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AB S TRAE £

The present work.inc?udes a sclentific study of the structure,
petrology and the chromite deposits of the Pauni-Bhiwapur area comprised
largely of the Pre-Cambrian rocks of the Sakoli series. Interrelations
of different rock units of the area, covering over 160 sg.km, and their
stratigraphic sequence have been established on the basis of detailed
geological and structural mapping. The lithology and general disposi-
tion of the various formations have been worked out, A brief discussion
an the regional stratigraphy of the Sakoli rocks has boen included with
a view to facilitate correlation, Field data of different structural
elements were used for the geometrical amalysis of fold systems, with
the help of selective and synoptic 7/ and ;S diagrams, This, in turn,

has made it nossible to 1infer the tectonic history of the area.

Qualitative and quantitative petromineralogic studies of different
rock units consisting of igneous,metamorshic and sedimentary types
have been carried out and their petrography is discussed in detail,

The data obtained from the mechanical analyses of sandstores of the
younger Sedimentaries as well as of their heavy mineral content have

been used for the study of environmental conditions of denosition,

The senetic aspects of the various rock ty-es, particularly the
amphibolites, the graﬁites and pegmatites and the iron ores have been
deciphered from their field relations, mineral parageresis and their
grade of metamorphism. A brief review of the various ideas on the

genasils of grarites is presented.

The distribution, shape and size of the Pauni ultrabasics have

been studied. The petrographfc studies of various mineral assemblages
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comprising the ultrabasics hawbeen carried out. The different
stages of hydrothermal changes suffered by these rocks have been
discussed, A review on genesis of different types of ultrabasics is also

given followed by a discussion on the origin of the Pauni ultrabasics,

The localisatien of the chromite deposits, their structure,shape,
size and types have been studied. An examination of several thin and
polished sections, has revealed their texture, optical characters, and
mineral associations. The major and trace-elements of 13 purified chromite
sam>les of the area were determined by chemical and_spectrographic
analyses respectively, The interrelationship of various elements in
the chrbmites and their variations have been established, A review of
the chemistry of chromite is given in some detail, The genesis of the
Pauni chromites has been discerned from their field features and megas-

copic and microscopic characters,

Mining methods applied for the exploitation of the chromite
deposits have been examined. Varioug methods of prospecting and
exploration for chromite deposits in general and their suitability
in the present area have also been discussed. Further, a brief dis-
cussion on the beneficiation’broduction, reserves, grade, utilization
and future prospects of the chromite deposits is given . Conclusions

based on the above studies have been summarised in the last chapter.,
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1.,1. LOCATIONM OF THE AREA

The area under investigation covers over 160 sq.Km. around
Pauni (20°47': 70°39') and Bhiwanur (20'49' : 79°32') towns in Bhanda-
ra and Nagour districts of Maharashtra state. It falls under the
Survey of India tooposheet lo,55 E>9 within latitude 20°31t to 20°42!
and longitude 79°45' to 79°52%, About four-fifth of the area lies
under Bhardéra district which is demarcated from Nagpur district in
the west by the Maru river. Pauni town is situated on the right
bank of the Wainganga river. It is 83 Km. south~east of Nagour and
42 ¥Km, south west of Bhandara, and is connected with these places by .
metalled roads., Bhiwapur town is 15 Km. southwest of Pauni. The area
is also connected by a narrow gauge railiray line (Nagpur-Chandraour-
5.%.Rly.). Pauni Road (8 ¥m. southwest of Pauni) and Bhiwapur are the

two railway stations (Man.l.)

1.2, PHYSTIOGRAPHY AND ORAINAGE

In general the area represents a matured topography. A
large nart of the area is low lying plains with a mantle of alluvium

or . soil, The area south of Pauni forms an undulating topogravhy

(Miep . 1:).

To the northwest of 2auni, the Gaidongari hills, elongated
in NNE-3SW directiorn forms the most prominent topographical unit and

extend in length for over 6.5 Km. with an average width of 2 Km. The



maximum height attained by these hills {is 400 m. from sea level,

and about 130 m. fror the Dléins. The eastern flank of the hills runs
in an Qnusualvstraight alignment indicating the presence of a fault-f;
(refer page 44). The rounded corners with a change‘in their elonga-
tion direction of these hills on the southern,western and the northern
side are indicative of mafor folds(Map 1 & 2). These hills are composed
rmainly of meta-argillites, slates and conglomeratic slates. Generally
the hills are residual in nature produced by differential weathering

of hard and zoft rocks. . separate alongated snd discontiﬂuoqts hill
east of Caidongari (2074¢' : 79°34') and Mahalgaon (20°49':79°331)

is formed of quartzites. The val!ley in batween this hill and the major
hills, and the adjoining lowar grounds is.compﬂsed.of slaty shales

and bancded slaty shales and soft schists. A small elongated hill lying
southeast of Thutanbori(20-51':79°34') extands in NE-SW direction, and
the hill north of Parsori (20950':79°323') extends in IW-3E direction.
These hills are composed of comparatively softar rocks such as mica-

chlorite schists,

North of Bhiwapur two hills trend along WNW-ESE for about
3 Km. In between these hills lies the valley of the Maru river., The
average width is about 1.5 Km. and the maximum height attained is
360 m, from the sea level and about 100 m. from the plains, The align-
mert of the hill range is gznerally narallel to the strike of the
rock units, The ridges ard the higher elevations are occupied by hard

quartz-phyllites, whereas the lower levels are formed of softer

nhy'lites. There are several small hillocks representing as offcets

SRS



and bifurcations of the main hills. The elongation of many of the hills

exhibits parallelism with foliation of the rocks.

1t would be evident later that the physiography of the
present area is much governed by the structure in particular and

lithology in general,

The Wainganga is an imortant perennial river of the area.
LE 18 & tfibutary of the river Godavari and flows towards southeast.
It is a source of permanent water supply to the local population. In
the west, Maru river, a tributary of Wainganga, flows towards north. It
is a seasonal stream flowirg only during rainy seasors. A small
seasonal stream, Donrich, south of Pauni, flows from west to east.
There are two Seasoral nullahs(streams) traversing the plains north of

*

Pauni: (1) Upashya nala starting from the southern slopes of Gaidon-
gari ranges,joins the Wainganga two Km., south of Khatsi(20°50':79°37').
Mumerous streamlets join this nala from the eastern flank of Gaidongari
hills (ii) Khadan (quarries) nala lying north of chromite quarries
flows from west to east and joirs the Wainganga about 1 Km,rorth of

2auni.

1.3, CLIMATE AND VEGETATION

Like other parts of central iIndia, the aréa has a hot and humid
climate with an average rainfall of 120 cm, The rainy months are July
to Sentember. The temperature during summer (May - June) ranges
between 277 C and 42° C and lowest temperature during winter(December-

e

Januaryﬂgoas down to 67C,

* nala equivalent to nullah



The hills and their slopes are thickly forested, with wild

animals., The important types of trees are Saja(Terminalia Tomontose),

Dichamalis, 5al (Shorea robusta), Mahua (Bassia latifolia),Tenthu

(Diosoyros peregrina), Dhaura (lagerstroemia) and Amla (Zmblica offici-

malis).

1,4, PREVIOUS WORK

From the geological point of view the southerr part of Bhan-
dara district is one of the neglected Pre-Cambrian terrains of India,
slth -ugh many workers have made cortributions to the geolepical know-
ledge of the northern part of Bhandara presumably due to the known
occurrences of manganese, kyanite and sillimanite denosits, very faw
attempted any detailed geolngical investigations in the southern region,
It was only after the discovery of the occurrence of chrorite in the
Pauni area in the second half of the fifties, the southern Bhandara

began to receive attention from the Geological Survey of India,

The earliest recorded work of this area is that of Ehatta-
charii, (in Termor,1934). Ir the General revort of the Geological Survey
of Irdia for 1933, the work of Bhattachariji is summarised in the follow-
ing lines " This area lies partly in the Nagpur and partly in the Bhan-
dara district, and is cccunied by alluvium (of tﬁe Hainganga river),

Vindhyans, Dharwariar rocks of both Sausar and Sakoli types and the

gneissic comdlex. The Vindhyans form swall exvosures by the Wainganga

T

in the neighbourhood of Pauni, and are composed of gently dinping

sandstores, with an overlying conglomerates, and a coarse gritty basal
sondstone resting on steeply dipning gneisses and sctists

These rocks
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are deduced to be of Vindhyan age from the agreement of their strikes
and general character, with the rocks mapped as Vindhyans by

T

Yr. P ,N,Dutta, a few miles to the south",

In 1956, Paithankar published a brief note on the occurrence
of chromite near Pauni. He has mentioned the rock formations of Pauni
to be composed of muscovite-chlorite gneiss, quartzites, phyllites,
horqugnde-schists, talc-schists, talc-chlorite-schists, chlorite-
albite-zoisite schists, tremolite-chloriﬁe schists and pegmatites. The
same author in another brief paper (1960) 'on the petrography and
origin of the chromite bearing rogks of Pauni', concludes thus, 'Pauni
chromite is associated with hornblende schist, tremolite-chlorite schist
and related rocks which represent various stages of dynamothermal meta-
mor thism of basic and ultrabasic igneous rocks. In the absence of any
original igneous rocks, the origin of Pauni chromite is rather obscure.
But the fractured chromite grains and the association cf the ore with

varicus deuteric minerals such as talc, tremolite,chlorite and serpen-

I N
A

tine weigh more in favour of the view of Fisher,(1929), Verner Jones,
(1931}, that Pauni chrcmite is mostly of late magmatic and hydrothermal

class'',

Sinha, (in Roy, 1962&) examined the chromite occurrences of
Tauni, According to him the country rocks around Pauni is granite,
intruded by p=gmatite and also by a number of ultrabasic dykes,
which contain chromite grains and bodies with cens»icueuws gerpentini-
zation in the mineralised zones. 3inha and Srivastava(in Roy,1962 b)
carried cut survey of the chromite deposits nzar Pauni. However, the

text of the report is unpublished,



3ahasrabudhe, (in Roy 1962¢) mapped an atea of about 160
square Km. included in t-posheet 55 P/9 in the Umrer and Rhandara
Tehsils. Conglomerates, sardstnnes,quartzites,greywackes,ohyllites
shales. etc. of the Sakecli series (Archaeans) have been manped for
the first time as separate units. However, the geclogical map or the
text of the investigations of Sahasrabudhe has not baen published

go far,

During the course of this investigation, the present worker
has published part of his work on the following topics:
1. Genlogy and the associated chromite deposits of Zauni area, Bhan-
dara district (Abstract-1966).
2. Hydrothermal alterations in the ultrabasics of Pauni area,Bhaqigyi_
¥a district (Abstract-1966)
3. On the occurrence of Vernmiculites at Pauni, Bhandngadistrict (1966)
4, Genesis of the chromite denosits of Pauni,Bhandara district
(Abstract -1967) .
5. Iron.ore deposits around Bhivapur,Fag-ur-3handara districts,
Maharashtra (Abstract -1967).
6. On the localisaticn and structure of the chromite denosits of

Pauni area, Bhandara district (under publication-1968),

1,5, SCOPE OF THE WORK

The Pre-Cambrian rocks (Sakoli series) of Bhandara district
present a complicated structural pattern, In the tectonic map of India,
(fig.g9 )

three major structural trends meet in the Bhandara region, which is

known as the ‘Bhandara Triangle', Krishnan €1960) has exsressed the
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hope that detailed structural and stratigrashic work in the region

would throw much light on the tectonic histery of the Peninsular

shield, In view of the above ;tructural importance coupled with thé
occurrence of newly discovered chromite dencsits, the present area
called attention for detailed investigation., With these objectives in
view Or. K.K.Singh initiated the worker into the present investiga-
tions, As no systematic geclogical work has been done in the area .
orevicusly it was hoped that the work undertaken would bring out valuable
informations regarding structure, jetrography as well as ecconomic
asnects of the chromite deposits and associated rocks.

Field investigaticns

A4 tetal period of over & months spread over three field
seasons(1963-1966) was devoted for the field investigations. The area
was visited by the present worker for the first time during December
1963 and January 1964, A reconnaissince survey of the chromite deposi-
ts and the geology around Pauni was carried out during this period,
Detailed geological werk extending for five months was done from
December 1964 to April 1965, A ronth was devoted during May-June 1966,
for the final field work, when the geological map was finalised and

certain structures were confirmed,

The following works were carried out in the field:
1. Detailed geological and structural manping of the area on
1: 1C560 scale map.
2. Survey (Brunton Cqmpass) and geological mapping of the quarries

on 1:300 scale wap,



3. Prenaration =f diagraommatic 5lans, sect’ons and sketches of varicus
imnortent geological features,
4, Collection of systematic and representative samples of all tyoes
of rock units, esnecially of the ultrabasics and of the chromite ores.
5. Study of the working and methods of ex>loitation and collection of

economic data of variou$ quarries.

Laboratory investigations

All the laboratory investigations excent the chemical analysis
of chromite ore were carried out at the Desartment of Geology and

Geophysics, Roorkee University. The chemical analysis wss done at the

Geochemical laboratories, Patna University,

The Laboratory investipgations are enumerated below:
1, Prenaration of Bibliogranhy and perusal of untodate literature
on relevant subjects. \
< e S
2. Petrograshic studies: (a) Study of the physical characters of samples:
(b) Study of rock and ore sections under the petrclogical microscope,
3. Ore-micvnscodic studies: (a) Study of polished sections of chromite
. :
and iron ores of the area pnder reflected light; (b) Determimtion
of paragenesis of ore minerals.
4. Sedimentary petrograchic studies of the sandstones, including
mechanical and heavy mineral analyses,
5. Chemical analysis: 13 chromite samples were selected and analysed
which included the following: (i) Separation of pure chromite
from the ores (ii) Determination of major elements (ii1) Deter-

mination of trace elements (iv) Calculation of mineral formulae



and norm of the chromites (v) Comparetive study of the chromite
ore with those of cther ores in India.

