenocrysts of olivine and clinopyroxene. The ground
mass is constituted by euhedral to subhedral rrains of plapioclase
laths, pyroxene, and olivine enclosed in black to brown plassy
mesostasise which is often devitrified. The few phenocrysts and
sore of the micro vhenocrysts of olivine and nyroxene are resorbed
and have reaction rim with the ground mass resulting in a contorted
bouncaries. These phenocrysts, the other unaltered grains of

olivine, and pyroxene could be xenocrysts of older material.

The clinopyroxene is usually much more abundant in the matrix
than olivine. The plagioclase in the ground mass vary from non-
Oriented to weakly aligned; compositionally they arc precominantly

1 the sodic labradorite range.
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Opaque minerals, nrobably magnetite, comrise about 5% of the
constituents of the rock. Fornblende and biotite occur in a sub-

ordinate amount while apatite is accessory.

Texturally some plagioclases exhibit ophitic to sub-ophitic
relationshin with augite; olivine is fully euhedral in most cases
but rounded or partly resorbed grains occur; some grains clump

together to give glomeroporphyritic aggregates.

2.2,4.2 Silicified Residual Limeonitic Laterite

The lateritic weathering products of the young basalt cover
most of the south-western part of the studied area. They are
heterogenous in appearance, and light to dark-brown and yellow to
reddish in colour. In most cases these rocks are friable to
earthy material and very seldom they are hard and compact. They
show concentric laminated texture containing small dark nodules
associated with vesicular structures. Their association with the
unaltered basalt is discussed under 2.2.4.1 and the sketch is

given in Fig. 12.

It was impossible to make thin and polished sections from
these rocks, but chemical analysis for seven selected samples was
made for both major and trace elements and the data are discussed

under Chapter 5.




2.2.5 Meta Sedimentary Units

2.2.5.1 Quartziferous Micaceous Schists

This rock unit is exposed along stream beds covering a larger
area. Most of the outcrops are highly weathered, easily friable,

soaked with water and covered by stream side small plants.

The fresh outcrop varies from grey to blue and to rale-green
in ceclour, and is fine grained, soft, and slightly talcous. The
rock is at places interlayered with very small dark graphitic
material and is well foliated and crenulated with moderate segre-

gation of minerals.

Petrographic study showed the presence of muscovite, chlorite,
and very few biotite, and quartz. The quartz is fine in prain size,
but elongated along the direction of foliation and is extensively
recrystalized with some of the grains forming granoblastic textures.
Quartz and mica minerals form alternating layers, which are
parallel tc one of the schistosity planes. The quartziferous layers
contain minor amounts of muscovite, which has parallel orientation
wherecas the micaceous layers have very few, if any quartz minerals.
The micaceous minerals constitute the foliation of the rock form-

ing ribbon texture with that of quartz (Fig. 13).

The number of deformational enisodes should at least be two
where one is to form the foliation (Sl) parallel to the original
Stratification (SO) and the other is to form the fold fabric (S,)

which cuts S, and S at an angle of about 45-50°.
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2.2.5.2 Ferruginous Quartzite and Associated Magnetite/Hema-

+*ite Lenses

The ferruginous quartzites with their magnetite-hematite
lenses appear in a litholcogically well determined horizon belong-
ing to the sequence of the Precambrian metasedimentary units.

The fine grained, schistose and red brown ferruginous quartzites
crop out in a narrow belt striking north-south. The quartzites
seldom change heteropically intc mapnetite-hematite lenses; as

it can be seen at Chago and Worekalu.

The iron ore horizon is mostly covered by thick lateritic
soils. Due to the thick overburden, it is impossible tc deter-

mine the exact dimensions of the ore lenses by surface geology

without conducting geophysical survey and trenching. Rudis
(1964) and Belay (1980) have carried out magnetic survey and made

some trenching both along and across the strike of mineralization.

At Worekalu, which is south of Chago there is a large trench
with fine to medium sized detrital floats of iron ore.  The
position of the mineralized zone is parallel to the main ferru-
ginous quartzites trending north-south. At Chago the ore occurs
in large and small blocks with some detrital floats mixed with
soil (Fig, 14). The magnetite-hematite lenses show similar
features throughout the explored area. It is dark grey to nearly
black in colour with a metallic luster. The ore is usually compact,

massive and hard to break.
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tetropranhic study of thin and polished sections of the fer

ruginous qguartzites revealed the existence of mapgnetite. hematite.

hydroxides of iron, and quartz. Though not all, some of the
sections show clear interbedding of magnetite and guartz. Prefer-
ential growth of both the iron ore and quartz can be seen in some
of the sections where the grains of quartz are fractured and show
wavy extinction.

Most of the magnetite grains are martitized and changed into
hematite, especially along fractures and grain boundaries. A

considerable portion of the magnetite grains show a very advanced

stage of martitization, where sometimes they are completely trans
formed into hematite, with relict outlines of the previous magne-
tite. Limonite occurs in a subordinate quantity mainly as goethite
and seldom as lenidocrocite.

e magnetite-hematite lenses are rather more compact with
less quartz, when comnared with the ferruginous gquartzites. The
quartz grains are finer than the magnetite-hematite minerals. In
some sections the auartz grains show very faint segregation with
preferred orientation, while in others they are disseminated form-
ing clustered agpgregates, and in some of the samples investigated
they appear in a very well developed interbanding with magnetite-
hematite and barite. This feature can be seen both microscopically
(Figs. 17-18) and macroscopically (Figs. 20-22).

Magnetite gprains are rarely unaffected, they show a more or
less high degpree of martitization. Hematite originated by marti-

tization is present surrounding magnetite grains, especially



Fig.17: Interbanding of massive barite and msgnetite.

Parallel-nicols, magnification 35X.
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Fig.1g: Quartzite: faint banding of quartz and magnetite.

Parallel-nicols, magnification 35X.



Fig.+9: Barite: macrophotography of massive Rarite (B) from
St. 28,

Fig.20: Macro te
hematite (), Quartz (Q)

photography of in rbanding of magnetite-

and Rarite (B).
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along fissures and faces of octahedron. In the polished sections
all stages of martitization may be seen from the initial stage to

the complete replacement of magnetite by hematite.

At one locality near Chagc (Station 29) there exists an out-
crop of barite interbanded with magnetite-hematite ore and quartz.
A polished section study made at some part of the barite revealed
the presence of sulphides: namely galena, sphalerite, chalcopoyrite

and covellite.

Galena with its white reflection colour annears surrounding
sphalerite (Fig. 28). Within the sphalerite there are disseminated
exsolution products of chalcopyrite with light yellow colour and
high luster. As can be scen from the section, there are two genera-
tions of chalcopyrite, where one is formed as exsolution product
from sphalerite (Chalcopyrite I1I), while the second one is syngene-
tic with the other sulphides (Chalconyrite I, Fig. 28). Covellite
is present surrounding Chalcopyrite showing its secondary develon-

ment from the latter (Fig. 28).

The order of formation might be: first Chalcopyrite I, then
sphalerite followed by Chalcopyrite II, which is the exolution
Product of sphalerite; galena comes before covellite which is the

last product from weathering of chalcopyrite.

Both thin and polished sections studied on some of the samples
of trench-3 indicated the existence of spheroidal materials, which

appear in solitary, in pairs, and in most cases as colonies. These
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Fig.2s: Net of martifization developing along the fractured
margins of magnetite (m).

parallel-nicols, magnification 240X.

Fig.24: The above section in semicrossed-nicol§ .
Magnification 240X.
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g.25: Relics of magnetite (m) in crvstals partly

Parallel-nicols, magnification 240X,
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very small magnctite-hematite grains are susnected to be fossils
of micro-organisms and arc discussed in Chapter 4 under micro-

paleontology (Fig. 33).

2.2.5.3 Quartz-muscovite-sericite Schist

This rock unit covers a large 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 exposure,
especially to the northern part, it is strongly weathered and
totally crumbled to soil keeping its strike and dip featuring the

original position.

The rock is intercalated with a series of ferruginous meta-
sediments associated with minor graphitic phyllites in the upper
part. It is well foliated and strongly deformed and folded
particularly at the southern part of the studied area, and also

dissected by prominent quartz veins at various localities.

Thin section study revealed the existence of quartz, musco-
vite, sericite, chlorite and very few biotite with some accessory

opaque minerals, possibly magnetite.

Quartz occurs in the groudmass and in a very few case as
porphyroblasts. They are elongated and recrystallized along the
direction of foliation. The foliation is formed by parallel
alignment of chlorite, muscovite, and sericite which have made

alternating stratification with the quartz grains, hence forming
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Fig./9: Quartz-muscovite sericéte$€hist: the foliation is formed
alionment of muscovite, chlorite and serici{tco. Shows
crenulated foliation. (Q= Quartz).

\-nicols, magnification 35X.
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Fig.2p: Ti i '3

18:30: The same rock type as Fig.2s. It shows intense
deformation than the above one. The fold fabric
1s more pronounced.

N-nicols, magnification 35\.



the lenidoblastic schistosity. These minerals which form the

foliation are folded together resulting from secondary stage of
deformation. This folded fabric is more pronounced in the southern
part (thin section 51-b, Fig. 30), and in the northern part of the

area it is expressed by minor crenulation of the foliation (thin

section 2a, Fig. 29).

2.2.5.4 Graphytic Fhyllite

A small road side exposure near Chago along the main route to
Aira. It is a thin intercalation within the quartz-muscovite-
sericite schist. It is pale blue in colour, easily friable, very

soft and shinny, fine grained with silt size materials.

Thin section study (sample 40) showed the presence of very
fine quartz grains, sericite, muscovite, dispersed organic matter,
and opaques probably magnetite. The quartz grains are uniformly
dispersed and preferentially oriented with alternating sequence
with that of the muscovite of the rock. The rather uniformly
distributcd tiny organic materials are dispersed throughout the
rock and are dotted in texture. It is mostly black and dark-brown
in colour, while those associated with fractures are dark-brown

with red shade.

2.2.5.5 Quartzite

This rock unit is exposed at the southern part of the studied

drea. It is a very small road side exposure and slightly affected
by weathering.



Petrographic study both in thin and polished sections (sample
58) revealed the existence of quartz, very few feldspars, magnetite

and hematite.

The pgrains of auartz are well packed and show some degrec of
recrystallization. They show a preferential growth and some of

the grains are fractured and show wavy extinction.

Minor interbandings of magnetite and ouartz are visible.
Magnetite is concentrated at a particular level and also dissemina-
ted in the quartz grains. Fere the amount of quartz is dominant

over opaques (Fig. 18).

The rock shows an elongated, seriate pranoblastic texture.

2.2.5.6 Quartz-sericite-chloritoid Schist

This rock unit is exposed at the side of a prominent ridge
west of Chago and along the main road to Aira where rock materials
have been excavated for roazd construction. It is light preyish,
well foliated, fine grained rock overlying conformably the quartz-

muscovite~sericite~-schist.

This section study disclosed the presence of quartz, feld-
spars, scricite, chloritecid, chlorite, muscovite and very few

epidote, biotite, and pale~green to yellowish amphibole.

Quartz grains are anpular to sub-angular, recrystallized and
elongated along the direction of the foliation. Dark to green

chloritoid minerals exist in the rock in equal amount with quartz
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and are fragmented, massive, tabular to acicular in appearance,
and are well dispersed throughout the sections, (Fig. 31). The
foliation is produced by the presence of stretched micaceous
minerals along the original bedding plane where it is constituted
by muscovite, chlorite, sericite, and few biotite. Faint to
moderate segregation of minerals can be observed parallel to

schistosity and the foliation is slightly crenulated.

The gquartz and the chloritoid are dominant over the micaceous

mincrals 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 original bedding (So) forming the foliation
plane (Sl).

) The second foliation plane (SZ) is pnroduced by the chlori-
toid which has grown at about 70° to the chlorite orienta-

tion,
The dominant texture is lepidoblastic with minor granoblastic

features.

2.2.5.7 Sericite-chlorite-muscovite Schist

This rock unit is exposed on a small hill top along the road
to Aira. It is fragmented and scattered on the hill-top and

probably 1lies conformably cn the quartz—sericite-chloritoid schist.

But it is very difficult to get a direct contact of the two litho-



units due to the intense weathering and thick soil cover.

The rock is pale-blue in colour with nink-greyish weather-

ing surface, has medium grain size, and is well foliated.

5

The petrogranhic study showed the nresence of quartz,
muscovite, chlorite, sericite, few enidote and apatite and some

onaque minerals, which probably are magnetite.

The quartz grains are fine to medium with some degree of
recrystallization and most of them show very irregular boundaries
and are dispersed within the section. CQuartz contain several

solid inclusions and some of them are apatite and opaques.

The muscovite appear in large crystal and are elongated
along two schistosity planes which cross at an angle of about 459,
Sericite constitutes the fine grained matrix enveloping the quartz
grains and is not oriented, which could probably indicate its
formation by secondary transformation nrocess. Chlorite is asso-
ciated especially with unoriented sericite and also occur with

muscovite crystals along schistosity planes.



Fig.21: Quartz-sericdte-chloritoid$$hist: alignment of Quartz (Q)
and sericite (Sr ). The chloritoid (Chd) is inclined
at an angle to the foliation tSl i

X-nicolg, magnification 35X.

Fig.32: Sericdte-chlorite-muscovite $6hist: coarse grains
of Quartz (Q) and nuscovite (mu). They are
clongated along the shistosity plane.

\-nicolg, magnification 35X.



2.2.5.8 Lith-Arenite

This rock unit is exposed west of Chago forming a prominent
ridge, and is grey to pink in colour with reddish weathering
surface. It is a massive, 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, but it could probably be an intercala

tion within the schists.

Thin section study showed the existence of quartz, sericite,
feldspar, subordinate amount of chlorite and biotite with some

opaques, probably magnetite.

Quartz grains are rather medium to large crystals and range
from angular to rounded in shape, and most of the rounded and
subrounded prains of quartz are fractured, while some of the
angular grains do not show fractured surface. Mostly there is
no contact between the grains of gquartz, and are embedded in the
sericitic matrix, There are probably two generations of quartz,
as the rounded to subrounded grains of quartz have been derived
from a very far source area as independent grains, whiie the
angular and unfractured quartz grains could be added to the basin
from neighbouring area without long distance of transportation;
or could have been released from rock fragments within the basin.

They are rather uniformly distributed and could have been settled

in agitated water.
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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-sericite-muscoVite-epidote-pale green
amphibole-chlorite ;

pale green amphibole-chlorite-epidote-sericite ;
serpentine-pale green amphibole ;

pale green amphibole-chlorite-seric.ite-epidote o
Quartz-sericite-chlorite ;
Biotite-muscovite-chlorite-quartz;
Quartz—chloritoid—chlorite—muscovite;

Sericite—chlorite-muscovite.

The rocks have undergone low grade regional metamorphism
of greenSchist 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.



3.2 Structure

The structural study of the area has suffered from lack
of outcrops, intense weathering and very thick soil cover, which
made almost impossible to make an accurate structural reconstruc-

tion and interpretation.

Foliation and/or faint gneissic layering is the dominant
planar feature in the studied area. The foliation is defined
by the parallel preferred orientation of platy minerals whereas
the gneissic layerinp is defined by faint segregation of dark
and light minerals. These features have a gencral NNE-SSW and

NNW-SSE trend with moderate to steep dins towards west or east.

In the eastern half of the area, these planar features
precdominantly dip to the east with average dip angle of 650,
whereas, in the western half of the area, the planar features
with minor variation dip to the west with average dip angle of

60° defining a major antiform.

At least two phases of deformation are recognized in the
rocks. The early phase, producing the regional foliation ‘Sl)’
is axial planar to the tight isoclinal folds and often completely
transposes the original sedimentary layering (So)n The second
phase of deformation (S,) is expressed by the formation of the
fold fabric, resulting in a series of isoclinal folds with

southerly plunging fold axes.



Mineral lineation due to alignment of prismatic minerals is
the dominant linear feature in the rocks of the studied area.
These linear features have a pronounced nearlv north-south

L o) )
trend with plunge 05~ - 207,

Systems of quartz veins trending north-south and E-W cut

the vocks at different localities.

NW-SF trending fractures and minor faults are observed on
air photographs and some are confirred in the field (Belay,

et.a., 1980).



4. Micro Paleontology

Micro paleontological investipations carried out on samples
No. T3—7 both in thin and Polished sections have revealed the
occurrence of large populations of snhercids of certain biologi-
cal origin. Such organisms which have a medium size of 7.8_4mm
occur as solitary individuals but, most commonly, occur in
populations of a few to several dozen cells in close proximity.
When in large populations, individuals are closely packed
(generally the sphericity is not lost due to the material com-
paction), but adjacent cells in most cases are separated by a
few microns of space. Such spheroidal bodies, in many of which
dark inclusions (nuclei?) are observed, stronglv suggest algal
origin (cynobacteria) particularly in their size range. At the
scope of the present study it is not possible to state whether
the dark inclusions are real nuclei (and hence eucaryotic cells)
or not; because such inclusions can be also satisfactorily
explained as procaryotic cells, which have undergone plasmoli-

tic degradation.

Incomplete preservation, mostly due to diagenetic alteiation,
mineralization, and metamorphism a detailed taxonomic interpreta-
tion cannot be piven. As a preliminary study it can be stated

as undifferentiated biospheroids. Fowever some similarities

with the blue-green algal genera Myxoccocoides and Gloedionopsis

are observed.
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Fig.33: Undifferentiated biospheroid(?) in Solitary

and Co 1 eny.

X-nicols, magnification 128C..

Fig.33: Undifferentiated biospheroid (?) in Solitary
and Co 2 eny.

X-nicolg » magnification 512\.



GEOCHEMISTRY

S | Introduction

Chemical analyses for 78 rock and ore samples were conducted
at the Chemical Laboratory of Fthiopian Institute of Geological
Survey. Both major and trace element determinations have been
carried out. The analyzed major elements are SiO29 A1203. Fe203,
FeO, Ca0 MgO, NaZO, KZO, MnO, TiO2 and PZOS’ while the trace
elements are Co, Ni, Cr, Pb, V, Zr, Ba, Mo, Mn and Ti.

The results have been treated graphically, and an interpreta-
tion was extracted in order to determine the environment of forma-
tion of the various rocks, their relationships, and source of

materials for the various lithounits, and age of rocks and mineral-

ization.

5.2 Sample Preparation for Analyses

The main processes to be considered in prevaring a sample
for chemical analyses are: drying, crushing, sieving, quartering

and grinding.

After the samples were dried, 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 sample,

the rocks should be pulverized to pass through a 200 mesh screen.

Two stapes of crushing were used; the first one was to reduce

the big samples into small fragments, the second stage of crushing
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further reduced the small fragments into finer ones prior to
quartering.

After crushing the samples were mixed and quartered in
order to obtain a representative portion of a large sample.
Following the quartering process a small portion (10-15 gms) of
the rock, was taken and grinded by means of a non-contaminating

mill, tc ensure a representative homogeneous sample.

Two methods of grinding were used in order to avoid conta-
mination of the samnles.
a) Cobalt-Tungsten, and

b) Chromium-Iron.

The cobalt determination was carried out from the samples
grinded by the chromium-iron mill; while the chromium and iron
analyses were made from the samples preparcd by the cobalt-tun-
gsten mill. The method has contributed a lot, to minimize the

risk of analytical errors.

5.3 Methods of Analyses

The test samples which were prepared according to the methods
explained under 5.2, werc analyzed using instrumental and chemical

methods of analyses for major and trace elements.

The instrumental methods of analyses include
1. Atomic absorbtion spectrophotometry, and

Z. Optical emission spectrophotometry.
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while the chemical analyses include
1. Titrimetric
2. Colorimetric, and

3, Gravimetric

All the oxides, except FeO, TiO2 and PZO5 and some of the
trace elements (Co, Ni, Co and Pb) were determined using the
atomic absorbtion spectrophotometer; while the analyses for the
rest of the trace elements were carried out by optical emission

spectrophotometer.

Ti0, and F,0r were analyzed by colourimetric method, where

the absorbance of colour complexes is determined.

Ferrous oxide (FeQ) was determined titrimetrically, where
the ferrous ion was oxidized to ferric ion by using metavanadate

as oxidizing agent.

Moicture content and loss on ignition were determined using

gravimetrical method of analyses.

Two methods were adopted in preparing analytical test solu-

tions.

1. Cold EF attack, and

2. Fusion

In both cases 0.2 g, of the sampnle 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 Ceochemistry of the Plutonic and Basaltic Rocks
5.4.1 Introduction

The data obtained from the chemical analyses of the plutonic
and basaltic rocks are attached under Tables 3-1%. They were
used to plot both binary and trianpular variation diagrams; when
the results are apnlied to draw relationship among the different

1ithounits.

Twenty samples of granite, quartz diorite, diorite; gabbro,
and basalt were used to plot the variation diagrams. A mini
computer was used for plotting, giving different symbols for the

different rock units.

Rock No. Samples Symbol Used
Granite 4 ¥
Quartz diorite 4 X
Diorite 6 P
Gabbro 1 g
Basalt 5 <

The basaltic rocks are used together with the metamorphosed
plutonic rocks in order to compare the chemical composition of
the oripinal magmatic material of the plutonic rocks with the

younger effusive ones.