6, Structural analysis (megafabric) of the Pre-Cambrian rocks with the
help of selective and synoptic Wpole and ?’ﬁole diagrammes of
various 5 planes in the different sectorg and sub-areas,their
interrelation and their critical comparisgn with the data from
adjacent areas. Besed on the above analysis discussicn on the
tectonic eveolution of the area,

7. Classification of the chromite bodies and ~res based on their
structure, association,physical characters, and assay values,

8. Calculation of ore raserves with the help of the data wvailable
and from records of the quarries.,

Discussions

Based on the findings of the above field and laboratory
studies, t%is thesis was prepared which broadly coversthe fcollowing
aspects:

1 Geological set up and stratigrashic correlation of the country

rocks and the ingxusives.

2 Structure of the area.

(98]

Tetrography of the vari-us rocks,
4 Genesis and metamerphic history of the country rocks.,
5 Occurrence, origin and mede of emplacement of the ultrabasic
rocks. Their petrograshy and hydrothermal changes.
6. Occurrence,rineragrashy ~nd genesis of the chromite denosits.
7. Geochemistry of the chromites,
8. Zcoromic aspects of the chromite deposits.Its minirg,ex»loitation

and reserves.



GEOLOGICAL MAF» MAHARASHTRA -p.7x v 71T VAP No.2

_LEGEND

-
O
° ALLuvium
[
g = - :
L YOUNSER = —=| swaLE
o AT
b3 SEDIMENTARIES neti?l ganpsrone
e
i (J';‘ A VARIEGATED SLATE WITH
EAILN CONDLOMERATIC BLATE
= -7
‘e GAIDONGAR/ %‘;’5 2 ATE
6 META = AR
. FORMATION % _1._.__.";'_1 ARGILLITE
EELEET) SLATY SHALE

2 quanTziTe

IRON ORE BODY

g F QUARTE PRNYLLITE
' 2 WIWAPUR FORMA 7/0N
. PHYLLITE

t

Cl® g g —
"\'gaon |pamsoms FomRMATION = g wecav/
s 9 L TRABASIC RICH EONE
o |PAUNI FORMATION W cviomITE SCNIST ( a1 & MATITI SED)
o e  W/TH ULTRABASIC. BASIC AND
L s Noip INTRUS/IVES
X\E . _)__ BZDDING, STRIKE AND D'P
s L / Fou‘T/aN'57'IA” AND DIF
y ¢ ® CHROM/'!"I ANALY SED
NN M " —_— auARRY
AR RN At o — CHROMITE
AR .\"\\{‘- \\" 4 : .
a%! \\ h \ . .\ ] L4
\' \\\' \-\-\ \\\\\\\\\\ =
A AV WL Y . : 151,680 i
MRS \\\\- \\\.\\'\'\"\-'\\\'\\ ’ c0o asoee e gooo METE
OV W '\\\'\'\',\\-\-'\\,,- * METER “.‘""I P ibﬁl
\'\ \\\\_‘\\\ \\ Wy \\'\Q-\ e, "
\\\ ‘Q\\'I\\ v ‘\\\.\\-\' ‘\,'\.\\\ 51#0”‘, -
AWMU PN e of - ‘ e

AR R 4
ORI RRR

¢
[

'
/

;\
.\g
\
‘x

\‘ﬁ\
.




TABLES -1

GEOLOGICAL SUCCESSION OF PAUNI BHIVAPUR AREA

Alluvium Recent
Laterite Pleistocene
or later.
YOUNGZR SEDIMFNTARIES  Shales,sandstones and conglomerates Gondwana?
(> 36060 m)
Erosional and tectonic unconformity
Metabasics =
GATDONGARI FORMATION Conglomeratic slates,variegated slates, 0 =
(»5000 m,) slates, meta-argillites,slaty shales -l
nnd quartzites W
¢ =
Tectonic unconformity )
BHIWAPUR FORMATION Phyliites,quartz-phyllites and associated i
(5 3000 m.) iron ore bands =
Tectenic unconformity k- -
PARSORT FORMATION Chloritoid-chlorite-muscovite schists o
(>1000 m.)
Tectonic unconformity o 4
Granites and pegmatites
Metabasics (Amphibolites) g X
PAUNT FORMATION Altered Ultrabasics containing chromite ore
(5000 sm,)

Ignecous unconformity

Chlorite schists and the associated grune-
rite-quartz-magnetite rocks
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An orderly sequence of the vapious rock formations of the arca
could not be properly established due to the struetural comrlexity,
However a tentative geological succession of the rock formations of the
area is ghom 1in Table-l;

In the following pages an account of the field characters of the
various rock types of different formations and their interrelations

kas been given,

2,2.2AUNI FORMATION

2,2-1, CHLORITE 3CHISTS

The chlorite schists occupying the lower grounds £orm the main
country rocks around Pauni.it Dlaces few bands of quartz-grunerite-
nagnetite rocké are interlayered with the chlorite schists, The chlorite-
schists were intruded later by ultrabasic basic and acid bodies, The
strike of foliation of these rocks varies from NWaSE to EME-WSW witH
high dips(50%- 80°), In the southern part of Pauni the foliation dip
towards north and in the northern part it is southerly dipping. A
major synform fold has been deduced from the structural analysis
(refer pageS7 Pauni sector)}, The schists are generally very soft
nd  weathar casily,hencae most of the schist bearing area is
covered with soil, Good exvesures ofthe chlerite schists are observed
along the Upashya nullah and the Khadan nullah. Towards west and northe
west,this Formation is separated from the Gaidongari Formation,by the
Mimgaon-Korambi fault f],running approximately NNE-SSW, Along this fault
the quartzites, slaty shales, and meta~-argillites of the Gaidongari

Formation abut against the chlorite schists,
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The chlorite-schists have been migmatitiscd to various degrees
due to the Injection of quartzo-felspathic msterials. Hence their
sriginal composition and texture have been much obliterated. The altered
nroducts range from migmatites (lit-par -1it injected quartzo-felspathic
material along the foliation planes of the schists)to gneisses, These
rocks can be grouped ynder arterites or injection greisces -
Sederholm (1923), Pure chlorite schists unaffected by migmatitisation,

are observed omly at few nlaces ag. at the base of the Yourger Sodi-

mentaries along the Wainganga river,

Quartz-grunerite-magnetite rocks

Few bands consisting of quartz, grunerite and iron ore minerals in
various nroportinons oceur at some places, interlayered with the chlorite
schists., Cood outcrops are observed on the right bank and in the bed
of the Wainganga near Itgaon (20°57':79°38')in between Khatsi and
Ttgaon and to the east of Khatsi. The last mentioned is about 20 m,
in width, striking in 40°-220 °and dipping 65° towards southwest, An
futcrop seen at Diwangh~t near 2auni is 2 m, in width with a N-S strike.
Arother exposure observed in a tributary of Upashya nullah trendsNJ-SE,
Here, a handed quartz-grunerite-magnetite body of about 5 m. thick is
associzcted with a quartz-grunerite rock: the latter is flanked on the

north by a 1,5 m. thick quartz vein, These rocks are comparatively

harder and form elevated outcrops,

2,2-2 ULTRABASICS

The ultrabasi¢ intrusives occur as parallel ,discontfnuocus U

in the chlorite schists of the Pauni Formatién, The general trend of
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the intrusives is WSW-ENE, The width of the belt as exposed in the

Wainganga river is for gbout 2 Km., Strikewise extension has been esta-
bléshed over 2 Km. towards southwest, while the northeast extension is
obscured by a thick cover of alluvium, The ultrabasics have been intru-
ded by the later basic and acid rncks. The ficld features of the ultra-

basics have been discussed in detail in Chapter VI,

2,2-3, AMPHIBOLITES

Swarms of amphibolites (metabasics) are exposed in the Zauni For-
mation, Good exposures of the amphibolites are cbserved along the right
bank of the Wainganga river, along the Usashya nullah and the Klgzdan
nullah (Man 1).

The amphibolites occur as sills of lenticular fornm or as discontinu-
aus bandé, broadly conforming with the trends of foliation of the
country rocks, At places smaller bodies show an en echelon pattern,

The ampbi-bolites strike NE-SW around Upashya nullszh,while along the

bank of Wainganga river their strike varies from NNW-SSE to ESE-WNW,

Generally the individual bodies vary in width from 1 m, to 5 m.
However few bodies have a width u»to 20m. for examile, the amphibolite
ex2osed on the river bed near Korambi village (20°50':79°37'). Thin
bands having a width of 15-20 cm. are not yncommon. Since the outcrops
of the amphibolites are generally covered with soil and as these are
mainly exnosed along the bank of the Wainganga,in nullahs, and quarry
cuttings, their lateral continuity cculd mot be preperly established,
Nevertﬁ!ess, from the nature of occcurrence of smaller bodies, it has

beer concluded that they pinch out within short distancer (Fig.6,8).
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Fig.WNo.2
Fig.No.3
Fig.No.4
Fig.No.5

Fig.No.6

Fig.No,7

Fig.No.8

PLATE No,1V

Section., Ptygmatic folds of quartz-felspathic veins in the
country rocks. Location- near Diwan Ghat-Pauni.

Section, Quartz-felspathic veins along the follation planes of
amphibolites. Locatién - near Khadan nullah north of Quarry 2,

Section, lenses of granites and pegmatites in the amphibolites,
Location- Wainganga river bank - Pauni, near the Electric Tower.

Plan. Displacement of pegmatite bands in amphibolites atong a minor

fault, Location - Wainganga river bank, Itgaon.

Section, Lenses of granites, amphibolites and ultrabasiecs in the
country rocks, On the right side, the country rocks are folded.
Location - Khadan nullah, north of Quarry 2,

Closely spaced faults affecting the chlorite schists and intrusives,
Location - Wainganga river bank, Itgaon.

Lenses of amphibolites showing en echlon arrangenent, Location -
Upashya nullah,
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the intrusives is WSW-ENE, The width of the belt as exjosed in the

Wainganga river is for about 2 Km, Strikewise extension has been esta-
blsshed over 2 Km. towards southwest, while the northeast extension is
obscured by a thick cover of alluvium. The ultrabasics have been intru-
ded by the later basic and acid rncks, The ficld features of the ultra-

basics have been discussed in detail in Chapter VI,

2.2-3, AMPHIBOLITES

Swarms of amohibolites (metabasics) are exposed in the 2auni For-
maticn. Good exposures of the amphibolites are observed along the right
bank of the Wainganga river, along the Urashya nul'ah and the Khadan
nullah (Mao 1).

The amphibolites occur as sills of lerticular form or as discontinu-
ous bands, broadly conforming with the trends of foliation of the
country rocks, At places smaller bodies show an en echelon pattern,

The amphbi-bclites strike ME-SW arcund Upashya nullsgh ,while along the

bank of Wainganga river their strike varies from NNW-SSE to ESE-WNW,

Generally the individual bodies vary in width from 1 m, to 5 m.
However few bodies have a width unrto 20m. for example, the amphibolite
exnosed on the river bed near Korambi village (20°50':79°37'). Thin
bands having a width of 15-20 cm, are not uncommon. Since the outcrops
of the amphibolites are generally covered with soil and as these are
mainly exoosed along the bank of the Wainganga,in nullahs, and quarry
cuttings, their lateral continuity could mot be properly established.
Nevertﬁ}ess, from the nature of occurrence of smaller bodies, it has

beer concluded that they pinch out within short distancer (Fig.6,8).
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Contact effects

The contacts of the amphibolites with the migmatitised chlorite
schists are rather sharp(fig. 8 ). However, narrow zones of hybrid rocks
are a cemmnn feature., Gradational contacts have not been noticed in the
area. The amphibolites are cut across by granite and pegmatite veins
with sharp contacts (fig.4 ), The contacts of basic and ultrabasic rocks
show actinolite rich zones. At places along these contacts, thin bands

of crossfibre asbestos are observed,

At scveral places thin veins and bands of pegmatites are seen in
the amphibolites alcng an! across their cleavage planes (fig. 3,194)
Turther numernus minute veins of quartz criss-cross the amdhibolites.,
Some of the amphibolites of Pauni area show partial migmatitisation,
having lit-par ~lit injections of quartzo-felspathic matter along their
foliation planes,
"leathering

The ampiibolites are weathered in some of the pits and nullah
cuttings giving rise to light green to yellowish green clayey products,
Localiy fews of the smaller bodies have been limonitized to varicus
degrees giving a brownish yellow colour to the rock. Umaltered patches
~f green amhibolites are seen in these limonitized bodies.,
age

The field relations indicate that the amphibolites of Pauni Forma-

tion are younger in age to the ultrabasics but older to the acid rocks.

2,2-4, GRANITES PEGMATITES AND RELATED ROCKS

Apart from the ultrabasic and basic intrusives, the Pauni Formation

contains numercus lenticular bodies and sill like sheets of granites and



~e¥15

pegmatites in the chlorite schists(fig.86). Like the ultrabasic and

basic intrusives, the acid rocks also generally show concordant rela-
tionship with the foliations of the host rocks, Varietites of rock types
ranging in character from very fine grained granites to coarse grained
pegratites and a few felspar rich bodies are exposed in the area, Sonme

of the fine grained varieties shcw gneissose structure. Numerous exposures
of the acid rocks are found along the Wainganga river bank near Zauni

and along the Upashya and Khadan nullahs.,

The lenticular acid bodies vary in width from 0,5 to 5 m.and in
lenpgth from one metre to-over 50 m. Small veins, bands and pockets of
segmatite bodies are also noted, showing both parallel and transgressive
relation with the associated rocks. In some of the chromite quarries
negmatites have been observed cutting across chromite bodies(fig, 66,70)
Thin bands and veins of pegmatites are seen along the foliation, joint and
fracture planes of some of the amphibolites, However, the majority of
granites and pegmatites show structural kinship with the ultrabasics
and the amphibolites. S-me of the minor faults observed near Itgaon
and in the quarry pits (GCS 3) have affected all the rock types (fig.57).
Along the bank of Jainganga river some of the pegmatites forming
discontinuous bands ;nd lenses conform with the fold ocattern of the host

rocks (Map-5)

Thin quartz veins(1-25 cm,)traverse the pegmatites ard granites
along their joint planes and fractures,

Cntact =ffects

The contacts of the pegmatites and granites with the older rocks
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are rather sharp,with thin zones of hybrid rocks(fig.ge). The contact
of negmatites and ultrabasics at several >laces shows irregular bands
and veins consisting dominantly of tourmaline with subcrdirate amount
of coarse grained quartz. Along the contacts with the amphibolites the

acid rocks are of hybrid nature containing some green minerals.

Alterations

A large number of the granite and pepmatite bodies have been
kaolinised to varicus degrees. The alteration appears to be localised
along the weak planes and to a small depth, probably céntrolled by the
meteoric water. At some places al-ng the bark of the Wainganga the
felspars in the pegmatites have been completely replaced by epidote,
forning epidosites, with enidote and quartz as the only minerai constl-
tuents, Epidote veins traversing the pegmatites along weak >lanes have
boen noted at few'olaces.

Age of the intrusives

As noted earlier, the granites and pegmatites cut across the
ultrabasic and basic intrusives. It is quite evident that these
acld bodies are younger in age to both ultrab-sics and the amphibolites,
Further, structural analysis of this Dart of the area (discussed
later ip page 69) has revealed that the pagmatites are of syntectonic
origin,

sy PARS50RI FORMATION

In the north of the area, the less metamorphosed Gaidongari
Formaticn eguas into juxtaposition with ths more metamorphosed Parsori

Tormation, &l1l along this boundary numerous quartz voelis and reefs are
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observed. At several nlaces the rocks necar the contacts are sheared
and accordingly the boundary represents a fault named as-Tular-
Parsori-Umri fault (fz); The arca under investigation covers only the
southern part of this Formation. The Parsori Formaticn ié represented
in the arca by chloritoid-chlorite-muscovite schists. The schists are
mainly exposed in the Tutanbori-Parsori hill ranges, hoving a semi-
circular pattern. The schists trend NE-SY between Tutanbori and Uari
north of Khapri and when followed westwards they strike WNW.ESE, In
the east the foliations show an east-west trend with an average dip

of 50° towards north. Towards west the trend changes to WNJ-ES3

dioping 55” (average) towards north.,

2.4 BHIWAPUR FORMATION

2.4«1, PHYLLITES

in the Bhiwajur Formation phyllites form two distinct horizons
senarated by quartz-phyllite beds. Goed exposures of the phyllites are
cbserved along Maru river, in the hills near Pshungaon,(20°47':79°33')
the hills west of Dongargaon (20°47':79°32') and on the plains around
Bhiapur railway station. On the locwer grounds the phyllites are often

covered with a mantle of scil,

Foliation showing variable trends is fairly well developed in the
phyllites. They pencerally strike between E-% and WNW-ESE. Onc of the
horizens of the phyllite makes o U shaped cutcrop in between two tanks
nothwest of Bhiwapur (Map 1 & 2), Here the foliation varies between
ENE-WSY and NNW~3SE with an average dip of 60° towards north. Apart

from the mesoscopic folds developed in the foliation planes, at several
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nlaces (refer page 46 they also exhibit mincr and micro f-lds(fig.52,53),
Twe to three sets of lineations renresented by the puckering and micro-
corrugation of the folia are common, The phyllites exsosed in the hills

near Dongargaon show well developed slip cleavages and lineatior: .(fip,49).

2 .4-2, QUARTZPHYLLITES

The quartz-phyllites of Bhiwapur Formation represent metamorphosed
scmipelites. These grade with the phyllites. Within the quartz-phyllites
therc are gradational sub-groups. Broadly these may be classified into
three groups: Pure (normal) quartz phyllites; rirnat _ quartz phyllites}
and biotite-quartz phyllites. Due to gradaticrns it is difficglt to
demarcate distinct boundaries for these rocks. The quartz phyllites
expesed on the hills (1.5 Kn, northwest of the Bhiwapur railway station)
are hard and massive. In some cxposures on the hill, the quartz-
ohyllites exhibit well developed linc~tion due to the elongation of
uniformly distributed clusters of biotite (fig.54). The massive type
occurs as intercalated bands or lenses within the lincated tyre. The
I'ineztion of the biotite clusters is very much pronounced in the hill
north c¢f Bhiwapur. At other nlaces the biotite in the quartz-phyllites

is observed as round or oval specks or spots,

The hard and massive garnet-quartz-ohyllites show »ink or pinkish
brown garnets, with coarser suartz grains, The rock has more appearance
like quartzites. Prominent horizons of this tyse occur in the Zahungaon
hill ranges and the hillock north of Jogikhera (20°46' :79°33'), Some
iron-ore bodies are associated with the garnet quartz vhyllites, The
quartz-phyllite outerops trend between E-4 and WNJ-ESE, The foliations

range‘ in strike from N-¥ in the west to M-S and NNW-SSE towards the
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centre and east of the area with average dips of 65° towards north and

east,

2.4~3, IRON ORE BODIES

Small occurrences of iron ore bodies are noticed in the Bhiwapur
Formati-n, Qutcrops and exhosures of these bodies are found in the hill
ranges near 2ahungaon near Jogikhera and south of Tambakhang(20°47': 79°
79°32') necar Dongargaon (Map 2). 0ld werkirps are seen in the hill
near Pahungaon, Relicts of slags of iron ore are often found strewn

near the nits.

Iron-ore bodies occur assoclated with the garnet-quartz-phyllites
in detached outcrops as bands of 1-2,5 m, wide and 20 to 70 m, length,
The trend of the ore bodies roughly confoms to the strike of foliation
of the quartz-phyllites, which varfes from WNW-ESE to NNW-SSE dipping
50° - 60° towards north. Across the strike these bodies show a shars
contact, but along their strike grade to ferruginous quartzites and
finally into pure quartzites. These bodies are quite hard and compact
and generally occupy the too of the ridges, Boulders and tlocks of these

rocks are scattered on the hill slopes,

2.5 GAIDONGARI FORMATION

2.5-1, QUARTZITES

Discorntinuou® hill ranges from Nimgaon (20°47':79°35') ¢o Mahalgaon
are formed of hard and compact quartzites, These quartzites are flanked
on either side by slaty shales and banded slaty shales. Starting from

the south near Nimgaon upto Mahalgaon the quartzites trend FNW-S3E, then
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veer about 90° with a strike along NE-SW and an average dip of 3C°

both towards east and west, Foliation is rather poorly developed in
these rocks. The isolated hillock to the south of Khapri (20°50':
79°34') 1s formed of these quartzites. From this hillock about a
kilometre %o the northeast, the quartzite horizon pinches out bringing
the flanking slaty shale and banded slaty shale horizons together. A
major antiform fold whose axis runs parallel to the quartzites has been
deciphered, Joints are well deQeloped in the guartzites. At severcl
nlaces the quartzites show minor shearing and are traversed by numer-

ous quartz veins,

2,5-2, SLATY SHALES AND BANDED SLATY SHALES

Rocks ranging in character from slaty shales to banded slaty shales
fornm two distinct horizons in the south,southwest, and west of Gaidon-
gari hill ranges, In the south the two horizons are separated by
quartzites, Howevef, near Khapri they merge together into a singl2
unit, Near Nimgaon, the slaty shale horizons abut against the Paurni
Formation as a result of the Nimgacn-Korambi fault, £,(Map 2)., Stert-
ing from south near Nimgaon, the slaty shale strikes.NW-SE, then it
gradually changes to N-S and finally to NE-SW towards Umri (20°52':
79°36') in the north (Map 3). The average dip of thesc rocks is 30°
towards east. Good exposures of the slaty shales are observed in and
around the Pauni-Khapri road, the southern slopes of the Gaidongari
hills, and ir the Maru river.

The quartzite-shale boundary runs roughly parallel to th: Pauni-

Khapri road. The slaty shales lying between the quartzites and the
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meta-argillites are banded in character,having well developed alter-
nating layers of different shades. The slaty shales exposed on the
western side of the quartzites along the Maru river are highly fissile
and laminated., Banded nature though present is not much pronounced,

The contact of these slaty shales and the Bhiwapur Formation 1s covered
with thick soil, In the north, as mentioned earlier, the contact of
Parsorl Formaticn and the slaty shales of the Gaidongari Formation from
north of Khapri to Umri, shows a disturbed tectonic discentinuity,with

numerous quartz veins,

In the hillock west of Nimgaon, large number of cuartz veins and
reefs varying from few centimetre to about 2m. in thickness,traverse
the shales, rendering them very hard and compact. Quartz veins traver-
sing the shales arec also observed in the exposures along the Maru
river,

2,5-3, META-ARGILLITES

Meta-argillites form a major rock unit of the Gaidongari Formation,
These are mainly exposed on the western slopes and on the upper reaches
of the southern side of Gaidongari hill, On the castern side of the
hill, these rocks outcrop on lower reaches and towards north these
are mainly found on lower grounds. The arcuate outcrop of the meta-
argillites(Map 2) is due to cross folding (discussed in page 59), The
eastern 'imb has been sliced by the Nimgaon-Korambi fault, fllbringing
the meta-argillites in juxtaposition with the Pauni Formation. The
faulted contact zone is mostly mantled by soil cover. The western limb

of the meta-argillites lies between the slaty shales on the west and
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the slates on the east. Contact planes between the slaty shales and

the meta-aréillites are quite distinct, whereas the contact nlanes with
the slates are gradational. Bands and lenses of siltstone and mnud-
stone occur within the argillites. The meta-argillites form U shaped
~utcrops,with a narrow nose north oleimgaon, and a wide nose, east

of Khapri., In the west of Gaidengari hills,it has a strike along both
NNW-SSE and NNE-SSW while in the east the trend is between NNE and HE,
The foliation has a ENE-WSW trend in the north with average dip of

50° towards north, In the south of the hills it trends both along

NN/ and NE with varying dips.

Meta greywacke - Along the western limb of the meta-argillii. near,

their contacts with the slaty shales, thin beds of meta-greywacke
(urto 5 m, thick) have been observed. At times these beds ninch out

along their strike and reapoear after a short distance.

2,.5-4, SLATES ,VARIEGATED SLATES AND CONGLOMERATIC SLATES

The folded limbs of the meta~argillites enclosc within it a
heterogenecus rock assemblage forming an oval shaped outerop(Map 2).
This is mairly represented by slates,variegated slates and conglom:-
ratic slates, The two limbs of the meta-argillites grade into slatcs
towards the centre. The slates gradually nass into a ccntre zone of
variegated (pebbly) slates, Apart from the angular to subrounded quartz
fragments, elliptical and oval shaped fragments of slates and phyllltes
of different colours, give a variegated appearance to these racks. The
variegated slates enclose a thick horizon of conglomeratic slates

around KhanHurk(20°50':7955%), which are composed of pebbles,cobbles
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and boulders in a slaty grnundmaés. Some of the boulders are as big as
50 cm, in their diameter.

The Kulegote hill running north-south 1is comprised of the slates,
East of Thana(20°51' : 79°36') and north of the Thana tank, on the
eastern slopes of Kulegote hill, a thin lenticular bed (5 to 15 m, )of
hematite quartzites trending WNW-ESE occurmswithin the slates. Near the
contacts oﬁ the hematite-quartzites the slates are also ferruginous
forming a 2~22 thickzone which finally merges with the normal slates.
Near the hematite-quartzites, quartz veins trending east-west cut across
the slates, Some of these veins contain platy crystals of hematite

along the weak planes.

The slate outcrops follow almost the same trends as described
carlier for meta-argillites. The variegated slates and conglomeratic
slates together form an éval shaped outcrop in the top of the Gatdongari
hill with U shaped edges (Map 2). The general trend of foliation is
ENE -WSW with an average dip of 50° towards north,

2.5-5, METABASICS

Two occurrences of metabasics(amphibolites) have been observed in
the Gaidongari Formation, In the Maru river bed about 250 m,north.of
Makhabardi (20°50':79°32') a s1ll like outcron of amphibolite, 10 to
13 m, thick, is exvosed in the slaty shales. A similar occurrence is
noticed in a valley between the Parsori and Gaidongari hill ranges,
Hipgh temperature contact effects are absent in the elaty shales
adjacent to the amphibolites. The amphibolites of Gaidongari Fo}ma-

tion were formed much later comdared to the intrusives of Pauni

Formation,
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2.6, YOUNGER SEDIMENTARY FORMATION

Gently dipning sedimentary rocks forming a triangular outcrop occur
to the south of Pauni on the right bank of the Wainganga river. This
formation overlies unconformably the chlorite-schists of the Pauni
Tormation, The northern contact of the formation, outcroﬁs about a
kilometre south of the bridge across the ainganga at Pauni. The south-
ward extension of the sedimentaries although delimited by the southern
boundary of the present area, coversthe Bedurli reserved forest and
continuesbeyond Kanhgargaon (20°42':79°40') in Toposhzet No,55 £/10,
The lithological units constituting this Formation are conglomerates,
sandstones,shales and their gradational types. Major part of this
Formation is covered with soil and alluvium, Good outcrops and exposures
of the sedimentary rocks are observed al>ng the Donrich nullah,right
bank of Wainpanga river, and on the higher ground towards west and

southwest of Dhanori (20°45':79°40'),

The general strike of this Formation is along WNW-ESE on the
eastern part and NNW.S5SE towards west, They dip gently (8-20°) towards
south, Local changes in the disvosition of the rocks have been caused
by minor flexures,bucklings and dislocations., The northern contact
anpears to be fault, £, running in the NNE-35H direction, roughlypara-
111l to the Korambi-Nimgaon fault, fl‘ The sandstones show a change
in strike with steep dips, near the faulted contact on the riverbank,
A few NNE-SSW trending faults, mainly parallel to the northern boundary
fault, have been observed affecting tge various rock units,along the

Donrich nullah, Many other local faults (strike between NNE-3SW and 5-W)
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have affected the conglomerates,sandstones and shales(fig, g7 ).