5.4.2 Variation Diagrams

Chemical variation within the rocks of onc magma series, or

among the rocks of different petrogenic nrovinces, can be conve-



TABLE 3 : Major Element Contents of Biotite Granite (Wt %)

Field

No. si0,  AL,0, Fezost Ca0 Mg0 Na,0 K,0 H,0 L.0.I. M0  Ti0, P,0s

A-s 770 125 176 RA50.3 2.6 64500 Lo PeoR 013 . 0,07

55 76.0  11.5 222 0,6.0.2 . 2@aN4.8 ¢0.T 0.8 <0 032  0.04

56 77.0 10,4 222 "0.8-?0._2. “;‘-‘izv:g‘,\"\‘zt'.a"-i_NOT‘i« S 0.8 <01 0.15  0.03

s 74,0 1507 . Zseer 16 0. 5.5 ¢3. S, 07 <01 0.0 0.08
i R L e & 0T Y WP, Bl

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

A-10 57.0 19543 10.36 5.0 2e5 4.4 2.1 0.2 0.6 0.2 2.00 0.86
59 60.0 15.3 8.10 Sl 50 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 S 1.5 0.1 2.2 0.1 0.75 0,16
61 55.0 17..3 9.22 72 4.0 3.8 1.7 0.1 0.8 0.1 0575 0.24
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TABLE 7 : Major Element Contents of Micro Diorite (Wt %)
Field t <0 .0
No. SlO2 A1203 Fe203 Ca0 . Mg0 Nazo K20 H20 L.O.1. MnO Ti 2 2%
A- 4 54.0 15.7 10.51 o2 6.2 3.3 1.6 0.2 0.7 0.1 1562 0.18
21 53.0 15.9 11.07 T 6.2 3.0 1.0 0.1 0.3 0.2 1,53 0.18
74 48.0 25.2 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 2.8 1.3 0.3 1.2 0.2 1.84 0.27
39 50.0 14.8 13.30 10.0 6.6 2:9 0.4 0.1 0.8 0.2 a7l 0.25
7a 48.0 15.6 15.54 6.9 4.8 3.4 2 0.6 0.4 0.2 2.29 0.56
1
TABLE 8 : Major Element Contents of Ggbbro (Wt %)
A-38 48f0 15.6 12.01 L 9.0 2.7 0.8 0.2 2.5 0.2 0.94 0.29
TABLE 9 : Major Element Contents of Pyroxenite (Wt %)
A-47a 50.0 3.0 9.15 18.6 17.0 .4 0.1 C.1 152 0.2 0.27 0.02
48 50.0 2,6 9.58 12.4 18.0 0.3 <0.1 0.6 2 ol 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 90: Trace Element Contents in PPm of Microdiorite:

Field
No. Co Ni Cu Pb Cr Mn Ti v Iy Ba Mo
A- 4 40 75 170 20 30 1000 3000 300 50 T 0.7
21 20 80 215 20 100 3000 7000 300 200 - 0.5
74 30 50 11§ 15 =158 7000 5000 150 300 300 -
28 30 80 80 20 300 3000 3000 300 20 - 0.5

39 20 30 265 20 500 3000 5000 500 100 S00 0.7

7a 50 65 155 20 100 3000 1000 300 70 0.5 0.5

TABLE 41: Trace Element Contents in PPm of Gabbro

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

TABLE 32: Trace Element Contents in PPm of Pyroxenite

A-47a 20 70 170 15 500 7000 2000 200 50 - 0.5
48 40 90 55 10 700 3000 2000 200 20 - 0.5
10 200 0.5

49 45 280 480 30 700 3000 700 100




b

TABLE 13; Major Element Contents of Olivine Basalts (Wt %)

v
'

Field g

5 t

No, 8107 a%9% Fe0” o cao MO  Na0 K0  HO0  L.0.I.  MnO Tio,  P,0,

A-12a  46.0 12.2  14.s8 9.4 8.8 1.4 Lk = Lab 1.9 0.2 2.50 0.74

14b  44.0 13.6  13.87 10.0 8.4 1.8 1.5 13 2.1 0.2 2.47  0.70

4c  44.0 14.0° 14.01 938 8.6 2.0 1.6 1.2 b7, 0 260 - 24 0.1

45 47.0 14.5  17.16 7.45 6.2 %8 .2 & o3 0.4 0.2 2.38 0.5

75 50,0 15.2  14.94 7.6 4.2 3.2 1.0 0.2 1.2 0,2 1.85 0.50
TABLE d"‘l: Major Element Contents of Limonitic Laterite

A-lZd 13,0 12.8 ° 58.34 . <0.1 0.2 <gi1 T 12.3 0.1 1.67 . 0.26

13 11?0 1173 60.55 . <0.1 0.2 . <0.1 . <0.1 1.9 12,1 . <o0.1 2,20 0.48

14a 17.0 2073 41.18 0.6 0.4  <o0.1 0.2 4.1 13.6 0.5 2,06 0.87
15 19,0 1874 45.04 0.4 0.2 0.2 | <0.1 1.6 12.5 <0.1 2.41 Q.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 £0.3 <O;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 ir Ba Mo

A-12a 50 130 210 25 1000 3000 3000 300 100 " 2
14b 55 180 130 20 50 3000 300 20 5 o 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
l4c 55 140 95 35 300 3300 1000 300 200 - 2

TABLEZ6 : Trace Element Contents in PPm of Limonitic Laterite

A-12b 40 55 130 60 3 300 700 30 30 - 1
13 35 60 125 40 70 200 1000 30 10 - 1
14a 95 65 110 60 200 5000 5000 e - 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 v | YU -
16 20 40 45 115 - 300 3000 15 50 b= 1




|
TABLY 17: Average Chemical Compositions (Oxides, wt %) !
|

of the Flutonic and Younger Volcanic Rocks

Flements
(wt %)

s$io0, 76 58.:5 50.16 48.0 46.2 49433

A1,0C, 11.87 15.75 15.55 15.6 13.9 2.23

F0203 2.18 8.9 12.81 12.01 14.91 0.02
CaO 0.85 S bl 8k55 52 8.84 16.26
MO 0<3 33035 6.05 9.0 7504 19313
NHZO 2.92 3.6 303 gl 238 0.26
KZO 4.5 1:.82 1.00 0.8 145 0.1
H,C Gl 012 GUZ3 0.2 0.92 0.3
L O I @l EHaS 0.63 2155 1.46 3.13
MnO 0.1 0532 0.18 0.3 0.18 0.2
TiOz Qs 2 1.12 180 .94 2.84 0.2
PZOC 0.055 0.56 e 0.29 0.63 0.02 h
TOTAL 99.75 100.06 100.32 99.44 100.4 100.08
1. Biotite Granite 3. Diorite 5. Olivine Rasalt
2. Quartz Diorite 4, Gabbro 6. Pyroxenite.




TABLE 18: Average Values of Trace Ilement Contents in ppm

of the Flutonic and Younger Volcanic Rocks

lements

_in ppm 1 Z 3 4 5 6
Co 7.5 25 31.66 55 48 35
Ni 10 26,25 63.35 LS80 112 146.66
Cu 90 216.25 160.0 95 148 235.00
Fb 18.79 26445 19.16 10 25 18.33
Cr 5 60 196,06 " 415 282 639,33
Mn 375 183745 3333.35 "S00K 4200 4333.33
Ti 2000 3825 4000 3000 3860 1566.66
v L% %5 237,5 308.33 200 824 166.66
ir 350 207.5 1233311100 201 26.66
Ba 5675 675 133.41 2000 260 66.66
Mo 0.85 .53 0.48 05§ (Y 0.5
1. Biotite Granite 3. Diorite 5. Olivine Basalt
Z. Quartz Diorite 4, Gabbro 6. Pyroxenite
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The granites have an almost constant composition except for
K, which shows a rather hizh variation. In the variation diagrams
the granites are plotted with large chemical gap after quartz
diorite. The chemical data are in agreement with the derivation
of the granite from basic rocks involving separation of mafic
minerals, plagioclases and apatite. The presence of chemical
gap in magmatic series has been demonstrated by Williams and
McBIrney (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 probable origin of the rocks from
one parent magma through fractional crystallization. The liquid
line of descent shows a linked variation which are consistent with
cogenctic 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 composition with the Gabbroic - dioritic rocks.

When plotted on alkali-silica diagram they show a transitional
characteristic (Fig. 42). Their similarity in chemical composi-
tion could give a primary clue, that the vounger basalt and the

older plutonic rocks could have emplaced in the same tectonic

environment.




From the trace elements determined; Ni, Co, Cu and P were
plot variation diagrams against SiOZ.
The Ni and Co contents are very high in the basic range

when compared to the low content of them in the granits.

The high content of nickel drops very sharply (Fig. 43) from
GCabbroic to intermediate rocks and continues to fall with a very
gentle slope from the intermediate ranpe to the acidic rocks.
Cobalt as that of Nickel decrease but not as sharp as the latter
one (Fig. 44). The very sharp decrease of nickel at early stage
is due to the fractionation of olivine from the magma. It is

sharper than cobalt due to its higher value of fractionation

coefficient, k, which is defined as

"Pm in solid 00 = 50
K I“m in solid = Lpore KOI>§ 1

PPm 1in l1iquid N1 co
K = fractionation coefficient

olivine

®]
-
n

The negative correlation of both Ni and Co with SiO2 are in agpree-

ment with the previous proposition of the derivation of the rocks

o

tallizatio

7]

by fractional CTY

Cu and Pb do not show any regular variation. Their content

diate rocks.

is highly variable especially in the basic and interme
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» 2 Triangular Variation Diagrams

These are diagrams showing the simultaneous relative

variation of three hemical parameters, and are widely and

usefully employed in comparative studies of rock suites.

Two triangular diagrams are constructed for the nlutonic

and effusive rocks. The selected parameters are Na,0+K,0,

2 2

chogt, MgO and CaO.
Fo.

i) AFM Diagram: plotted by using NaZO+K20,
Fezos"‘ , and MgO (Fig. 47)
t

P

ii) ACF Diagram: erected by Na,O+K20, Fezos,

and Ca0 (Fig. 48).

Both the diagrams clearly show the prevailing chemical
gap among the granitic and basic rocks. The AFM diagram, where
it is employed for defferentiating tholeiitic and calcalkaline
series show that the rocks are transitional in composition between
the tholeiitic and alkaline rocks. This result is typically the
same with the alkali-silica binary variation diagram (Fig. 42).
The following conclusions can be drawn from the study of the
variation diagrams.

a

1. The different series of intrusive rocks appear to have a
probable comagmatic origin and are formed by crystal frac-

tion from a basic magma. All plot in a liquid line of descent.

o . . n -1 = at-
€. Mafic winerals, plagioclase, and apatite are the main Separ:

. " f the
ing phases during fractionation. The sharp decrease of t

III..I......IIIIIIIIlllllllIIlIlIIIlllllllllllll..IIIIIIIIIIIIIIIIIIIIIIIIII
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content is due tc separation of olivine at early

Qi cke ].

stage; followed by change of slope where the fractionation

might be continued by pyroxenes and amphibole.

. Though the young bsalt 1s genetically different from the
nlutonic rocks, its similarity in most of the oxide compo-
sitions could indicate a probable resemblance of the original

magmatic mate rial of the plutonic rocks with the basalts and
their generation in the same type of tectonic environment.

4, The alkali-silica, AFMY and ACF variation diagrams prefer-
entially indicate transitional composition betwsen tholeiitic

This fact is also substantiated by the

and alkaline

presence of orthcnyroxenes within .the basalts.

5.5 Chemical Comparison of the Residual Limonitic Laterite and
the Rasalts

Field occurrences, their features and relationships are

discussed under 2.2.4. As it has been explained, the limonitic

nyS

laterite is a residual nroduct of the weathering of the young

tertiary basalts. Their rect relationshin has been given 1n

t % .
the sketch of Fic. 12 as observed at south of Andu Village.