The basal part of this Formation consists of few alternating thin
horizons of granule corglomerates and pebbl: conglomerates, This is

overlain by thick conformable horizons of sandstcne(lower ),shales ,and

sandstone (upper),

2,6-1, CONGLOMERATES

The conglomerates are well exposed about 2 Km, south of the Pauni
bridge along the Wainganga river and about % Km. upstream of Donrich
nullah from its confluence with Yainganga river, The phenoclasts vary
from 2 to 10 cm, in diamotor. Both grnule conglomerates and pebble-
c~bble conglomerates occur in the basal zone of the Sadimentary
Formation (Fiz.89 ). 4 granule conglomerate layer appears to be the base o
sedimentaries, as it directly overlies the chlorite schists of the
Pauni Formation as observed along the Wainganga river,near Kedurli
(20°46':79°40'), Three horizons of cobble conglomerates of 3 m,
average thickness with parting of granule conglomerates and sandy
granule conglomerates have been noted in the area, Lateral variations

anong these have also been observed.
2,6-2. SANDSTOKES

Sandstone beds form two distinct units (1) the lower sandstones
and (2) the upper sandstones, separated by shale beds. They resemble
in several aspects the Barakar Sendstones(Lower Gondwana) of the type
areas, Locally,highly coherent and tough sandstonres have developed.,

To the southeast of Dhanori, such rock types of the lower sandstones

are used locelly for building stones.
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Shallow water features like current bedding, ripole marks,mud
cracks etc, are preserved in the sandstones, Some of the joint and
fracture planes of the sandstones arc filled with secondary yellowish
white calcareous matter,

2,6-3, SHALES

Shales are exrosed in the Donrich nullah and its tributaries in
the south (fig,88 ). They are very compact, and thinly laminated with
closely spaced joints. At many places several thin lemses(10-15 cm.

in length) of silt stones are inclosed in the shales.

The shale beds contain several intercalated thin bands of sand-
stones varying in thickness from 6 cm, to 25 cm, and svaced at raugh
intervals of 30 cm, They are tough and indurated having slickensided
surfaces, Along few miniature faults occurring across the laminations
of shales, the sandstone bands are slightly bent and displaced,

showing mipor drag effects,

2,7. REGIONAL STRATIGRAPHY AND CORRELATION

The Pauni-Bhiwapur area forms the scuth western part of the
'Sakoli synclinorium' (Sarkar, 1957 ?p.10)." and consists mainly of
rock formaticns belonging to the Sakoli Series of the Archaeans. The
Sakoli Series has been named after the type area in Sakoli Tahsil in
Bhandara district. This Series is exposed in a large triangular
outcrop covering southern half of Bhandara district,south-eastern part
of Nag:ur district and northern part of Chanda district with a general

strike of NE~-SW(Fie¢,10,LL)Duc to the triangular nattern in the structural
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trends and the disposition of the outcrops, the area occupied by the

Sakoli Series has bezen known as 1Bhandara Triangle' (Bhattacharya in
Fermor 1934). Systematic geological mapping of the Sakoli belt was
started B& S.K.Chatterjee in 1928 and in the later years by

D,.3.Bhattacharya (in Pascoe 1929,1930;Fermor 1931,32,33,34), In the
recent past Sinha (in Roy 1962a) and Sahasrabudhe(in Roy 1962c)
have earrisd cut geolopic.l masping of the. Yzuni region,

According to Chatter jee(in Fermor 1931), the geological succession

of the Sakolis as exnosed in the centre of the Bhandara district is as

follows:
T[XBLE —g

GEOLOGIC SUCCESSION OF CENTRAL BHANDARA

Quartz-dolerite
Garnet-muscovite-granite,
garnet tourmaline muscovite: gronites ind pegmatites

Eruptive unconformity

Crushed albite-microcline quartzite

Phyllite and slate

Heamatite and sericite quartzite

Garnetiferous phyllites and chlorite-muscovite
schists occasionally carrying chloritoid and
granhite; jaspillite; epidote-chlorite schist;
and felspathic chlorite hormblende schist,

SAKOLI SERIES

5A-08 A& K SERITES

In the recent years the north-eastern part of the Bhandara
Triangle has been investigated by Sarkar(1956,1957), Srivastava(1964)
and Sengupta (1963,1965), The stratigraphic succession of this part

as established by Srivastava ( op.cit. ) is given below,
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TABLE .28

GEOLOGIC SEQUENCE IN NORTH EAST BHANDARA

Alluvium
UNCONFORMITY

" Quartz veins
: INTRUSIVE UNCONFORMITY

Granite gneiss

Amphibolites;garnet—amphibolite,meta-dolerites,
and meta-diorites (Metamorphosed hypabyssal phases)

INTRUSIVE UNCONFORMITY
Chandipahar Graphite phyllite;chlorite phyllite; and chlorite=

Formation muscovite-quartz schist,

(1800 m,)
Kharrapahar Chlorite phyl'ite; chlorite muscovite-quartz-schist;
Formation ferruginous phyllite ; and banded hematite-quartzite
(500 nm,)

Rampur For- Garnetiferous phyllite; chlorite-muscovite-quartz-schist
|mation muscovite-quartz; schist,ehlorite-biotite-garnet-quartz

(1500 m,) schist, Hornblende schist (metabasic lava)

Gangajhiri Tremolite-silliminite-biotite-staurolite-alblte~quartz

Formation schist and tremolite-ly-nit.-biotite-staurolite-quartz

(150C m) schist with psammitic bandsj;muscovite-biotite-staurolite-
quartz schists; muscovite-biotite schist;silicifie
gradhite phyllite. ’

Base not seen (oblitered by granitisation)
The present area forms the southern most part of theiBhandaraTrianglé
(£4~.9), The geological successidn of the various rock formation
of this area was not fully investigated earliecr. The succession
established by the the present worker is the first systematic attempt

on the stratigraphy of the Sakoli Series of the southern Bhandara
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region (Table 1), It will be evident that the stratigranhic SUCCession-
for the whole 'Bhandara Triangle' is yet to be established. Hence any
attempt to correlate the rock units of the present area with that of the
northern nart, will be far from success. A complete picture of the
Sakoli Series will emerge only after the detailed investigation of the

central region,

Bhattacharjil (op, cit) and Sghasrabudhe (op. cit) who worked in
the southern part of Bhandara have attributed Vindhayn age to the
Younyer Sedimentaries whereas Dr, 53.N.3inha (personal communication)
refags -hem to Gondwana age. On the basis of the ficld and laboratowy
investigations the present worker finds it difficult to corr-late
the younger sedimentaries with the Vindhyans, They show much simi-
larity with the Lower Gondwana Formations, There are a few Lower
Gondwana basins in the neighbourhood of the area (eg.Umrer-30 Km,
eastwest,and Chimur 40 Km, southwest), having more or less similariisy
features. The petrography of the rock formation -conglomerates,
sandstores and shales. has much similarity with the lower Gondwanas.

Hence the present worker tentatively correlates the Younger

Sedimentaries with the Lower Gondwanas,



=4 304

CHAPTER - IIX

8 L T URE

3.1, INTRUDUCTIOKN

feometric analyses of'the different structural elements especially
the foliation planes,. observed in the various rock formations, have
helped considerably to unravel the comolicated geologic and tectonic
history of the area, As the structuralﬁand geological map prepared by the
present worker is the only detailed map of this part of the Pre-Cam-
brians, it was found to be rather difffcult to draw the structural i“ﬁf'
pretations on regional basis, Further as the area under investigation
1s rather small (about 160 sq.Kms,) and the major part of the lower
ground (especially the Pauni block) is covered with soil and alluvium,

some vital informationsregarding closures of some of the formations,style

of folds and attitude of faults, fall short of perfection, This has
restricted the worker into certain limitations in making some positive
cbnclusions. Nevertﬁ}ess, it has been possible to reach at some plaue=
sible inferences on the tectonic history of the arca which might be of

some help to future studies on the structural interpretations of the

ad joining areas,

3.2, METHODS AND PRINCICLES OF STRUCTURAL STUDIES

2rinciples of Structural analysis - Structural analysis involves two

philosophically distinct procedures. First is the study and descrintion
of a rock body in ttg present state - a study as free as possible from
inference and extrapolation exceot to the extent imposed by limitations
and poor exposures in the field, Then comes genetic interpretation of

‘the deseriptive data, an attempt to reconstruct the structural
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evolution of the body in question, (Sander 1948;MclIntyre,b1951;Weiss 1954,
1958} Turner and Weiss,1963,; Ramsay 1964 and 1967), Structural arnlysis
of an area comprises mainly three phases of investigations in order of
their decreasing certainty regarding the concepts on which they are

b sed:

(a) Geometric analysis or study of structural geometry, It is mainly

concerned with the direct observation of structures with certain amount

of deductions depending upon the scale of investigations. The geometric
data of a deformed rockmass collectively constitute a2 property analogau:
to the symmetry and structure of a crystal, Identical renroducitla dets

should be obtained by different workers on the same body of rock,

(b) Kinematic analysis. It involves the reconstruction of che various

movements suffered by the body during deformations like strain,
rotations, translaticns etc., based on the data of geometric analysis.

This can be made in two ways,

(1) The movement picture of the deformation is brought on the
experimental assumption that the nature of the geohetric order of the
body reflects the geometric order of the differential displacements,
rotations and stra‘ns that must be present during deformation of a
real polycrystalline body, Herec symmetric principles play a key role,
(i1) The oresent state of the deformed body {is compared with an
assumed parent statejand stages of kinematic development is deducted,
However, it has got certain limitations as more than one interpretation
may be made from the same observations and same assumptions regard-

ing parent state, Hence the soundness of assumption is the most

important factor,
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(c) Dynamic Analysis. Here, stresses which affected the geologic body

and the forces from within and without resoonsible for the stresses are
reconstructed, Dynamic analysis of rock structures remain uncertain and
speculative as it involves the physical state of rockmasses during
deformations and the behaviour of the flow of the rocks in the solid
state i,e. whether it is elastic or plastic, Interpraotation of the

same geometric data by different geologists even in the light of the
same experimentally confirmed theories of flow and deformation may

he widely different (Turner and Weiss-1963).

3,3. METHODS OF STUDY

For the structural analyses of the Pauni-Bhiwapur area, detailed
geologic and structural mapping was carried out on a 1:10560 scale
(Map 2 & 3)? The maps prepared depict the lithologic boundaries and
the orientation of planar structures like bedding planes(Sl) and axial’
plane cleavages (82)' In the field all the axial plane cleavages

representing different fold movements were plotted as S, planes as

2
they are rarely preserved together on a mesoscopic scale. Data on the
mesoscople and macrosconic structures including the planar structures,
various fold patterns, the nature of faults, joints and lineations
have been collected for the whole area.

The area was grouped into three distinct tectonic blocks,which

were further divided into thirteen sectors (I - XIII) mainly based on

their structural homogeniecty (Map &)

*These mans have been reduced to smaller scale (1:3168C) from the
large scale field maps.,
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Structural data collected from the field were analysed for each of
the sectors, The péles of the nlanar structures, mainly 82 of the
country rocks and the intrusive bodies, were plotted in the lower
hemisphere of a Schmidt's equal area projection net and contoured on a

Dimitrijevic net (q -pole diagrams),

Tollowing the method used by Yeiss (oan}D) and Turner and
Weiss(op”qu)Bpoles of the three sectors(VI,IV,V) of the Bhiwapur
block and three sectors(VII VIII i) of the Gaidongari block were plotted
and contoured, These diagrams were prepared to ascertain whether their
maxima coincide with the fold axes in the corresponding g - diagrams,
No attempt was made to prepare the f diagrams of the sectors of the
Pauni block because of its structural complexity. It has been proved
that gdiagrams are unreliable in areas of inhomogeneous folding where
they give a false impression of structural geometry(Ramsay,1964),

The synoitic diagrams of g S g and B poles were prepared for

2’
each block from their selective diagrams, The above method of structural
analysis when compared with the field diagrams, maps and sections

hafg been of much help in establishing the structural geometry of

rock formations in each sectors and blocks in particular and deriving

the tectonic history of the whole area in general.