Ul

i 2 . ) S 7Y
Their chemical comparison is given in Table 19 and 20. The

Values of the total alyzed for both the basalts and

[97]

amples an

s given in Table 13, 14,

linonitic lateri 15 and 16.

peds

tes
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TABLF 19: Average Chemical Compositions (Oxides, wt %)
Fa “ _.\,.19 )

0

of residual limonitic laterites and basalts

-l
NI

510, 4642 15
L

Ma., 0 2.38 0.1 |

5
.
J
<
e
[y
-
°
(al
-—

e
-
=
i
o

.

N

—
et
o
(931
~J

t ot al 100.5 100,24
ia) 7
— . 3 ]

i
1}

Basalt
limonitic laterite

2 =

n = Number cf samnles

ek

Residual




TABLE 20: Average values of trace element contents in

ppm of residual limonitic laterites and basalts

Flement
in ppm 1 ¢
Co 48 42.85
Ni 112 52.85
Cu 148 89.28
Pb 25 59.28
Cr 282 71.14
Mn 4200 1271.43
Ti 3860 2385.71
v 824 26.00
Lr 203 75.71
Ba 260 3
Mo 1.20 : 1.14
n g 4
1 = Baszalt
2 = Residual limonitic laterite
n = Number of samples
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Thete 1§ ide hemices a2 X
fhere is a wilce chemical variation between the unalterned

basalt and limonitic laterite in alrost all the oxides and tr
2 oxides a ace
element values. The variation is more nrronounced especially in

their contents of

a) SiC,: It is about 45% in the basalts and 15% in the
limonitic Iaterites, indicating excessive leaching of €i0, from

the original rock.

s T . L
b) L"’Z"”.‘;’ :  The total iron content of the limonitic lateri-

tes is by far preater than in basalts. There is a peneral
enrichment in the iron content during the leaching and decomno-
a s

ki

sition of the ba

wn

¢) Oxides of Alkali and Alkali Farth Flements: There is

excessive loss of these oxides, namelv Ca0, MgO, ,‘\J:'Z() and K,0

et

during th aterilization process. Their value is higher in the

undecompesed fresh rock.

d) F,0 and L.0.I.: The water content of the residual
material is much greater than the fresh basalt. This is due to
the formation of the limonites which are hydroxides of iron and

require the nresence of water for their formation.

| G 1 s (1 k 1 SO
e ) I'hc 11(72 content of the fresh unweathered rock 1S al

= - L . . b Y (]”
freater in value than the laterites. The same is truc for P)0g
but not that much magnified as comnared to the other oxi le

" ~c1d l
Y T : s rr it t between residua
£) There is no difference in Al,0; content

linenitic laterites and fresh basalts.

IR
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The trace element geochemistry show also some variations

specially in their contents of Hi, Cr, Mn, Ti, V, 2r. and Ba
’ . .

There is a general depletion of these trace elements in the

residual limonitic material when compared with the undecomposed

rocks .

2 oy
2+ Fey0g:

Ca0 + MgC, as selected parameters to show their difference in

A variation diagrar was made by using Si0 Fe
compositicn prior and after decomposition of the basalts -

(Fig. 49). As it is clearly seen from the diagram there is an
excessive loss of SiOz, Ca0, and MgO during the lateritization
process, while on the contrary it can be seen that there is a

tremendous enrichment of }?.'5703t°

5.6. Geochemistry of the Iron Bearing Horizon

5.6.1 Introduction

Major and trace element analyses for the representative

samples of the iron formation were carried out. An account of

the analytical work is given under 5.2 and 5.3. Based on Ceo-

chemical data, an interpretation is given for:

a) the source of iron and silica,

b) genetic relationships among the recopnized 11thpumpes,

¢) the probable environment of the depositional Bt

- . renches, at
lwenty six sammnles were collected from three t ’

etite-
Ch’lgoy where some of the samples are from lenses of magnet
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hematite ore, while the others are from the sq called ferruginous
quartzites. Two samples were taken from the detriatal floats of
iron, at Werekalu. All were analyzed for both major and trace

element contents.

5.6.2 Major Ilement Geochemistry

The content for the major clements in twenty six samples of
Chago iron formation are presented in Tables 21, 22, and 23.
Table 25, pives the range and mean values for each sampled trench,
whiile the over all range and mean value is given in Table 26. The
average major clement values for oxide facies Banded iron forma-
tion ¢f the Lake Superior and Alpoma type, average for Orisa BIF
(India), interlayered tuff from Orisa, and average for Brockman
iron formation from Hamersley basin of Western Australia are also
provided for comparison in Table 27. These data emphasizes the
Feochemical similarities and differences among various sedimentary
and velcanic environments. Absence of carbonate, silicate and
sulphide minerals in the Chago iron formation is clearly reflected
in the chemical analyses by complete absence of €0, and S, and by
the low values of SiOZ, Ca0 and MpO.

The chemical data agrees with the petrographic study performed

on both thin and polished sections. There is only one notable

Xception for samnle 29, near Chapo which exhibits banding of

i . - 3 a-
lron together with barite znd quartz. This samnle within a loc

i . hides.
lized portion of its barite, there is some occurrence of sulp




TABLE 2J: Major Element Contents of Magnetite-hematite Lenses from Trench - 2
Field
No. Sio A120 FeZO3 Fe0 Fe203 Ca0  Mg0 Na,0 K,0 H20 L.0.I MnO TiO2 P20S
T-1 4.0 3.5 79.71 11.79 91.50 0.2. €0.1 0.2 sl 2o 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 50,2, <0.1 g 0.68 7 0,23
3 3.0 1.5 75.49 17.51 93,00 0.8 40,1 D5l . . =0:1.. 0.2 . D.4 <0.1. 0.12 0,16
4 4.0 Rk 81.17 11.62 92.79 0.1 <0.1 0.2 B0t 0.2 0.4 <0.1 0.10 0.16
5 3.0 é.l 84.26 5.8 90.06 2.4 0.2 <0.1 \ <0.1 .0.4 243 <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 90.1 578 95.90 0.8, A2 A0 . =28.1 Q0.2 .3 5<0.1 - 0.04 0.01
8 4.6 2.2 75.93 10,03 85796 0.6. <0.1 <0.1 <0.1 .2 Bi5 <0.1 0.06 0.15
9 2,0 1s2 89.42 5.28 94.70 0.1 <0.1 <0.1 <o0.1 LS 24 <0.1 0.06 0.05
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TABLE fl: Major Element Contents of Fegwginoss Quartzites from Trench - 3

Field

No. SiO2 A1203 Fezos Fe0 Fe203 Ca0 Mg0 Nazo K,0 H,0  L.0.I. Mo Tioz ons

TS'I 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 2.5 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 49.0% 0.44 49.46 = <0.1. <0.1 <0.1 . <0.1 1.3 8.2 <0.1 0.5 0.35
5 8.0 4.8 1.2 0.6 77.85 0,3 <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 o0.21
Z 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 71.49 0.1 <0.1 <0.1 <0.1 0.7 4.9 0.2 0.28 0.09
10 28.0 155 44.58 0.17 44.75 0.7 "0:.8 <0l 0.8 1.1 7.6 <0.1 0.80 0.04
11 21.0 2D 56.3 0.6 56.90 0.3 0.3 <0.1 09 2.0 9.9  <0.1 0.38 0.22
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TABLEZ23 : Major Element Contents of the Iron Bearing Horizon from Trench - 4
Field t
No. i i
o Si0 A120 Fe203 FeO Fe203 Ca0  Mg0 NaZO KZO H20 L.0.I. Mn0 'I‘102 P2OS
T4-1 6.0 332 73.32 16.54 89.86 0.1, 9.1 . ©.1 0.1 0.3 0.3 <0.1 0.08 0.14
2 7.0 1.6 82.52 7.56 90.08 1 P (R + 16 I s 7 | 2.1 0.4 1,1 <0.1 0.10 0.08
3 8.0 Sy 71.91 123 84.21 0.2 ;1 .1 0.1 0.5 1.9 0.4 0.12 0.27
4 10.0 3.0 76.54 7.39 83.93 0;1° 02" 0.1 . 0.1 0.5 1.6 <0.1 0.14 0.08
5 7.0 3.2 77.19 9.15 86.34 0.2 0.2 - @0.1 .01 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
TABLEZ24 : Major Element Contents of Magnetite:liematite 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 Shuid n.d n.d 85.22 = <0.1 0.2 0.1 <1 0.6 2.1 0.1 0.23 0.33

n.d = not determined.
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TABLEZ2S : Range and Average Chemical Compositions (0 xides, wt%) of the Iron Bearing Trench
Samples of Chago and Limonitic Laterites
» T, Ty T Liseaitic
ement

1 2 1 2 1 2 1 2
SiOz 1-4 2,95 8-26 19.5 4-10 7 11-19 19
A1203 0.7-3.5 2.7 4.4-16.8 10.76 1.6+3.5 3 10.1-20.3 13.91
Fe203 73.66-94 .76 82,72 43.97-77.25 57.14 71.91-82.52 76.33 n.d n.d
FeO 2.2-20.24 10.03 <0.09-11 1.6 7.56-16.54 1%.2 n.d n.d
Fe203t 85.96-96.96 92.75 44.32-80.43 58.73 83.93-90.75 87.52  41.18-60.8 54,71

' |

Ca0 0.1-2.4 0.66  <0.1 - 0.7 0.34 <0.1 - 0.2 0.15 0.1 - 1.8 0.47
Mg0 . <071-072 ; .12 . <p.1 - 0.3 0.15 <0.1 - 0.2 0.11 0.2 - 2,2 0.54
Na20 <0.1-0.2 10.12 <0.1 - 0.1 <0.1 <0.1 - 0.1 . <3 <0.1 - 0.2 0.08
K20 <O,1-0.1 <0.08 <0.1 - 0.9 0.24.  <0.1 - 0.1 <0.1 <0.1 - 0.2 0.07
H20 . <0.2-0.4 0.36 0.3 - 2 1,31 0.3 - 0.6 0.45 0.3 - 1.9 1.54
L:0.1. . <0.315.5 1.57 2.3~ 12.2 7.53 0.3 - 1.9 1.25 7.6 -13.6 11.37
MnoO . <0.1-0.2 0.11 0.1 -1.7 0.28 <0.1 - 0.4 0.15 . <0.1 = 0.5 0.14
TiO2 0.03-0.64 0.14 0.2 - 1.72 0.43 0.06-0.14 0.1 1.5 -2.41 1.92
P205 0.01-0.23 0.11 0.04-0.35 0.78 0.08-0.27 0.13 0.2 - 0.87 0.45

n.d = not determined, 1. Range of values, 2. Average values.
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TABLE 26 : Range and Average Chemjcal Compositions (Oxides,wt$)

of all the Trench Iron Bearing Samples, |

Elements Range Average

sio, 1-26 10.9

A1,0, 0.7-16.8 5.83

Fe203 43.97-94.76 70.42 (
Fe0 <0.09-20.24 6.74

Fe,0,° 44.32.96.96 77.15

Ca0 il - 2.0 0.4

MgO0 <0.1 - 0.3 0.13

Na, 0 <0.1 - 0.9 0.1 ,
K,0 Dl ~ 0.8 0.16

H,0 <0.2 - 2.0 0.78

L.0.1. 0.1 1252 4.02 !
Mn 0 <0.1 - 1.7 0.2 |
Tio, 0.03-"1.72 0.31 |
PO 0.01- 0.35 0.15
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TABLEZ7: Major Element Contents of Iron-formation of Chago-Werekalu, Wellega
and Lake Superior and Algoma Type Oxide Facies BIF of Canada and