3.4, REGIONAL STRUCTURE

The 3akold group of rocks are exposed in a large triangular
outcron covering the southeastern Nagour district, southern half of
Bhandara district, and northern part of Chanda district upto the

vicinity of "lairagarh with a general NE-5W strike (Fip.9 ). It was
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thought earlier that the Sakolis belong to the higher horizons of the
more metamorshosed Sausar Series and have been thrusted into the older
rocks to the north(Pascoe,1951), Recent views are in support of two

separate basins for the Sausars and the Sakolis,

“hattacharji (in Herom1636) has drawn attertion to the Sakoli
groun of rocks showing a triangular arrangement in many aspects, On a
regional scale, the Sakolis have a triangular outcrop pattern. Further,
the alignment of the quartz veirs, the foliations,and the intrusives
are disposed in three general directions i.e.(1) N-3,(2) WMJ/-ESE and
(3) ENE-YSW. The rocks of Phandara have three cleavages.or foliation
directions roughly at 60° to each other. According to him these three
directions are broadly parallel to the orogenic trends of the Eastern

Ghats, the Godavari-Mahanadi,and the Satpuras respectively.

From various observations Dhattacharji concluded that the
nressures which induced the orographic axes in the Eastern Ghats,the
Satnuras and the Godaveris have affected the rocks in Bhandara even to
their microscopic texture. Bhattacharji's observations are untenable in
the light of the modern techniques in structural analysis and their
interpretations. In an area, parallelism of the structural trends with
the orogneiec trends in the neighbouring regions need not indicate that

both the trends have developed due to the same forces or they are of

the same age.

In his Memoir on the structure and Tectonics of India,Krishnan
(1261) describes the prevalence of Satoura trend (ENE-WSHW) in the

Nagp®r-phandara region. iccording to him in the exposed patches of
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Pre-Cambrian belt connecting Jabalour-Nagour-Bhandara-Chindwara-Balghat-
Ranchi-Fazaribagh- Monghyr and Gangpur-Singhbhum- the general strike

of foliation is that of the Satpura trend, though rocks of at least
two different ages are involved. The strike varies in different places
from NNE to ENE, It would aspear therefore that two (or more)folding
movements have been superimposed.on each other,‘the trends being the
same or slightly different. The Szkoli sub-belt is comsidered to be the
southernmost part of the major Satpura belt(Holmes 1955). Both the
workers have concluded that the Sakoli orogenic cycle may be correlated

with the Satpnura cycie.

According to Sarkar(1957,58) the major structure of the Sakoli
groun of rocks in the northern region is a synclinorium plunging at
75° due southwest, The sub-vertical flarks of the synclinorium widen
sut considerably towards southwest, From south to north the regional
strike gradually changes from NNW to NNE and finally towards east,
giving rise to an arcuate structural patterp, represented by the trend
lines of the Sakoli orogenic cycle. According to Srivastava(l964),the
northern nose of the synclinorium is exposed in the north-east of
Bhandara and showscomplicated folding,producing compressed synclines
and anticlipes. The incompetent core of the synclinorium showsdishar-

molous cross folding near the nose.

From the detailed structural and stratigrashic study of Northern

Bhandara, Drug and Balaghat districts, Sarkar (op, cit,) has drawn the

e

conclusion that this region was affected by at least three neriods of

diastrophism and by crossfolds,These diastrophic ,ari4ds have heen
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designated as Sakoli orogenic cycle,Nandgaon orogenic cycle,and Khair-
agarh orogenic cycle. The Sakoli orogeny was accompanied and followed
by regional metavorphiem and (first) granitisation. In the NE part of
Rhandara district, towards SI of Gondia the orogenic trend lines vary
hetween NNW and E and towards east and northeast of Deoria and south-
west of Gondia they vary between NNE and ESE where the Sakolis mainly
occur as basement inliers. The Nandgaon orogenic cycle varies between
N 'and NNE, The fold axis of Khairagarh ofogenic cycle is between NNE

and NE,

Sarkar further concludes that, broadly,simultaneous cross-folding
took place with each of the three orogenic cycles as accommodation
structures in a limited space and also to some extent due to control
by the grain basement. Cross-folding continued even after the close of
the last orogenic episode(Khairagarh orogeny)developing locally new sets
of cleavages.

As the northwest strike of the Godavari belt has considerably
controlled the folding of the northeast trending Sakoli synclinorium
giving rise to cross-folds and a triangular area of Sakoli group of
vocks, it is evident that the Godavari orogenic cycle is earlier than
the Sakoli cycle. In ofther words the Godavari cycle is earlier to the
Satpura cycle. On the basis of the geochronological studies of some rock
samnles of the Pre-Cambrian of Penninsular India, Sarkar et.al.(1964,1967)
corsider the Sakolis(1935 m.y.) and Nandgaon(1200 m.y.) orogenies to be
earlier to the Aravali-Satpura orogenies (864-993 m,y.). Further, the

Kh=iragarh orogeny (600 m,y.) is taken to be later to the Delhi
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orogeny{734-844 m.y.). The above conclusions reached by Sarkar et.al,
are very much debatable in view of the unreliability of the geochronolo-

glcal data arovided by few rock samdles of the Pre-Cambrians,

Recent work by Scngupta(1965) on the northestern Bhandara shows
that the Sakoli group of rocks passed through two successive stages of

folding, The first phase Fl involved isoclinal foldirg on the bedding

Q

31 and the development of mineral foliation S2 (axial plane type), Later
folding F2 involving small scale warping of both S1 and 82 develpped
strain slip cleavages 53.'52 with an average strike of N 30° is ucuailﬁ
cut across by 83 striking betwzen ¥ 50° and N 0%

The above account on the regional structure of the Sakoli group of
rocks is largely based on the structural data obtained from the north and
northeast part of the Sakoli synclinorium, As the area under investi-
pation is over 100 Kms, scuth of the above areas, and falls in the south-
western ?art of the Sakoli synclinorium, saparated by a large unmapped
region, it is rather difficult to correlate the same, Based on the
detailed structural analysis(refer 2p.49-68) it has been concluded that
this region of the Sakoli group of rocks, has suffered at least three

fold movements named as F and T _nroducing com>lex fold patterns. The

& g "3F
Pauni bklock of the nresent area shows imprints of she three episodes
of folding where as the Bhiwapur and Gaidongari hlocks were affected

by the later two deformations only., Although the # general trend of

Fl(NE—S”) could be correlated with the regional trend of Sakoli

synclinorium, the other two fold trends Fz(NNW_SSE) and FB(ENE-NSW)

in the Bhiwasur and Gaidongari blocks(lithologically equivalent to the



o
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Sakolié) are rather difficult to compare with those of the Nandgaon
and Khairagarh orogenies of Sarkar. For the present, the three fold
movements are considered as three stages of deformations suffered by
the Sakoli Series in the present area. It is quite possible that F,
and Fq fold movements represenﬁ.successive phases of the same orogeny;

while the F, representsan earlier orogeny.

1
L

3.5. STRUCTURAL ELEMENTS

3.5-1, PLANAR STRUCTURES

Three main types of planar structures referred to as 'S' planes
are recognizable in the rock formations of Pauni-Bhiwapur area. These
planar structures have been designated as S, (bedding planes)and §,
(foliation~schistosity and axial plane cleavages) and 83(5140 cleavage
planes), During the course of the structural study emphasis has been
given on the orientation of Szplanes. Several sets of joint planes
exposed  in the different rock formations also form planar structures,
but these have not been systematically analysed.

1. Bedding planes (Sl) - The primary bedding and compositional layers

in the country rocks fore the bedding planes(Sl). Wherever alternating
deposition of argillaceous and arenaceous sediments have taken place
with marked differences bedding is quite pronounced, The dif ferent

rock boundaries and their general outcrop pattern in the map indicate
the general trend and attitude of Sl' These are the most dominant

structural features in the Younger Sedimentary Formation south of

Pauni described earlier (page 24 ),
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In the Bhiwapur block, the contacts of the two lithclogical units,
phyllites and quartz-phyllite layers,and compositional variations in
the quartz-phyllites(presence or absence of garnet or biotite)suggest
the trend of 5,. The dominant trend of the bedding is along WNW.ESE
with an average dip of 20° - 307 towards both north and south. In
the Gaidongari block, the lithological boundaries of quartzites and
slaty shales give consaicuoussl. The thin bands represented by colour
variation in the slaty shales also provide excellent bedding planes,

The boundaries of the meta-argillites and slates are gradational,

(77)

The two prominent strike directions of S1 in this block are NNMW.S53L
and NE-SW with an average dip of 25° towards north and south. In the
Pauni block S1 is not discernible, as the country rocks are dominantly
of a single lithologic unit-chlorite~quartz-schist,except {or the

sooradic occurrences of grurerite-quartz-magnetite layers.

2, Foliations S, (axial plane cleavages and schistosity) - S, 1s

2
represented by the foliations in schists, amphibolites,phyllites,
meta-argillites and the cleavages in slates and slaty shales, These

are the most dominant well developed planar structure in the area

and are more easily recognizable than the bedding planes, However,
these are less common in quartzites., Wherever folds on Sl planes are
visible in the incompetent rocks the Szplanes are parallel to the axial
plane of folds and hence these have been designated as 'axial plane
cleavages', Tolding of the 82 planes is discernbile on macrosconic,

mesosconic and microsconic scales in the phyllites of Bhiwapur For-

mation suggesting refclding. Apart from the intersection of the
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51 and S, at the closures, the intersections are also observed along
the !imbs of the folds at several places in Bhiwapur and Gaidongari.
The S5 planes exhibit varying trends and fanning within small areas
particularly in the Pauni block, Such a behaviour of the 82 suggests
cross-folding of the formations and development.of axial plane cleava-
ges along with the folds of different deformational enisodes. The wide

variation in the trend of 82 of the Pauni block is due to the three fold

movements suffered by the block,

In the “hiwapur block two major trends of &k foliations are
prevalent (1) E-W to ENE-WSW with an average dip of 60° towards north
and (1i) NNW.SSE to N-S with an average dip of 60° towards north. In
the Gaidongari block two major trends of foliation have been noted
(i) ENE-WSW with an average dip of 50° towards north and (it‘ NNW-5SE
dioping 50° towards east. In the Pauni block, the foliations generally
show variations between NNE-SSW and E-W with average dip of 607
towards both south and north.(HOWever, the most predominating trend
is along NE-SW, In several localities of this block the 82 is highly
variable locally in strike and dip (Map 3) indicating a complex

deformational history. These are further modified by the various

stages of igneous intrusions,

3. Slip cleavages (83) - Sharp refolding of 52 on a minor scale
(microfolds) tends to produce shear fractures which have been dacirnated
by several names e,g.'slip cleavage ' 'false cleavage','strain
slip-cleavage' and 'herring bone structure’ (Bagdley,1961), It first
appears as di:continuopsplanar zones of crenulate mica layers which
define the foliation 82. With intense folding the crenulate zopes

become long lenticular slices of tightly folded and appressed mica
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layers bounded by surfaces along which a perceptible amo..t of slip
has occurred. Similar features have been called microlithons by

de Sitter(19256), The sharp flexuring of the earlier foliation tends to
rotate the platy minerals of the phyllites and schists towards para-
llelism with the new fractures. Turner and Weiss(1l963} describe these
slip cleavages as follows:'" The surfaces of slip are not discrete
fractures but rather laminar doma2’mnsof intense strain. These domains
may become foci of syntectonic or post tectonic recrystallization of
mica,so that ultimately the strain slip structures evolve into
'foliation' schistosity". Bagdley(op, cit) opines that slip surfaces
are discrete fractures,

In the Bhiwapur Formation the phyllites at many places exhibit
incinient 83 vlanes developed by the above process, Megan?pically
these slip surfaces are not very much perceptible. Under the micro-
scope the development of 3, plane with a definite sign of slip move=-
ment along them can be observed ( £ig.13D, However, recrystallization
of chlorite or mica has not taken place along these planes. These
slin cleavages appear to be varallel to the axial planes of the micro-

folds, Some concentration of irom oxide is observed along these planes,

Slip cleavages of a different origin have been noticed in the
phyllites adjoining the Dongargaon-Pahungaon fault,f3,and in the
chloritoid-chlorite~-muscovite schists in the proximity of the Parsori-
Umri fault, f2. They have developed on the megasconic scale and are

definite planes of slip, These are of restricted occurrence in the shear

zones, and they cut across the 82 planes at acute angles, All the
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field evidences indicate that the slip cleavages arc related to the

major fault movements,

3.5-2, JOINTS AND SHZAR PLANES

Several sets of joints and shenr planes have been noted in the
various rock units of the area. Detailed inforration of the joints
has been collected from the Pauni block where pnrover opnortunities
were available to study them in three dimensions in the chromite
quarries and along the Wainganga river. In the Pauni block several sets
of joints and shear planes are observed in the granites,pegmatites,
ultrabasics and the chromite bodies. Since the area has been affected
by at least three stages of deformations, comrlex sets of joints and
shear planes have developed in the region. Cenerally at a particular
place four to five sets of joints are observed, In relation to the
trend of a lithological unit these can be grouped as follows:
(a) strike joints (b) dip joints. (c) bedding joints and (c) oblique
joints, The orientation diagrams prepared for the senarate rock units,
show several maxima with a circular girdle (fig.R-16)Generally the
joints in the ultrabasics and chromite bodies appear to be shear
joints as they exhibit slickensided surface, Many of these shear

surfaces are curviplanar probably caused by rotatioml movemerts,

Average joint set patterns were caleculated for some of the rock
tynes from their respective orientation diagrams and have been summa-

rised in Table 3,

In the Gaidongari and Bhiwapur blocks, four to five sets of

joints in the competent horizons are noticed.Bowever, detailcd work
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CHARACTERISTICS OF ORIENTATION

TABL E-~3

DIAGRAMS OF JOINT Z2LANES

(Gaidongari)

Fig.No. Rock type Mo. of Contour values Maxima  Bearing Strike and dip of average joint planes
poles (percentage) plunge corresnonding to Maxima
Strike Amount of Dip Dip direction

13 Chromitite 87 0.5-1.5- 37 AL 140-220 42 230

2.5=3.5 20 126 34-214 41 304

-5.5 10 180 92-272 80 2

80 228 134 -314 10 44

4 310 32 .21% 86 128

16 336 60-240 74 134

12 Ultrabasics 82 0,.5-12- 30 308 36-218 60 128

2,4-3.6 26 338 70-25C 64 160

-4.8 26 10 1¢D-28C 65 130

39 130 40-220 50 310

38 155 64-244 52 334

14 Granites and - 96 0.5-1 32 70 162-342 50 252

legmatites -2-3 37 110 16-196 54 28¢€

-5 9 103 8-188 84 278

30 132 40-220 60 210

31 29 120-300 60 210

20 11 98-278& 70 188

3 332 60-240 88 150

45 254 160-340 52 0

16 Quartz 67 0.5-1.5- 60 197 110-290 30 2C

phyllites 3-4.5-6 70 41 130-310 1¢C 220
(Bhiwapur)

15 Quartzite and 47 0.2-4 60 52 140-32C 40 230

Metg-argillite -6 61 285 16-1%6 23 106
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on the joints of these block could not be doné, The joint patterns of
quartz phyllites of Bhiwaour block and of quartzites and meta-argillite
of southern part of the Gaidongari block have been summarised in
Table 3.

3.5-3, FAULIS

The Pauni-Bhiwapur area has been affected by four major faults
which form the boundaries of the five differcnt stratigraphic units
viz. the Pauni Formation, the Parsori Formationm, the Bhiwapur Formation,

the Gaidongari Formation and the Younger Sedimentaries.

The Korambi-Nimgaon fault f, trends NNE-33W direction and separa-
tes the Pauni Formation from the Gaidongari and Bhiwapur Formations,

The following are important field evidences to indicate this fault;

(i) truncation of the litholggical units of the Gaidongari Formation,

(ii) brecclation of the slaty shales and the quartzites of the
Gaidongari Formation,

(i1i)sudden changes in the metamorp-ism and lithology of the two
Formations and

(iv) occurrence of quartz veins along the faulted boundary.
The Parsori- Urri fault f2 is of semi-circular pattern forming the

i)
I

boundary between the Parsori Formation and the Gaidonmgari ormation,
Yhen followed from the east it has Nz-SW trend,ard cently curves
towvards WNW-ESE in the west. There are quite good evidences for this

fault such as:

(i) truncation of the Gaidongari Formation against the Parsori
Formation;

(ii) difference in the grade of metamorphism-the low grade Gaidon-
gari Formation in corntact with the high grade Parsori Formation,
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(111) all along the boundary prclific occurrence of auartz veins,which
have been reported to be mineralised by copper sulphides
(Sahasrabudhe’in Roy 1962 a) towards west of the arca near
ular.

The Pahungaon-Dongargaon fault £, trending WNJ-ESE is an

(W]

inferred fault,which forms the tectonic boundary between the Bhiwapur
Formation and the Gaidongari Formation, This has been deciphered on the
basis of the sudden change in the grade of metamorphism and the struct-
ural fabric in the two stratigraphic units, The gencral trend of the
phyllites of the Bhiwapur Formation is WNW-ESE and that of the slaty
shales of the Gaidongari Formation on the other side of the fault is

gene ral Iy NNW.SSE direction.

The Pauni fault fq, forms a bourdary fault between the Pauni
Formation and the Younger Sedimentaries, There are strong evidences
to indicate this fault, along the Wainganga river. The gentiy dipning
Sedimentaries have a high dip along the contact. Further,the strike of

the sediments truncate along the faulted boundary,

Nature of the displacement and net slips of the major faults could
not be determined due to lack of key horizons on either side of the

faulte in the area under investigation.

Several minor faults are noticed in the Pauni Formation near the
Wainganga rivey bank, These faults have nffected all the later igneous
rocks of the area,A fault in th= quarry(GCS) trends- in the NNE-SSW
diraction with high dips towards east (fig.90 ). The displacement is
about a metre. The rock exposures on the river bank near Itgaon show

several closely spaced faults of small dimensions traversing the country
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rocks and the associated intrusives like amphibolites and pegmatites,
Their trends vary within E-W to MW~SE in a radiating pattern (fig.704.
Most of these faults appear to be parallel to the axial traces of
minor folds. The strike-slip of these faults varies from a few cen-

timetre to above 40 cm,

In the quartz phyllites of the Bhiwapur Pormation about one and
a half kilometre M of the railway station few closely spaced faults
were observed , These generally trend in E-W to NW-LE dircection, The

faults have also displaced some of the quartz veins,

3,6, LINEATIONS
Except for the Bhiwapur Formation linear structures (on mesos-
copic scale jare not common in the areca. In the Bhiwapur Formation
the following types of lineations,mostly developed on the Gl planes of

phyllites,are observed,

1. Puckers - Puckers and microcorrugations varying in their wave

length from 1 to 2 mm. on the foliations of the phyllites are often
observed. Two sets of puckers with different plunses are common,while
in certain horizons a third sot is noted. They are all due to flexural
slip folding on a small scale on the foliation surfaces. The oricnta-
tion of the spindles of chlorite with quartz and magnetite inclusions
ard certain elongated duartz grains is nrobably governdl by these
puckers (under the microscope). The averase trends of the puckers are
as follows: (i) NI to NNW with plunges between 40 to 70°; (ii) NE toWNE

with plunges 30 ~ 80°; (11i) SSW to SW with plunges 40 - 70°,
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2, Axes’ of microfolds - These represent the axes of minor Folds

observable in hand specimens, They are well developed in the phyllites
and poorly developed in the quartz-phyllites, The average trend of micro

fold axes noted at many places is between NE and FNE,

3. Mineral lineations - In certain layers of the quartz-phyllites

lineatiors marked by stroaks consisting . clusters of biotite on the
foliations,are well preserved, Thin rods of quartz also exhibit linaa-
tions in some horizons of the quartz-phyllites parallel to their

foliation,

All the types of lineations mentioned above are designated as

b~lineations as they are parallel to the major fold uxes,

In the Pauni arca the shear planes in the ultrabasic and chromite
bodies show slickensided surfaces, This is considered as a-lineation

as it 1is not related to any fold axis,
3.7. FOLDS

From the orientation of bedding planes(Sl) and the foliation
planes (%2) and from the nature of the outcrop patterns (Maps 1 and 2)
it is clear that the rock formations of the arca have been subjected to
Several stages of deformations giving vise to complex: fold patter:s, The
folds vary from macrosconic,mesoscopic to microéz;pic dimensions, The
macroscoplc folds as revealed from the lithological and structural maps
are exposed in the U-shaped and V.—shaped closures formed by the 5
surfaces,

Based on the geometric analysis of the § Planes(described later)

in the different rock formations and amply supported Sy the outeron
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patterns it has been concluded that the area has been folded in three

stages. The first stage fold Fl’ trending NE;SW, has been superimpo-

sed by cross folds F,, trending NW-SE | and F. berween ENE-WS'Y and E-W,

“ -

The cumulative effect of the folds have been resulted in non-plane
non-cylindrical folds on regional scale and polyclinal and reclined
folds on local scale (lian.5).

In tbe Bhiwapur block four major axial traces related to fold F2

have been traced (Map 4). They are curvilinear due tc the crossing of

F, folds. In the south of the block the axial traces trend NNW.SSE

while in the north they veer towards WNW-ESE, The axial traces of F3

have an avarage trend of ENE-WSW, Though parallel they are disconti-
nuous. Due to lack of sufficient data, it was not possible to give
a penetiec nomenclature to the F s and F3 folds of this blo-k,
Several minor folds of both mesasconic and micreoscopic dimen-
sion have been developed in the phyllites of the Bhiwapur Formation;

o

their axial traces being generally parallel to that of Fye The phylli-
tes show well developed kink or chevron folds at some :laces(fig, 57).

In the Gaidongari block a synform and an antiform of F2 system
have been inferred (map 4). The axis of the antiform passes through
Nimgaon-Mahalgaon., A parallel axis of the synform passes through the
middle of the Gaidongari hill ranges, Starting from the scuth, their
axial traces trend NNV to N, which in the north gradually veers

£

towards east due to the superimnosition of the later fold V3.

The youngest fold F3 1s represcnted by a major synform having

an axial trace along ENE-WSW roughly passing through Thana ir the



POLYCLINAL

AND PEGCMATITE BOOIES W THE

FOLDS
BANK=- PAUNI!

WAINGCGANGA RIVER

CHLORITE - SCN/STS

N

'’

“ra gl

'/'j//,ﬂ’
)

o

‘j" 'y,
I\ m

o ,III A
|'|'|| wh

had LEGEND

4 I‘\I\\\\“\‘“

P ax14L TRACE O
K - roios

= FOLIATION

B o#4niTes AnD
PEBMATI TES

n
i
I‘\ll\l'},, ;l'”,h. BE] ewmcomsrr scridy
N 1,00 » 1

X
"",‘I"' 3
i
j

SCALE IN AETER

kl /
v 1
) ".’J

\\
O AN
\\\‘\ \\\\\\\\\\\\\.\
whamaty \\\\\\\\\
\\‘\\\‘ \\\ gl Y i VY
DRI
[T TR ]
\\:‘\\I!\\:‘\\\\ \\‘\\\
" g LR

{ ]
" ,‘ il \
: ot Gy NN
= Vg, A LA Ny
AT L“‘\.‘ LAY \“\\\‘i‘\\\\ *;r"" { ’," f 4t r.rﬁ.' I‘_J"”,,i' .
XN \‘--n\\\“ Vi G R g | L Wi (i ‘r t 7t
eI N Y NN WA Y AR T R WA ".-’“‘_,
S R Y DR DA R A O AR 2
P

C*ON dvi

X1°ON 3IVid



348 =

northeast and Mahalgaon towards west, &s a result of the cross folding
of two synforms of F,and F31ﬁ1“heGaidongari Formation, a 'depréssion'
has formed where the younger varlegated slates and associated conglo-
meratic slates are lithologically bounded from all the sides by the
older slates and meta-argiliites. Simiiarly souch of Khapri,where the
F3 synform crosses the F2 antiform a 'col’ or 'sa@dle' structure of the
quartzites has developed (Map 2 ). Folds on mesoscopic and microscopic
scale have not been observed in this block,

As mentioned elsewhere, in the Pauni block due to the absence of
key horizons and the obliteration of the eariier structure and lithology
by ignenus activities and hydrothermal alterations,ft has rot been
nossible to properly decipher the fold patterns, However, a major
synform has been recognized in the area with its axial trace in the
NE-SW direction. This is sub-parallel to the alignment of the chromite
belt. This axis represents the first generation of folds Fl in the

area, Due to the superimposition of the later two stages of cross-fold-

ing it has been quite difficult to unroll the folds of the first stage.

Several minor folds seen along the river bank have axial traces
along WNW.ESE to NNW.SSE parallel to the axis of the ma jor fold FZ
(¥ap 5). In the quarry No.1l thu mesoscopic folds sbserved in the |
country rocks have axial traces roughly betwecen NE-SW and ENE-WSW, with
their nlunge towards north or northwest which show parallelism with
the major folds Fi o In the same quarry few folded chromite bonds
(fir.p1) have axial trace in the M W-SSE direction,parallel to ¥,

“

folds, A third set of minor folds has axial traces in the NNE-S3W

direction,
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3.8. STRUCTURAL ANALYSIS

For the convenience of structural analysis.the three structural
blocks(Pauni,Bhivapur and Gaidonrari) have been treated Separately,
These three block combined were divided into 13 seciors; the
Bhiwopur block into 6 sectors, the Gaidongari block into 4 sectors,
and the 2auni block into 3 sectors, As the Pauni Formation suffered
severe deformati-rs,and was subjected to successive igneous intrusi-
ons, their original structure and lithology have been much obliter-
ated. The outcrops and exposures of the Pauni Formation are mainly
corfined to three linear tracts covering the nullahs vfver bank and

rry pits ( ‘ap 2,4), This restricted occurrence of the outcrops,

the gua
the complexity of the folds on mesoscopic scale and the absence of
any key horizon in the lithology,made it difficult to rake systami-

tic structural study in the Pauni block,
¥

Conse quentlyl3 ﬂSy pole

o Synoptic diagrams of the

diagroms were prepared along with theq-S
three structural blocks, In addition 6 BSz pcle diagrams of the
Gaidongari and the Phiwapur blocks were presared. The charactari=
stics of all these diagrams are summarised in the tables (45 &4),
The following pages give an accournt of some of the salient struct-
ural featurcs of the different sectors, followed by the synoptic

features of the three blocks.