Others
1 2 3 4 5 6 7 8
Si()2 1-26 10.9 47.20 50.50 47.02 30.04 46.86 47.57
/\1703 0.7-16.8 5.83 1.39 3.00 0.70 26.83 0.48 0.08

Fe,0 43.97-94.76 70.42 35.40 26.90 44.16 n.d 24,68 27.01
FeO . <0.09-20.24 6.74 8.20 13.00 8.28 n.d 17.19 14.47

FcZng 44.32-96.96 77.15 44,50 41,10 50.00 29.02 43.65 43.00

s
=
=
(=]
A

0.1 - 1.7 0.2 0,73 0.22 0.06 .0.60 ..n.d n.d
Ca0 < 0.1 - 2.4 0.4 1.58 1.51  0.17 0.42 1.49 2.17
Mg0 < 0.1 - 0.3 Bl M2 1.53 0.13 0.09  2.58 2.47
Na,0 < 0.1 - 0.2 0.10 0.12 _ 0,31 0.10 0.01 0.16 0.23

K,0 < 0.1 - 0.9 0.16 0.14 0.58 0.13 0.14 0.10 0.16

t

HZO < 0.2 - 2.0 0.78 1.30 1.10 1.94 10.44 0.57 0.56
P,0g 0.01- 0.35 0.15 0.06 0.21 0.07 n.d 0.25 0.22
co, - - 3.00 1.10 - nd. 5.81 4.99
S - - 0.02  0.29 - n.d \ v

- - d 0.07
FeS, n.d n.d - - - s
n.d = not determined; t = total : b ,
1. Range ~ of major element contents from Chago-h_erelfalu }rzzzgg;":azgg
2. Average of major element contents from Chago—herekgég ir
3. Average Lake Superior oxide facies BIF 0 (Grossézé)
4. Average Algoma oxide facies BIF O Table 3, p. < el o 230,
5. Average Orisa BIF, India 0 (Majumder, et.al., 1982, ’
6. Interlayered tuff fromorisa : ' )
7§ 8. Brozkman Iron-formation, Hamersley basin, Western Australia

134.

(Trendal and Blockley, 1970, Table 11, p.
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TABLEZ28: Major Element Contents of Quartz-chlorite SericiteSthist (We %)

F;:fd S10,  A1,00 Fe,0.° Ca0  Mgo Naj0 K0  HO L.0.I. M0  TiO, P,0,

A-2a 57.0  20.7 10.15 EE 1.9 0.3 5 . <0l 1 a3
22 56.0  18.2 13.44 DX Bl 05 L 0.% 5.3 0.1 1.82 .38
S51b 61.0 15.9 12,08 <0.1 1.0 0.8 16 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 .<0.1 230 0.1
53 54.0 19.1 12.72 0.2 2.4 s 3.1 0.4 5.4 <0.1 1.51 0.10
81 60.0  16.4 12.0 Relsi 1.5 .08 2.5 B8 5.0 <0.1 1.85 0.2

TABLE29 : Major Element Contents of Lithic-Arenite (Wt %)

A-3  60.0 19.8 9.58 0.1 e84 .1a 2.0 0.7 5.2 . <0.1 1,70 .07
20 60.0 18.4 10.49 0.5 1.6 0% 1.6 0.4 4.6 0.2 1.86 0.04
73 S8.0 17.3 13.08 0.7 0.3 0.4 0.8 1.2 7.0 . <0.1  1.40 Q.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 1.2 “o.4 5.2 <0.1 1.32 o0.10
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TABLE 30: Range and average chenical compositions
(Oxide, wt %) of the uartz-muscovite -
sericite - schist

Element Range Average
SiOz 54 -63 58.5
AlZO3 14.2 -20.7 "R
t
FeZO3 10.15-13,44 11.91
Ca0 <0.1 - 0.3 0.14
MgO 0.4 - 2.4 1.28
NaZO 0.5 - 1.1 0.72
KéO 1.1 - 3.1 1.92
HZO 0.2 - 0.5 0.38
L.O. 1. 4.9 - 5.4 5:13
MnO <0l -~ 0.1 <0.1
TiO2 1.51- 2.2 1.82
.08~ 0,38 0.18
pzo5 0.08 3
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TABLE 31: Range and average chemical compositions

(Oxide wt %) of the lithic arenaites |

Flement Range Average e

Sio, 56 -~60 58.1

! O 2 (
A12’3 17 382 o1 19.58

Fe,0,t 9.44-11.79 10.87

2 3

Cal Ol =057 0.34
MgO 0.3 - 1.6 i e b 1
NaZO 0.4 = 2.1 1.02 |
‘08 . Z 1 1:‘5

‘ZO ( i\
K0 0.3 - 1.2 0.6 |

2 |
Lvalls 4 4.0 - i 5.42

i

MnO "l 0k T T €12 |
TiO7 1,32 = & 1.6¢

P,0¢ 0.04 - 0.38 0.15
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However, such striking features are discussed in Chapter 2

under 2.2.5.1.

At first glance, data from Table 26, points out that the
range of variation differs for the different oxides. The general
nattern observed is that SiOZ, A1203, FeO and FZOS contents show

wider variations than Ca0, MgO, Nazo, FZO, MnO and TiO2 contents,

In order to shed light both on the age and type of the Chago
iron formation, a viable approach is to compare the chemical data
obtained with those different iron formations which are reported

in literatures.
As published by Cross, ct.al. (1980) the KZO, AIZOS’ NaZO
and P,0, in Algoma oxide facies BIF are at least twice as much

273
as in the Lake Superior oxide facies.

Table 32, 33, and 34 whow the comparison of these oxides of
Algoma and Superior type EIF with that of Chago iron formation

(the different trench samples are used).

TABLE 32: Comparison with Trench-2 Samples

Flement Chago Surerior Algoma
‘. 1.399 3.00
A1203 1.7
KZO 0.08 0.14 0.58
NaZO 0.12 0.12 0.31
: .11 0.06 0.21
P,0¢ 0




it is observed that the averagec values for A1,05, Na,0, and P,0,

o

of Algoma oxide facies is two fold higher than the Chago iron
formation, and that the K,C value for Alpoma is about seven-fold

exccaeding from Chago formation. While the average values for

<

A1.0 K,0, Na,O and P,0. of Superior BIF are more or less simi-

%9 ? 5

2 D 2
lar with the Chago iron formation

TABLE 33: Comparison with Trench-3 Samples

Element Chago Superior __Algoma oy

AlZOE 10.76 1.39 3.00

FZO 0.24 0.14 0.58

Na,0 0.1 0.12 0.31

P 0.1%9 0.06 0.21
F20s |
The table points out that in Algoma oxide facies, FZO and L
samples H

Na.O are two and three-fold enriched compared to trench-3
L
respectively; while P,0. contents do not show any significant

difference. The reverse occurs for AIZOS' which is three-fold |

' 1 ; A 1k »sting that » latter
enriched in Chago samples; thus likely suggesting that the 1

: s OME inosilicate minerals.
samples could contain some amount of aluminosilica 1

! : snch-3 samples are similar
ZO and haZO content of the Chago trench ples ar

The X

- . o il e b da de s | ). and P,0. content
with the superior BIF type€; whereas the AlZLD na P,Ug

yrea » tha >
of the former samples are ten and three-fold greater than the

contents of the latter resnectively.

listed in Table 34.

Data for the samples from Trench-4 are
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TARLLI 34: Comparison with Trench-4 Samples

Element Chago Superior Algoma
Al,04 3.0 1.39 3.0
KZO 0.1 0.14 0.58
NaZO 0.1 0.12 0.31
1205 0.13 0.06 0.21

As displayed by the above set of data it can be observed
that the oxide contents for Algoma BIF facies exceeds those
shown by trench-4 samples. AlZOS contents, however, are quite
comparable for both localities. The FZO and ano values of
trench-4 samples are also 1less than the superior oxide facies;

whereas the A]ZO3 and PZOS contents of Chago (Trench-4) Iron

formation exceed that of the superior BIF. Inspite of the exist-

ing difference in values, the oxide contents of FJO, NaZO and

P.0. of Chago is closer to the Superior type than the Algoma

275

oxide facies.

It is worthy to note that 211 samples from Chago are at least

two-fold Fe-enriched when compared with Banded iron formations

reported in Table 27. At Chago, Si0, content is very low. Such

: : A
feature is more evident for the magnetite-hematite lenses. 7

Si0.,

review of the published data reveals that in Chago samples,

2 g . 14 3 a-
is about five-fold denleted than the classical Banded 1ron forma

tions.
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A]ZOS content of Chago samples is rather high, especially
those ccllected from trench-3. Fere the samples are constituted

by ferruginous sediments which are richer in clayey material than
the magnetite-hematite lenses. The samples from trench-2
(magnetite-hematite lenses) are quite comparable in their Al1,0,

& 9

content, with the Superior oxide facies BIF.

and MgQ contents are hipghly depleted in the iron ore of

()

-
ca

Chago as compared with other BIF. Such a feature is a reliable

indication that the iron formation of Chago is carbonate facies-

free.

The value of the three components AlvOg' Fe,04, and Si0, of

&

Chago iron formation when plotted in the Govett's triangular

diagram (1966, Fig. 50) lie outside the field of the precambrian

Banded iron formation (Fig. 51). Such a behavior is due to its
extreme low silica and high Fe,0; content. The field occupied
by the Chago iron formation is similar to that of Oolitic Pre-

cambrian and post Precambrian iron formations and non Oolitic
post Precambrian iron formation (Fig. 50, 51). Except for the

existence of some undifferentiated biospheroids, the question

. - 1 > smnavenkis @ Av
of Oolitic iron formation is ruled out by petrographic stucdy.

The problem of the iron formation being Precambrian or post Pre-

] et aEkhaw £ oTS
cambrian is attempted to be soived by considering othel factors.

comnarison between the

Lepp and Goldich (1964) have given a
; . b d o set+ Precambrian 110
chemical composition of Precambriar and post ITre riail n

formations (Table 35). ’
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Aty Oy

Si0g
variation in A1203 Squ Fee O3
Fig. 50
& Banded iron formation o b
@ Ooplitic iron formation recambrian

@ Non Oblitic iron formation
o Oblitic iron formation
® Recent loke end bog iron formotion

Post - Precambrion

A Laterite ond bouxite
Sedimentary rocks and recent sedemants

A
/",]Bonded iron formation tisld of composition
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§ TABLE 35: Comparison of the Chemical Composition of Precanbrian

and Fost-precarbrian Iron-formation

Precarbrian Fost-Precambrian
Average Range No.Sample Average Range  No.Samnle

Total Fe 27.8  17.1-44.2 158 29.0  15.2-47.9 118
5i0, 42.9  7.3:64.6 158 129 4.5-55.7 100
AL,0, 1.6  0.03-13.93  1:§ 6.1  0.24-16.8 100
Ca0 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
MO vio “Lip, ot5. 06 108 0.34  0,02-1.80 &7
PO, 0.26  0,03-4.02 87 0.86 0.14-2.20 86
1i0, 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
Co, 8.1 0.10-31.56 143 17.8. 1.50-30.52 ' §
H,0" 2.5  0.05-9.29 97 4.7  0,26e15.1 23

Low contents of A1203, TiOZ, FEOS and CaO characterize the Precambrian
iron formation compared to the relatively larpe amount of these
constituents in the post Precambrian iron bearing sediments.

As a whole the Precambrian iron formations are characterized by
their high content of silica. Chert and quartz are the chief
is 43% as

gangue constituents, and the average content of SiOz

opposed to an average of 13% for the younpger iron formation.

In its silica content the Chago iron formation shows close
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rroximity to the post Precambrian iron formation I'h 05t
striking chemical difference between Frecambrian a 0ost Pre-
cambrian iron formation is in CaO content, that for the former

formation averaging 1.5% while in contrast 14% for the latter
formation. Hence, owing to the Ca0 content of Chago iron forma-

tion (0.4%) a Precambrian age can be inffered.

Lepn and Goldich (1964) reported the distribution of silica

and the great difference in Ca0 contents of Precambrian and post

i+
‘

Precamberian iron formation (Fig. 52). The author has plotted
the percent of 5102 and Ca0 + Mp0O apainst nercent of total samnle
(Fig. 53).

Further important differences between Precambrian and Younger

iron formations are the low Al,0. and P,0. contents that chara
/ - L

terize the older iron formation. The average Al, U4 content for

the Precambrian iron formation is 1.6%, whereas for the nost Pre

6.1% The overall average Al,05 content for Chago

cambrian is % o

s Yof formation is about 6% . This H,mrw is quite comparable with

post Precambrian iron formation. By considering the average ”13”:

content for the magnetite-hematite lenses from Chago (73'<”m”1““"

of the Precam-

the value, (1.7%) is in stromng agrecment with that
brian iron formation (Table 32).
The P.0. content for Precambrian iron formations is low averagr
[ 20¢ :

i )y 28 rera ralt 0.86% for post Precamb-
ing 0.26% compared to the average value of 0.3¢ or S C

i1ron

o R — atls D 0O . 51 for the 1h 00
rian formations. The averags P,Ug content 101

L
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formation is 0.15%, thus close to the average value of the Pre-
cambrizan iron formation. Further-more the value of the three
components of total Fe, CaO+MgC and SiO2 of Chago when plotted
in the Lepp and Goldich triangular diagram (Fig. 54) they lie
outside the field of both Precambrian and post Precambrian iron
formations. Put they show a more or less close proximity to the

Frecambrian circle (Fig. 55).

Anart from the above menticned termary diagrams, using some
of the major oxides and tracc elements the author has made various
triangular variation diagrams in order to broaden the argument of
detcrmining the age and type of the Chago iron formation. Together
with the Chago and various BIF, the residual limonitic laterite
which has been discussed under 2.2.4.2 was plotted in order to get

various indications it could possibly offer.

a) PZOS-NaZO-KZO diagram: The plottes are dispersed with
some degree of alignment above the 45% PZOS content (Fig. 56).
The average value of the Algoma, Superior and Orissa Banded iron
formations lie within 25-15% of FZOS, 40-55% KZO and 25-~40% NaZO.
On the other hand the average value of Chapo and the two avail-
able data for the Brockman iron formation from Hamersley basin of
Western Australia fall within 35-50% of P,0., 20-30% K,0 and 30-40%
Na,0. The graph points out a strong similarity between the Chago
and Brockman iron formations with respect to the mentioned para-

The difference in contents of these oxides of Chago and
0

meters.

the other Banded iron formation is not wide, specially the Na,

content.
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The residua i itic lateri exhibit F: '
_ al limonitic laterite exhibits lower \uZO and kzﬁ
and higher FZOS content with respect to the iron formations.

b) Al,0;- P,0; - Ca0 diagram: The various average plottes

used, the Chago iron formation, and the points of the residual
limonitic laterite cluster along the line AIZOS' Ca0, thus clearly
indicating a low IZOS content (Fig. 57). Both the Precambrian

and post Precambrian iron formations plotted are denleted in I’Z()S

while the average value for Ca0 of post Precambrian and Brockman

iron formations is very high compared to the Chago iron formation.

The average value for Al,04, CaO and FZOS of the Chago iron

formation is very similar with that of Orissa Banded iron forma-

tion, which from a chemical stand noint resembles in many aspects

the superior banded iron formation (Majumder, et.al., 1982).

The residual limonitic laterite appears to be analogous to

Chago formation which is high in A1203 and very low in PZO5 and

Ca0 (Fig. 57).
c) Ca0-"B.0 ~-Ti02 diagram: Fere the noints are clustered

2.9
around the central part of the graph with a preferential concen-

tration towards the TiO, side (Fig. 58).

Precambrian iron formation is quite

The O. content of the

i
comparable to that shown by the average value
values of Ca0 and TiO,

of the Chago iron

formation. Though not diagnostic the

approach the Precambrian iron formation than the post Precambrian

iron formation.

_'
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The residual limonitic laterite apnears to be TiO7-(mridnﬁ.

Its PZOLj content is similar to that of the iron formations..

ZCS o Tl\/2

clustered within 90 - 95% Al1,0

d) A1703— P diagram: Almost all the plottes are

3 and 5% of F205 and Tj02 (Fip. 59).

The diagram is not diagnostic to show variations among the

different iron formations.

5.6.2.1 C€a0/MgO ratio: Lepp and Goldich (1964) have used the

Ca0/Mg0O ratios to differentiate the iron formations from different

& 2S y ' . . .
ape TABLF 36: CaO/Mg0O ratios for iron formations
of different ages

(:l()/x "‘U(‘,‘

/i hgR (average) Ran ge No,Samples
Precambrian 0.5¢ 0.008-2.,06 26
Paleozoic 8.0 0.03-19.1 20
Mesozoic 3 . 8 0.62-47.0 28

TABLE 37: Ca0O/Mg0C ratios for iron formations
of Chapgo and Werekalu

Ca0/Mg0
Area (average) Range No.Sample
Chago 3.02 1-12 26
{ 7
Werekalu 0. 0.25-1

From Tables 36 and 37, it is apparent that the average 'Ca0/Mg0

that of Precambrian

1re more similar to

ratios for Chago and Werekalu
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ition than Paleozoic and Mesozoic iron formations.

5.6.%2 Trzce Flement Geochemistry

e trace element contents in twenty six samples of Chago

iron formation are shown in Table 38, 39, and 40. The range and

average contents for each trench samples are piven in Table Bk

and the overall range and mean values for all the trenches are

given in Table i3. Comparative range of trace element geochemistry

of BIF from different narts of the world are presented in Table 44
along with Chago jron formation.

As shown by Taylor (1965) the entry of trace elements in

mineral structures is governed not only by temperature and presurc;

but is also influenced by the geochemical environment. Therefore,

presence OT deficiency of some of the trace elements in the Banded

iron formation and in associated rocks may be a »nlinble basis to

interpret the physico-chemical conditions of the depositional basin

and to predict the probable source of materials.

some of the trace elements show wide variations, among which

Co, Cu, Mn, Ti and V can be sited: while Ba, Cr, Ni, and Zr show a

narrow range and low value.

The average content of Ni in igneous rocks is 80 to 200 oom.

is revealed from Teble 43 that in

(Rosler and Lange, Y9723 .. 1t

the Chago iron formation, Ni is much below the clarke value for

£ 3 s o3 The ccepti .« the anomalous Ni
rocks of ignecus 0r1gln. The only exception 1S e anomalc

+2

-hematite lenses, where Ni

gnet ite

content of some of the ma
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TABLE 38 : Trace Element Contents in PPm of Magnetite Hematite Lenses

from Trench - 2

Field
No. Co Ni Cu Pb Cr Mn Ti v r Ba Mo
T2-1 120 40 220 30 - 2000 1000 30 30 - 2
2 70 50 240 20 - 700 700 50 5 - 0.5
3 85 45 220 20 - n.d n.d n.d 5 - n.d
4 40 50 90 20 - 200 200 200 - - 0.5
5 55 100 190 30 - n.d n.d n.d - - n.d
6 55 80 185 20 - n.d n.d n.d 5 - n.d
{ 60 75 140 20 - 100 20 20 - - -
8 185 70 1520 30 - RN OF ait el -
9 65 30 480 30 - 150 100 100 5 - 0.5

n.d = not determined.
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TABLE39 : Trace Element Contents in PPm of the Ferrugimous Quartzites

from Trench - 3

Field

No. Co Ni Cu Pb Cr Mn Ti VvV 2r Mo

T,-1 90 56 680 30 30 2000 1000 S0 20 1
2 60 40 680 30 7 500 1000 30 5 1
3 95" 40'“1480 " 35 nANTR R B AN, n.d
4750 "7 30520 ™ 30 3 70 100 20 5 2
5 10 ‘ 45 600 35 - WF200 " ¥ 200" " 3 - 0.5
gt 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 " 30 680 40 30 150 300 50 5 2
1120 30 1320 30 20 500 200 30 10 1

n.dlz not determined.
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Field
No. Co Ni Cu Pb Cr Mn Ti V Zr Ba Ma
Tohi, 700040 606 20888 7000 yoieae 3% 35, Yo.y
2 65 30 365 25 R 8. Snd0aE 8 - n.d
3., 1200, 30 720 i« 30 ~ 2000 .1I720050 30 59,5 'Yo.%
4 120 40 350 30 10 200 150 50 10 - 0.5
5 225 50. 430 30 - nd- nd 'nd 30 - 1
6 155 40 560 20 18 300 50 30 30 - 1

TABLE4!: Trace

52a 50

52b 80

Element Contents in PPm of Magnetite-hematite

120 560

65 1000

n.d = not determined.