3.8-1., BEIYWA2UR BLOCK

o o . -
2ector -1 - Sector 1 covers the small semi-circular hills north

of Bhivapur railway station and the adjoining plains,oth phyllites
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and quartz-phyllites are exposed in this sector; their gyvadational
contact forms a V.shaped closure with its spex pointing towards WNW
indicating a2 major plunging antiform fold. The primary bedding S1

is not well preserved. However, the Sl noted at few places varies
between M 290" to N 330" with an average din of 307, The foliation
planes 32, show two peneral trends,N 335%and N 3006with an average
dip of 60° towards north, These are related to F2 folds with certein
amount of rotation caused by later F3 folds. Towards southvestern
and northern corners of the sector, the foliations trend N 65°E which
appears to be related to the axial planes of ?3 folds, The 82 planes
gsenerally cut across the lithological boundaries near the closures;
at other places they are either sub=-parallel or cut at acute angles,
It is quite apparent from the foliation patterns that the F, folds

4

overturned towards south and was cross folded by F..
In the T-S, diagram(fig. 17 )a well developed maximum (20%),
falls in the southwest quadrant. This maximum along with a sub-maximum

to its north in the same quadrant forms an incomplete girdle,Two

great circlas Szn and 82b corresponding to the maximum and sub-

]

maximum represent average axial planes of the F. folds. The elongated
2
maximum and sub-maximum. the incomnlote girdle and the map pattern

clearly indicate regional rotation of 7 folds. The intersection

2
point B of the great circles 525 and 5. b coincides with pole B

£
of them - cirecle, B plunges 522 due N 44° representing the orientation

of the cross-folds. Overall the fold axis is perpendicular to the

average axial planes in this sector,
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Sector-11. Sector Il is situated to the east of Maru rive. and south
of sector IV, 1t is mostly formed of ohyllites with a small outcrop
of quartz phyllites in the southesstern corner. The nrimary bedding
nlanesg 31 are not well preserved. The general gradational contact
of the rock units aenerally trends inNNW to ¥4 on the northern part,
while in the southern part it forms a broad closure whose apex points
towards north.

The foliat‘on planes 82 show variable trends in this sector,

They generally trend N 330° in the northwest,but when traced towards

?,and

w

southwest they show clockwise rotation towards N 300°,H 2
N 65" in the southeastern corner. The 32 Planes vary in di> from 45°
® towards north,east-north -east, cast and northvest, A few
snutherly dips are also ohserved, Although the general tyend of the
foliations is related to F_ folds but due to superimposition of
later fold F3, these have suffered rotation of about 1807,

In theT[-Sz digram (fig.B)an elongated wall developed maximum
and two small maxima occur in the southwestorn quadrant, A eonznicuous
sub-maximum has developed in the north-westorn fuadrant, They toge-
ther form an incompleto wide cirdle, The inclined great circles
5231,3232,32n?, Szbl, szz,corresnondinﬁ to the maxim= and submexima
represent the average axial alanes of Y5 and F, folds and their

3

limiting positions in this seator,

The £ obtained from the intersections of the great circles

of Sy and the corresponding'g-diggram having several maxima and
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sub-maxima with an inclined nirdle indicate divergently plunging fold
axis, The wide distribution of maxima and submaxima are nartly due

to complexity of folding and »artly duec to irregular distribution of
structural data observed in this sector. The comslexity of fold nattern
1s & due to superimposition of the cross folds F3 on the earlier

&2 folds,

Segtor -JJI. Sector 1I1I represents a triangular area south of secctor V
and west of the Maru river. This Sector consists of the ~uartz-phyliites,
the iron ore bands =nd the shyllites, Primary bedding olanes 81 are
not well preserved., The trend of the lithological units in the rocks
has been regarded as Sl which varies between 7-V ta ESE-WNV, In the
major part of the sector the average strike of foliation (82) varies
between N 20°W to N 50°V, it certain localities in the centre of the
gector a N-3 trend is alsa present. In the southern end of the sectar
an E-7 trend of folistion is observed locally. The 82 plancs show a
variable din of 507 to 80° mainly towards north. It 1is fquite evident
from the general map pattern that the 82 planes cut across the
“uartz-phyliite boundaries with acute angles, Turther the 32 planes
in the northern and central part of the sector also show cross-cutting
relations.This may be duec to the sSuwrerimposition of oblique cross
folds F2 and F3.

In tb@TESZ dicgram (fig, 19 )two pronounced maxima and submaximn

in the southwestern quadrant form a girdle, Three great circles

(3231’5232’ S2bl) corresponding to the twe maxima and a sub-maxima

f
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renresent average axial planes of Fj while the Szbzreprasents the
average axial plape of F3. The incomplate girdle and elongated
maxims suggest regional rotation of the Y9 folds overturning
towards south. The polec of the feircle B falls in the centre of g
triangle formed by the intersection of the various great cireles,
Its plunge,49° due N 11°,represents the average plunge of the cross-

folds in this sector with limiting poeitions between N 300° - W 45°,

Sector -1V, Sactor IV represents the area south of sector VI and
east of the Maru river. It is largely comprised of quartz-phyllites,
The primory bedding Sl 1s not well preserved as in the earlier
Sectors, =nd the general trend of the outcrop pattern and the gra-

dational contacts have been considered as 3 These gencrally

1
strike in NNW.ESE direction, The prevalent foliation trend S, lies
between N 310° to N 3607, with 40° -60° dips towards east, The 8
cuts Ex across the 31 at an acute angle at scveral places, When
traced from west to east the S, changes from NW-CE NNW-SSE and
firally to ENE-WSU, in an anti-clockwise direction. The predomi-
nant foliation trend has heen influenced by the axial trace of E;
folds, trending VNW-33E with some TLanning and rotational influence
of FS folds,

The 5 diagram(fip, 20 )shows a maximum in the southwest
quadrant flamked by two elongated sub-maxima on either side, with

2 tendency to form two incomplete girdles, Consequentliy the two

inclinedqccircles(ﬂi andle)passing through the maximum supgest
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Tegional rotation of the F2 folds which appear to be overvturned
towards west. Three great circles Sy ,Szb' and Soby correspording

to the maximum and submaxim~ represent the average axial olanes of

the Fz folds in this sector and the limiting positions of their rotation.
The voles B 1and By of the incomplete girdlcs(ﬂland mocircles)coincide
with the intersection points Sza with Szbl(gl) and with Soby (B;)
respectively. Thus the axes of the folds »lunge divergently in 44° due
110° and 45° due N 1807, This is further apparent from the corresponding

Ediagram(fig.23 Jshowing a girdle with two pronounced maxima and

several submaxima.

Sector V., Sector V consists of the phyllites exnosed near Dongargaon
forming smal® hill ranges. The Maru river forms the eastern boundary
of the sector. As primary bedding planes are not observeble in the
phyllites, the general trend of the fornﬁtion may be taken as Sl,
which strikes Z-V ( £10°), In the northern half of the sector, the

the foliation nlane sttrikes N 290° with an avernge dip.of 507 towards
north, In the southern part,.the 55 planes strike between N 65° and

N 90° dipning 50° - 60° both towards south and north. The two trends
form a V shaped closure.An axis of F3 fold trending in N 290° with
bend pointing towards east vasses through Dongargaon hill, Another
trace of Fy fold trending N 100° occdpy the centre of the sector,
Minor folds, microfolds and slip cleavages(fig.D5Fdeveloned on the

82 nlanes are observed at several places in the sector,



TheTESZ pole diagram (fig. 2D shows one pronounced m-~ximum in

in the south-western quadrant with a sub-maximum in the south-castern
quadrant formang an incomplete girdie (g-circle), Two great circles
(refrrred to as S2a and Balr in fig, 31 ) corresponding to the maximum
~nd submaximum reprosent the average axial planes of F2 folds on thea
northern and F3 folds on the southern part of this sector. The elon-
gated maximum and the incomplete girdle suggest regional rotation of
F, folds due to cross-folding by superimposed F3 folds. The fold axis

pole of geircle) Hlunges 50° due M 197E., B does not exactly coin=
cide with.g’the intersection point of Sza and 32b1. From the dispo-
sition of the maximum and sub-maximum and 7 it is evident that

overall the fold axis is perpendicular to the average axial plane

which is overturned towards south.

Sector VI. Sector VI represents the area south of the fault f3

and east of the Maru river with the hills forming the northern parts
extending from Pahungaon towards southeast. The phyllites form the
only lithological unit in this sector. As in the previous sector, the
bedding planes S1 Are not noticeable., The generel trend of the
formations is WNW.ESE, The foliation »lanecs strike N 20°W in the
northwest, but when traccd towards southeast, thecse show articlock-
wisa rotation towards N 80°E, The 82 planes have an average dip of
507 towards north. Two major axes of F3 folds trending N 80" have

been decinhered towards the southeastern rart of the sector,

TheT[-Szdiﬁpram (fig.22) shows two nronounced maxima(17%),



These maxima glong with a submaximum in the same sc&thwestcrn quadrant
form an incomplete girdle. Two great circles Szaz and €2k corresponding
to one of the maxima and submaxims represent the average axial traces
of the F, folds on the northwest -nrt of the sector. The great circle
S2al corresponding to the other maximum,fepresents the average axial
plane mainly observed in the southeastern part of the sector. The

elongated maxima and submaxima, and the incomplete girdle suggest

regional rotation of the ?2 folds due to the superimposing F. folds,

L

In general the folds are overturned towards snuth.

The intersection point of the great circles 8,coincides with
8 (F3) which plunges 48° due N 18°E, It reoresents the overall orien-
tation of the F, axis of the large scale flexure on 7. fold axial

plane. Here apain, as in the Vth sector, the average strike of the

axial olene is nearly perpendicular to the trend of the ¥, fold axis.
|

Synoptic character of Yhiwapur block

The Synopti01[-82 diagrams(fig. 27)of the whole area shows a

the [=08

strong maximum (107) and a sub-maximum (8-107) in the southwestern

w

quadrant with an incomplete wide gridle, The inclinad rreat circle (s b
; i 2
corresnnnding to the maximum gives the orientation of the average

axial planes(N 120° -N 300" dipoing 52° towards .northlof fold

F, A F

3¢ The inclined great circle (Szb) corresponding to the sub-
maximum represents subsidiary average position of the axial plane
of the F2 fold (N152°-N 332° dipoing 58° towards north) in certain

sectors, The pole of the M-circle represents the fold axis 3,



=457 i=

The intersection point 3 of Sza and 52b nearly coincides with B,

thus suggesting that the average 3 axis or axis of cress folds(F2 F3)
nlunges about 50° due N 16°. For the purpose of comparative study
maxima and sub-maxima of TESzdiagrams of all the six sectors were
‘drawn separately on projection diegrarg(fig.26,2g8)From the corres-
ponding Tcircle passing through the maxima R was determined,which

nlunres 50° due N 182, This almost tallies with the B}kﬂﬂyed in the

synontic diagram. The B derived from the correspording sub-maxima
T circle nlunges 497 due N 417, The average axis of the cross-folds

is sernendicular to the axial nlane of the folds,

From o systematic comparison of selective and synoptic diagrams,
the tectonic maps and the structures of the adjacent Gaidongari and

Pauni blocks, the following conclusions are drawn: (1) ThePhiwapur

3

block was affected by two stages of folding F, ard F,. {(2) F

9 30 folds

2
are dominating in this block, Their axial planes vary between N 3002
N 335° dipping 52° towards north. The fold axes plunge divergently
between N 40°N-120°, The folds are generally overturned towards south,
The rotation and complexity of the szolds are due to the superimpo-
sition of the later F3 folds. The average F3 axial trace as obtained

bv ..  connccting the F3 fold hinges penerally trend N 70°-N 2802,

with their axial slanes dipning 52° towards north, (3) Lack of
narallelism of Sl and Sztrends and regional considerations auggest
that the resultant of the two folds is reometrically of non-plane
non-cylindrical type. The discordant relation hetween the axial plane

and the fold axes gugpests that largely the folds are reclined tyres



on the local scale , (4) The orientation of F3fold axig hys been

controlled by the vre-existing form surface of F2 folds, These F3

axes cannot be unrolled to horizental for structyral analysis because
they were developed on altready irclired form surface and so were
initially tilted(Cf Weiss,1954), (5) The imprint of the Fy fold 1s
well preserved in the relatively competent quartz-phyllites whereas
in the incomsetent phyllites the influence of the younger fold FB is
prevalent. Lapham and Mellague (1964) have reporkted a simiiar occurr-
ence from the Glenarm scrics, Haires . Brook ares,?ennsylvania, Here,

the more competent and brittle,impure quartziteshgve preserved the

Slqszorientations whereas, 53doninates  in the less competent,less

homogeneous mica schist, It can he noted from the map & that the
major axial traces of szolds show a rotntion towards the F3 trends,

- 3.8-2, GAIDONGARI BLOCK

Sector VI1, Sector VII covers the Area on the western side of the
Gaidongari hills(Map 1,4) from Nimgaon to about 1/2 Km. south of Kheori,
Slaty shales,quartzites and argillites are the main rock tyses
exposed in this sector, In the norihern end of the sector the quartzite
horizon for-s » U-shaped closure aprroximately pointing towards west
indicating a plunging fold, T't abruntly pinches out towards north and
south of the clogure, rimary bedding Sl is observed in the quartzites
and banded slaty shales. It renerally strikes in N 20°E to N 20° ¥
dipeing both towards cast nd west. The foliation or cleavage  Hlanes

S, observed both in the quartzites and slaty shales trend between
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on the local seale , (4) The orientation of F_fold axis hs been

3

u

cortrolled by the pre-existing form surface of F2 folds, These F3
axes cannot be unrolled to horizontal for structyral analysis because
they were doveloped on altready irclined form surface and so were
initially tilted(Cf Weiss,1954)., (5) The imprint of the Fz fold is
well preserved in the relatively competent quartz-phyllites whereas

in the incompetent phyllites the influence of the younger fold F_ is

~

»

prevalent. Lapham and 'lellague (1964) have reported a simiiar occurr-
ence from the Glenarm scries, Haires . Brook area,?ennsylvania, Here,
the more competent and brittle,impurc guartziteshave preservaed the
Sleszorientations whereas, S3dominates 1in the less competent,less
homogeneous mica schist, It can be noted from the map & that the

major axial traces of szolds show a rotation towards the F3 trends,

2 3.8-2, GAIDONGARI BLOZCK

Sector VII, Sector VII covers the area on the western side of the
Gaidongari hills(Maﬁ 1,4) from Nimgaon to about 1/2 Km, south of Khapri,
Slaty shales,quartzites and argillites are the main rock tyses

exposed in this sector. In the northern end of the sector the quartzite
horizon forms a U-shaped closure npnroximetely pointing towards west
indicating a plunging fold, Tt abrustly pinches out towards north and

sourh of the closure. Primary bedding S, is observed in the quartzites

1
and banded slaty shales. It penerally strikes in N 20°E to N 20° U

dippinp both towards wast and west. The foliation or cleavage  planes

S, observed both in the quartzites and slaty shales trend between
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N 355° €o N 325° |with an average dip of 50° towards essi:, The latter
trend is more g¢onsaicuous towards the eastern 2art of the sector., Near
the closure of the quartzites 82 cuts across 31. The nature of out-

Crop pattern and the general trend of SI'and 82 confirm an antiform
of F, fold system, The axis passes through the quartzite in N 340° |

taking a turn towards northeast near the closure. An axis of F3
(synform)cross-folds trending cast-west crosscs the closure, The

crossing of the antiform of F2 by the synform of Fq has produced a

'col! or saddle structure (3an 2)

T -8, diagram sresents two pronounced elongated maxima(16%) in
the southwestern quadrant forming an incipient girdle (T -circle),
The corresponding great circle 32a1 Tepresents the average axial
2lanes of Fz folds overtunred towards west ,while S.4 gives the

272

o

average axial plane due to regioral rotation and cross folds F
which are overturned towards south, The intersection point P of the

two great circles(bzal and Szaz) coincides with the fold axis 3(?2).