55

40

100

500

2000 10

500 10

10

Ore from Werekalu
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TABLE:42: Range and Average Values of Trace Elements Contents in PPm of
the Iron Bearing Tranch Samples and Limenjtic Laterites
e ™2 T J Laterite
1 2 1 2 1 74 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
Pb 20-30 24 .44 20-40 32.27 20-30 275 40-115 59.28
Cr - - 0-30 8.72 0-15 4.16 0-200 71.14
Mn 70-2000 536,66 7-5000 957 200-2000 800 100-5000 1271.43
Ti 20-1000 345 100-1000 470 50-200 117.5 700-5000 2385.71
v 20-200 75 5-50 315 20-50 379 7-30 26
Zr 5-30 5.55 0-20 10,5 5=30 22,5 10-200 75.71
Ba - - - - 0-0.5 0.12 - -
Mo 0-2 0.58 0.5-150 16.05 0.5-1 0.8 0-2 1.14

1. Range of values

2. Average Values



contents in r=m of all the trench iron bearing

amples

Cu )0=1520 500

Fb 20=-40 28.46
Cr Y- 30 }.65
Mn ( O0( 303

\/ N B ‘_l\‘\ l ',7
lr ( 10, 3¢
BRa 1§ 5 0.03
0-150




TABLE44 : Average Trace Element Content in PPm of Iron-formation

131

Chogo-Werekalu 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 15 10-20 <20 20.5
Sr n.d n.d 98 42 15 1000 < 30 -
Ta 20-1000 362 860 160 40 - - 216.6
| A 5-200 45.75 97 30 30 3-5 - 35
ir 0-30 10.38 84 56 <10 10 <30 17.3

. <= less than..
range of trace element content in chago-werekalu iron froma tion.

1
2
[
4
s
6.
g
8
8

average trace element content in chago-werekalu iron fromation.
algoma facies oxide iron-formation,

Lake Superior facies oxide iron-formation

Oxide facies BIF from Orissa.
BIF of volcano-sedimentary origin of USSR (Alexandrov, 1973).

Banded quartz-magnetite rock from Paakko iron-formation of Finland

(.Grossetal, 1980.

Table 3.)

(Laajoki and Saikkonen, 1977, Table 14, No. 1).
Itabarite from Minas Gerais, Brazil (Eichler, 1976, p. 186.)
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TABLE4S : Trace Element Contents in PPm of Quartz-Chlorite-sericite SChist

Fiéld
No. Co Ni Cu Pb Cr Ma i \ ir 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

51b 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

TABLE45: 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
7S 20 40 155 20 200 2000 7000 50 500 300 0.7

26 15 70 40 20 200 500 1% 500 500 500 |

35 20 70 155 20 300 200 3000 300 200 2000 0.5
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TABLE 47: Range and average values of trace element
contents in ppm of the Quartz - Muscovite -

Sericite Schiist

Element Range Average
Co 15.50 27 .0
Ni 45-130 69.17
Cu 95-210 142.5
Fb 20-30 22:5
Cr 10-1000 285
Mn 100~-70G00 1955-353
Ti 3000~1% 5166-66
\Y 30-300 221.66
Zr 70-700 361.66
Ba 0=7000 1483.33

Mo (o=l 0.56
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TABLE 48: Range and averzge value of trace element

contents in ppm of the Lithic-Arenite

Flement Range Average
Co 15-35 25
Ni 40-75 85
Cu 35-210 119
Pb 20-25 21
Cr 150-500 270
Mn 500-3000 1600
Ti 3000~1% 7000
i 5G-500 250
Mo 0.5-1 0.78
Ba 200-2000 660

Zr 200-50C 320
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N

having similar ionic radius with Fe may be fixed in the struc-

ture of sedimentary magsnetite (Goldschmidt, 1954).

The Co/Ni ratio as shown by Frietsch (1970) of magnetite
and hematite can be used to differentiate between rocks of igneous
and sedimentary origin. According teo Frietsch, the Co/Ni ratio
is below unity for iron oxides of low temperature and sedimentary
origin, but higher values are cbtained in the iron oxides of
igneous origin. An attempt was made to check the aboeve statement
by means of the data given in Table 44. Ixcept for the BIF of
volcano-sedimentary origin of USSR and Itabrite from Minas Gerais,
Brazil, all the others agree with Frietsch's pronosal. Some of
the analyzed samnles of tne associated metasediments from the
studied area also gave Frietsch'’s result. But in the Chago iron
formation the Co/Ni ratio was found to be below unity for some of
the samples, while it is above unity for most of the samples.
Furthermore, the average Co/Ni ratio of all the samples is above

unity.

Landergren (1948) shcwed the low concentration of Cr below
the clarke value of sediments (110 ®pm), as indication to origin
of such ores as oxidates. Frietsch (1970) reported that Cr is
present below the lithospheric content (90 p-m) in the magnetites
of the iron ores of N-Sweden, which are non magmatic in origin.
Majumder, et. al., (1982) reported that in the Orissa BIF (India),
Cr ranges from 20 to 50 »bm, while in the scparated magnetites

it dropes to 4-5 ppm. On the other hand they showed that the Cr
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content in the inter-layered tuff to be as high as 300-2000 nnm,
thus strcngly sugpesting an igneous origin. In Chage iron forma-
tion Cr ranges from O to 30 PP, while in the magnetite-hematite
lenses is below the detection limit. The over-all Cr average
content is 4.65 Ppm, Hence the low Cr content of the Chago

iron formation substantiates the assumption of its sedimentary

origin as oxidates.

Titanium has also been used as a temnerature indicator by
Fretsch (1970) to differentiate between mapnetites formed by
high temperature magmatic process and low temperature sedimentary
process. The clark value of lithospheric titanium is given as
10,000 UpE (Shaw, 1964), Majumder, et.al. (1982) have used
Frietsch's idea to determine the formation of temperaturc of
the Orisa BIF and associatcd tuff by using the titanium content.
They found the Ti content of the BIF to be in the range 30-80
PPM, while the tuff exceeded 1C00 ppm. The Chago mapgnetite-
hematite lenses contain low Ti compared with the ferruginous
sediments. The overall mean Ti content at Chapgo is 362 PPM, which
is still low when compared with the lithospheric value. This
possibly lead to infer that the Chago iron formation was fermed
by low temperature sedimentary processcs. Ti content for asso-
ciated metasediments (quartz-sericite-chlorite schist and lithic-
arenite, Table 47 and 48 is rather high, ranging from 3000 to
10,000 ppm. This probably reflects incorporation of igneous

material in the clastic fractions.



Hirst (1962) showed thc distribution of Zr to be related to
provenance rather than tc sorting of sediments, as zircon is
ultrastable and rarely decomposes. LHence rocks showing high Zr
content can probably be taken tc indicate either direct igneous
origin or incorporation of ipnecus materials. The Chago iron
formaticn shows very low content of Zr which is relatively high
in the associated metasediments. This result also strongly

substantiate the sedimentary origin of the Chapo iron formation.

in order to extract more information from the trace elements,
two triangular variation diagrams were made by using Co, Cr, Ni

and Cu as end members.

a) Ni-Co-Cr diagram: This diagram exhibits that most of
the plot lie on the Ni-Co line. because of very low or tack of
Cr. Most of the points fall beiow 50% Ni content (Fig. 60).

The graph shows similar vaiue for the Ni content of Chago and
Orisa iron formations. The Ni content for all BIF plotted shows
a variation net exceeding 20% with a notable exception for the
volcanc-secdimentary BIF of USSK, whose Ni content is hiphly
depleted. The granh also points out that Chapo iron formation
differe ‘rom other BIF for its low Cr content. According to

Landergreen (1948), such a low Cr content stronrly suggests that

Chago iron formation is originated by oxidate accumulations.

b) Co-Ni-Cu diagram: This ternary diagram discloses the

high concentration of Cu with respect to Co and Ni (Fig. 61) for

Chago. The other oxide facies PIF nlotted are low in their Cu
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content. The Co content for Chapo is comparable with those of
Algoma and Orissa BIF, the difference being 5 and 15% respec-
tively.

The high Cu concentration for the oxidates from Chago could
be due to the scavenging effect of Fe-hydroxide with respect to

some metallic elements.

CONCLUSIONS

From the combined study of major and trace elements of the
Chago iron formation and associated metasediments, the following
conclusions are arrived at:

i) Ixcept for SiO2 and in some cases for A1203 most of the

oxides from Chage iron formation are similar to thosc of the Fre-
cambrian iron formations.

ii) Chago iron formation, which is made up of iron oxides
and cryptocrystalline silica with no trace of carbopate, silicate

and sulphides and being devoid of terrigenous materials belongs
to the oxide facies of James (1954).

iii) Though it does not represent a classical examnle of the
Superior BIF type, Chapgo iron formation resembles more the Superior

Type than the Algoma type of iron formation.
iv) Its high Fe, generally high A1703, and 1low SiO2 contents
make the Chago iron formation unique when compared to the other

well known Precambrian iron formation known throughout the world.
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v) Depletion of trace eiement in the iron formation of
Chago when compared to the associated metasediments, indicates

the absence of clastic materials in the former.

vi) The low Ni, Cr, Ti and Zr contents shown by Chago iron

formation indicates its low tcmperature sedimentary origin.



6. Mineralization

According to the works of Rudis (1964) the iron mineraliza-
tion in the Gulliso-Chape~Yubdo area are divided into two genetic
tynes:

1. Ferrupinous quartzites with magnetite~hematite lenses,

and

2. Silicified residual limonites.

The first type of ircn ore deposits are renresented by an
iron bearing horizon interstratified in Precambrian metasedi-
mentary units, while the second one is bound to the residual

concentration of decomposed tertiary basalts.,

The ironbearing horizen was denosited in a shallow water
near shore environment as chemical pricipitate. But later all
the sediments together with the surrounding plutonic rocks were
subjected to a low grade regional metamorvhism, belonging to the
green schist facies. Mineralogy, texture, and structure, which
generally have been the basis of iron formation studies, are
mainly the result of denositional, diagenectic, 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 ore, forming very thick bands and lenses
as compared to the thin films of quartz and other gangue minerals.
According to Rudis (1964) the occurrence of large magnetite

hematite lenses within the ferruginous quartzites is nrobably the

result of dehaydration of a primary limonitic ore bodies.



The tenor of the commact magnetite-hematite lens=s ranges

from 58.75 to 67.87 percent, while the ferruginous quartzites
range from 31 tc 56.3 percent. The overall average tconor of
iron at Chago is 54 percent. The magnetite-hematite ores of

the studied area rerresent 2 hich ¢rade iron, and unwanted
impurities, like S and I, which harm the nreonerties of pig iron
and steel are below allowable limit. The content of silica 1is
also extremely low cven when compared with other well known iron
formations of the world.

Rudis (1964) estimated the " geolopic reserve' of the
high grade ore to be 440,000 tons, taking 50 percent of the
_strike length (of 400 meters), 5 meters average width, 100
meters denth and 4.4 tons per cubic meter. Similarly the low
grade ore ('"33" percent of iron content) at Chago and the
vicinity was estimated to be 12,000,000 tons based on 3.2 tons
per cubic meter.

Belay, et. al. (1980) using the Rudis estimation method,
calculated the maximum tonnage of the high grade ore to be
12,672 tons, concidering the strike length to be 120 meters and
the width 2 meters. Similarly the Chago low prade material was
estimated tc be approximately 27,000 tons. According to the
estimations of Belay, et.al. (1980) the total iron tonnage at
Chage is apnroximately 40,000 tons. In all these ostimates the

maximum depth taken was 12 meters below the ccover.
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According to its chemical comrosition and nhysical prover-
ties, the high grade ore of Chago is suitable for any kind of
smelting rrocess. But the amount of resource of the high grade
ore is much below the worid's exploitation limit. The estimated
27,000 tons of low grade iron cre was also proved by magnetoreter
survey to be much lower, duc to the assumed uniform thickness of

the magnetite-hematite layer was found to be lenticular and to
attain orly a limited size (Belay, 19%0).

Despite the excellent quality of ore at Chapo, it does not
offer any chance for establishing a steel industrv on a national
scale. It is reckoned that for this nurrose at least 15 million
tons of high grade iron ore should be readily available.

Under the present conditicns, local small-scale mining and
smeltine for manufacturing in situ products might be economically

feasible.
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7. Genesis of the Iron-ferimation

The lack of modern-d=zy examnles of iron formation deposi-
tion makes the subject of origin a fertile one for speculation.
If the wide divergence of opinion in even the recent literaturc

accurately reflects current geological thoupht, the sedimentary

iron~bearing formations are still little understood.

" a chemical

()]

Iron formation was defined by James (1954)
sedimentary rock, typically thin bedded and/or finely laminated,
containing at least 15% iron of sedimentary origin and commonly,
but not necessarily, containing layers of chert.' Iron forma-
tion and the genetically related chemical sediments included in
this broadly defined 1lithological group are distinguished frorn
the clay-iron stone ferruginous sediments by the presence of
banded and layered chert and quartz, and siliceous matrix for
iron minerals, by a lower alumina and titania content, and by
characteristic primary sedimentary features (Gross, 1965, 1972).

Distinctive textures, primary sedimentary features, minera-
s T ) Y ;

logy, minor element content and the associated rocks indicate

the wide range of environmental conditions in which iron forma=

tions were deposited.

-~

A classification of the iron forration as Lake Superior and
Algoma types was introduced (Gross, 1965) to ermnhasize differences

in the kinds of associated rock in the denesitional environments

and geological settings for the various occurences of iron
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formation. Sedimentary environments for the denosition of iron
forraticn extends through o broad srectrum from ncritic basins

to the dceper parts of the continental shelves to tectonic-volca-
nic ridges offshore, and to deeper ocean basin (Fig. 62, Gross,

1980).

It has been suppested that extensive demnosition of iron
formation during the Precambrian was related to special factors
in the development of the atmosphlere and lithosphere involving
the origin and evolution of organisms, and increasc of oxygen in
the atmosphere, the influence of carbon and oxygen in sedimen-
tary environments, and the transportation and deposition of iron.
Genetic models for iron formaticn which emphasize these factors
have been prorosed by several workers (MacGregor, 197Z; Cloud,
1973; Holland, 1973; LaBerge, 1973; Garrels, et.al., 1973;
Drever, 1974). However, Crass (1993) concluded that the deno-
sition and distribution of iron formation has been controlled
primarily by tectonic factors, and that biogenic factors and the
composition of the atmespher had a lesser, and probably limited

influence on the precinritaticn of those chemical sediments.

The Chage iron formation is associated with quartzites,
different quartz rich schists, and praphitic phyllites. Their
association clearly indicate the environment of devosition to be
near shore or continental shelves. The barite which is inter-

baded with quartz and magnetite-hematite near Chage (St-29)

signifies that the denosition had taken place in a very limited
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basin of lapoonal environment which has been reducing for a short
neriod (indicated by the prescznce of some diseminated sulrhides).
The associated undefferentiated hios»heroids, which nrobably are

blue-green alpal genera, strongly sunport the idea that the Chago

basin was a somewhat saline, restricted laroon, and marginal to a

’
true continental shelf. In its tectonic setting the Chago iron
formation resemble the superior type of iron formation.

The chemical compositions of iron formation, on the other
hand reflect the overall geochemical conditions that produced such
concentrations of iron in the lithosphere, and they hold answers
to scme of the fundamental questions of origin. The data obtained
from the chemical analyses of the ores and associated metasedi-
mentary units, which has been discussed in Chanter 5 surplemented
with the existing geological evidences strongly suggests that the

Chago iron formation is a low temperature sedimentary origin.

A lateritic weathering model was designed by Lepr and Goldich
(1964) tc explain the derivation and accumulation of the Precamb-
rian iron formations. To check the existence of any similarity
between the residual limonitic laterite of the studied area and
the iron formation of Chago, the analyzed samnles were plotted in
various triangular variation diagram (Chapter 5). Fven thcugh
these graphs are not sufficient to conclude the derivation of the
iron formation by lateritic weathering, it could derive some clue
about their similarities and differences.

The source material that supplied the Chago tasin with iron

could probably be an iron rich and silica roor mafic rocks.
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Rudis, 1964). Mineralogically, the ores of Agmatta-Sabub areca

consists of granoblastic martitized magnetite in a quartz matrix
with minor admistures of other minerals such as l12mella hematite,

1

chlorite, mica, epidote and calcite.

Diffecrent investigators have tried to estimate the ore of

3

Agametta area. Krupp (19560) estimat it to be 2.5 million tonms,
whereas, according to Rudis (1964) there is only abeout 425,000
tons of ore. On the other hand Famrla (1966) estimatec the visible

tonnage to be 132,000 tons with additional indicated and inferred

ore in the order of 500,000 tons at maximum.

The accumulation of iron on Iritrea [lateau, south of Asmara
as well as Northern Tigre is bound to pre-tertiary penerlanation
and lateritization of Precamhrian rocks. Iron oxides originated
insitu in lateritic residue, forming ancient residual-lateritic

' 1

deposits (Famrla, 1973). The penenlain was buried under Tertiary

-

Trap volcanics. Reddish layers of ferriferous rocks occur where
the present erosion removed the basaltic capping, 2nd can be
observed everywhere, where the pre-trapnean levelled surface is
exposed. The larecest exnosures are between Asmara and Abarda,
some 12 km. to the southwest o¢f Asmara, whereas the other expo-

1

sures zre along the whole margin of the Tran capring (Hamrla,
1973).
The richest portions usually occur as reddish-brown spongy

rock intermingled with iron hydroxides just at the ton of the

ferrucginous layer. These bodies are said to have in averarge
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less than 30 percent iron (hamria, 1966). Usoni (1952) reported

between 30 and 56 percent iron and 13 to 28 nercent Silica.
According to Hamrla (1973) there might be localized portions with
that much iron, and some ‘'enrichment' could have occurred through
leaching of iron from overlying decomnosed volcanics. Concerning
the reserves, the Italians reported 15 million tons of low-grade

ore and 200 million of probable ore (Usomi, 1952).

Another area of interest in Iritrea is the Ghedem iron ore
deposit, which is located at the Extreme northern tip of Ghedem
mountain about 71 km. South of Massawa. It occupies a small
horst and is a minor interesting hot snring type deposit (Hamrla,
1960) and has been explored by Italians in 1940 (Usoni, 1952).
From mineralogical textural and structural evidence the Ghedem
iron ore originated from assendent solutions of a very young low

temperature thermal activity (Hamrla, 1966).

According to Hamrla (1966) there exists about 36,000 tons
of vissible and some hundred thcousand tons of nossible ore.
Similar figures were given by Italians (Usoni, 1952). Rudis
(1964) calculated the reserve to be 6,577 tons per one meter of

depth; which means 65,000 tons to a depth of 10 m.

Keffa: The Mai-Gudo area, which is about 50 km. Southeast
of Jimma is known for the occurrences of residual iron ores of
infltration type, where it is originated from weathering

decomposition of volcanic rocks. Ferric iron has been leached
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transported and nrecinitated more or less in situ, nartly in

the soil residue, nartly in wecathered, cracked surficial portion
of the country rocks. Because of abundant imnurities an average
grade would be lower and could not exceed 40 nercent in the best

case (Hamrla, 1973).

During the Italian occupaiion about 20,000 tons of ore was
mined and the reserves were estimated to be 1.2 million tons
(Usoni, 1952). Murdock (1960) calculated 120,000 tons of visible

reserves and a probable 25,000 tons of ore.

Wollega: Various origin of variable grades of ore occure
in different parts of Wollega amone 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 magne-
tite-hematite which is massive at nlaces Banded and vsually

coarse or crystalline aggrepate.

Rudis (1964) surveyved the area geologically and by magneto-
meter. Representative samples were collected, tested, and put
the reserves estimate at 800,000 tons of nossible ore in central
Wollega. On the contrary Hamrla (1966) estimated the visible
ore reserves to be 160,00C tons for all known localities, with

possible reserves ranging in the order of 300,000 tons.

Jelenc (1966) appeared with a positive idea by explaining

the extension of the ferruginous schists in the area and expected



" many ten million tons of iron reserves' in this part of Wollega.

UN mineral survey (UM report, 1971) checked these iron ore
occurrences by conducting peochemistry and magnetic survey and no
conclusions were reached excent that the deposits hold little

promise of development as iron ore resources.

Iron occurrences has becn also identified in Sidamo around
Yabello and Arero: These arc boulders and nodules of magnetite-
hematite ore.

In Harrargie floats of iron has been repvorted in Precambrian
rocks of Chercher Mountains and also around Jijiga and Dire-Dawa

a ferruginous sandstone with 5-15% Fe has been reported.

Genetically the iron occurrences of Ithiopia belong to
different types and the ores are mainly oxidic (Hamrla, 1966).
The primary high grade ores are associated with the Precambrian
environment while the secondary residual ores are wide spread
throughout the country in different geological environments.
Hydrothermal occurrences are subordinated. The fellowing types
are hither to recognized:

1. Denosits associated with Precambrian preen-schist sequ-
ences. They are most probably sedimentary in origin, later
affected by metamornhic processes.

2. Residual concentraticn deposits originated by weathering

decomposition of ferruginous rocks and subsequent leaching and

transportation of iron oxide by surface waters.
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CONCLUSIONS AND RECOMMINDAT IONS

From geological, petrographical, and geochemical studies
conducted on the rocks of the studied area, the following con-
clusions and recommendations are drawn:

1. The rocks of the studied area, excent the tertiary
volcanics have undergone through a regional metamorphism of
green schist facies.

The nlutonic rocks could have a probable comagmatic

N

origin and derive from crystal fractionation.

3. Their similarities in most of the oxide compnosition of
the younger tertiary basalts and of the protrozoic plutonic

rocks of the area could indicate a probable resemblance of the
original magmatic material of the plutonic rocks with the basalts

and their generation in the same tvpe of tectonic environment.

4. The Chago iron is considered to be a Precambrian Banded

iron formation.

5 In most of its oxide contents, and environment of forma-

©

tion, the Chago Banded iron formation is similar to the Superior

BIF.

6. PBoth major and trace element geochemistry testified that

L

the Chago iron formation is formed by a low temnerature sedimen-

tary processes.



7. Further studies should be conducted to evaluate the
nature and use of the microfosil (" undifferentiated biosnher-
0oids™ ) as indicators of the environment of the denositional
basin.

8. Ixcept to its low Guantity, the high content ¢f iron

make it to be a highgrade orec.

9. Despite the excellent quality of ore at Chago, the
known reserve does not offer any chance for establishing a

steel industry on a National scale.

10. Under the present conditions, local small-scale mining
and smelting for manufacturing in situ products might be ccono-

mically feasible.



10,

145 42

12.

13.

14.

1
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