P has a plunge of 47° due of 47° due N 68° (Fin.29),).

Sector VIII This sector covers the area north of the fault f2 which
ferarates the Gaidongari Formation from the “arsori Formation, Chlo-
rite muscovite schists are the chicf rock types exnosed in the sactor,
Though these schists form a sesarate lithological and stratigranhic
unit fgom the Gafdongari Formation but due to their stractural kinship
with the latter,they have‘nangrouped within the Gaidongari block

for structural analysis, The primary bedding planes(Sl) in the
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Schists are quitc rare; the general trend of the formatians has been

1

=

considered as Sl. It varies from ME-SW in the ecast to WMI-ESE in the

L

wast, In the eastern part of the sector the foliation 2lanes S2 show
a pgeneral trend in E-W with an average dip of 50 towards north, A
few southerly dips are also noted, Zut when traced towards west the
32 gradually shows a clockwise rotation towards N 300°, The 52 planes
cut acrosg the S1 towards cast,but they becoma. sub~paraliel in the
west,

TheTE-S2 diagram (fig. 31 )dhows » pronounced maximum in the
south ard a sub-maximum towards the southwestern quadrant., They

together form an incipient girdle (71-82).The elongated maximum and

th

©

incomplete girdle irdicate regioral rotation of earlier folds F2

due to cross-folding Fy. The intersection point8 of the great eircle

A o

S,a and ’Zb representing average $,3lanes corresponding tn the maxi-

Z -

mum (307%) and sub-maximum (12,5%), coincides with the fold axis b ?3)
The fold axis plunges 50" due N 348°, The folds are gererally overturned
towards south., Thz overall trend of fold is nearly periendicular

to the averapre strike of axial planes,

Sector IX, Sector IX covers the snuthern part of the Gaidongari hill

in between Sector VII and fault fl' Major part of the sector consists

of meta-argiliites and slates, In the north variegated slates are

exnposed, These units form a U-shaped closure with its hinge pointin

o

=]

towards south, Supzesting a plunging fold, The primary bedding S1 is

observed at few places in the meta-argiliites and slates and shows

U

variable trends with low dips. Generally two trends,sne a2 NNV and
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the other ENE to FE, parallel to the limbs of the closure are common,

™=
i+

The nature of outcrop pattern corfirms a synform of F, fold in

this sector with its axial trace trending rouphly N-3, The predomi-
nant foliation [ lanes S? trend roughly along E-W with an average

din of 55° towards north; subordinate trends are ohserved in the

2,

ENE.WSW with dips of 50° - 65° towards north--S2 cute across 51 2t
various angles, In general the 32 follows the trends of EB folds 1in

this sector,

In themq -82 diagram ( 33) a dronounced maximum (17%7) occurs
in the southern sector. The maximum along with two sub-maxima(10-13%7)
forms an imperfectvgirdle(ﬁlcircle). The great circle Sza correspond-
ing to the rmaximum represents the average axinl plane of the F3 Cross-
folds, The preat circle Szb, correshonding to the maximum gives the
average axial plane of FZ folds after regional rotation due to cross

folding, Other great circles Szbzand 5, b3reoresent the intermediate

2

o
(53]

positions, The intersection point of the great circle Sza,Szb and

Sobg coincide with the folg axis ﬂFB. B has o plunge of 480 due N 34°,

This is further corroborated by the correspondine g diﬂgrnn(fig."')

with a pronounced maximum,

Sector X, Sector X includes the northern half of the Gaidongari hills,
The sector comprises of slaty shqles,meta—argillitcs,slates,variegated
slates and conglomematic slates, The variepated slates and conglomera-

tic slates form an oval shaped closure, part of which lies 1in sactor

v 7 ~ - .
IX. The Dl clanes with variable trends are often observed in tho
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slates and phyllites. These generally vary from N 55° to ¥ 110° with
boath northerly and southerly dios at low angles. In this scctor the
closure of the beds is duc to the intersection of two major synform

fold axes of 32 and F3 forrming a 'deprassion' (map E;LJ, The axial

g

trace of 'F2 synform trends in NNE-851 diroction. The change of the
trend from M-S (as observed in sector IX) tc NNE-SSY is due to the

affect of the F, cross folds, The axial trace of younger fold F

5 2

(synform) trends in ENE-W3Y direction. The most common strike of the
foliatior olanes S, 1in the sector is ZNE-WSW with an average dip of
60° towards rorth, In the northern part of the sector the foliations

din largely towards South, Throughout this szctor 32 planes intersgect

the Sl planes at various anglaes,

The'w-S, diagram (fir.33) cortains a well developed maximum

4
(227} in the southeasterr quadrant forming a wide incipient girdle.
i sub-maximum is developed in the northwestern guadrant. The Sza

and 82b great circles corresponding to the maximum and submaximum

represent the average positions of axial planes of the F, folds., The

8
average fold axis B (as obtained from the pole of the #rcircle)
has a plunge of 60° due N 339°. The pronounced maximum and the
submaximum in the opposite quadrants, the elongation of the maximum

and submaximum and wide incipient girdle give the limiting positions

of the cross-folds F3 developed on F2.
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SYNOPTIC CHARACTERISTICS OF THE CAIDONGARI BLOCK

The synopticy —32 diagram (fig.36$of the Gaidongari block shows
a well formed maximum (157) towards south. Two sub-maxima(107 and 47)
are developed in the southecastern and southwestern aquadrants resyecti-
vely. A third sub-maximum (67) is noticed in the northwest suadrant,

In peneral the g-diagram has a tendency to form a cleft girdle, The

inclined great circle(Sza) corresponding to the maximum rives the

=,

orient~tion of the average axial “lane of fold 93 trending E.T
and dipring 407 due ¥. The inclined preat circles 3,b,and S5b,
corresponding to the submaxima renresent subsidiary mean position

slanes of the ?3 fold., The preat circle 82bq corresponds
to the sub-maximum represcnting the average axial plane of F2 folds

in some sectors of the area. The pole B of the Teirela represents

o,
o
»
1o
5]
D
h

the averapge fol 3° The intersection point 8of the great

circles Szn, SZbl and 82b3 coincides with 7 sup~esting that the avera-
E

)

ge D axis of the cross folds slunges about 42° duc N 322,

The fold axis 7 derived from tha ¢

e

rcle formed by the maxima
of the four sectors combined (fir,38) has a plunpge of 46” due N 30°,
similarly; the fold axis 3 from the submaxima of all the sectors(fig, 37
gives a olunge of 46° due N 247, The characteristice of the various
diagrams have been mentioned in the Table 5.

The followipg conclusions arc drawn frok a systematic compari-
son of selective and synoptic diagrams and the tectonic map of

the Gaidongari block,
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(1) The Gaidongari block has been affected by twc stages of folding
terred F2 and F, folds,- the same fold movements which have affected

the Thiwapur block, (2) F3 folds were suserimdosed on the esarlier

formed FZ folds, The F, folds are more pronounced towards north and
3

northeast of the area while Fz is more eornsnicuoustowards south and

southwest, The average axial plane of F3 varics between N 6C” to 907

dipring 50° to 60 towards north indicating that in general the folds

are overturned towards south., The F3 fold nxis gencrally plunges 507

to 60° between N 35° to ¥ 3407, The averare axial >lane of F2 varies

between N 320° te N 307° dipping almost £0° towards north. There is

genaral lack of parallaliemof Sl an:d 82 ard they intersact at acut=s

angles, (3) Two major fold axes,gn antiform and a synform of F, folds,

and a major synformal axis of F3 fold superimposed on the FZ folds

have been establishod in this block. In the northeastern part of

the blockg a well develonediderression' is noted. & ‘colbe or saddle!

is observed towards NE of the block due to intersection of antiform

of F, and the synform of F

2 folds., (4) At »laces the orientation

3
of the ?3 fold axis has been :artly controlled by the pre-cxisting
form surfaccs of szolds. (5) The forces responsible for the FB folds
were stronger in the Geidongari Formation in the north and their
cffects gradually decreased towards south, (6) The resultant fold
structure of the two folds is geometrically nor-nlane non-cylindric
e,

3.8-3. BAUNL BLOCK

Sector X1, Sector XI covers a lincar tract along the right bank
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-52 poles - Sector XI

-S2 poles - Sector XII
-3, pPoles - Sector XIII
Synoptic diagram ' 32 poles of Pauni block

Synoptic diagram of submaxima ( -S_) of the three sectors
2
in Pauni block

Synoptic diagram of maxima ( '52) of the 13 sectors of
Pauni Bhiwapur area

See Table 6 for other details
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of the Wainpanpa river, including part of its bed(may 4 )extending
from the corfluence of Upashya nul ah in the north to just south of
Pauni town. In this sector numerous ex‘osures of pranites, egmatites,
amphibolices and ultrabasic hodies are associated with the chlorite
schists, “rimary bedding plancs (Sl) could not be decihered in this
sector. The foliations(sz) are well developed in the chlorite schists,
less common in the ultrcbnsics‘and am>hibolites and rurely observed
in the grarites. In the northern sart the general trend of the foli-
atiors varies from NNI-SSU to ENE-WSW with an average dip of 65°
towards north. At many places foliation trends vary towards N/-ZE
and N-S directions with bigh dips towards northeast -nd east. Locally
several other trends of foliation are ohserved. This diversity of foli-
ation which is also noted in other sectors of this block, iz partly

due to the three stages of deformation(reforred to as F.. ¥F. and F3)

TS

and nartly effected by the different stages of igneous +ntrusions,
This has nroduced comnlex tyne of folds, The detailed plan(Map 5 )

of an outcrop of the sactor shows the comdrlexity of the fold styles
(polvelinal and disharmonious tyoes) with diverse trends in fo'd
axes and axial slares, Tased on the attitude of the foliation i.e,
their converpent trends and oponsite diﬁs é rajor synform with axial
trend ENE-WSW has been predicted.,

The n-Sz dirgram(fig. 39)includes a maximu(10%) in the sauth-

eastern quadrant. This,together with several submaxima shows an

incomplete cleft girdle suggesting a complex fold pattern in this
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Sector. For convenience of interpretation two n-ci“ules(ﬁl and ﬂ?)
passing throust the maxima and submaxima have been draw . The poies
of these circleSﬂianﬂ;z ’Bl,Bz have plunces 49° in N 248 and 38%in
N 129° respectively, The intersection points (2) of the great

i - and S S S 5 a & b es ding to th
circles Sza 3 a1 ozbl,ozbz, J2b3, 52b4 nd D7b3 corresponding to the

<

maximum and submaxima show diverpent plunges(amounts ranges from

0 to 50°). The details of the gand 0 are summarised in the Tableg,

Sector XII, Sector XII comprises a linear traet along the U;ashya
nullah extending for about 3 kp, from the Vain anga river to the

foot of Gaidongari hills, The chief rock type is the chlorite-

Auartz schists with numerous bodies of amphibolites,granites and
pegmatites, A few ultrabasic bodies are also observed in this

Sector. As in the Sector XI foliations 32 are well developed in

the schists and less common in other rock units, The predominant

trend of foliation is in NE-S% direction with an average dip of

60° (varying between 30" to 80°) tow-rds south,althouph nortnerly dips
are not uncommon, Variation in Erends of the foliation between N 30°

to N 80° ig observed at many pointg,

The ﬂ-SZ diagrnm(fig.‘*o)shows & pronounced wide maximum(12%)
ir the Nv quadrant and a well developed sub-maximum(107) 1p the SE
quadrant, The elongation of the maxima and submaxima forms an
incomplete girdle (ﬂl-circle), With their Spreading along two
inclinad incipient girdles(ﬂZandﬂﬁcircles). The naturs of the maxian

ond submaximn confirms the Presence of at least two system of foldg
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(F1 and F3 ) intersecting each other, The corvesponding preat

circles Sﬂl, -2 1’ 2 o> Tépresent the mean position of “xial planes
of the folds, The variations are partly due to rotation of the fold
axis by cross-folds and partly due to emplicement of igneous intru-

Sives as in the Sector XI,

Sector XIII, Sector XIIT1 represents a rectangular area south of
sector XII covering most of the chromite quarries. In this sector the
chief rock types include the ultrabasics with the associated chromite
deposits, the amphibolites, the granites and Pegmatites,and the chlo-
rite schists, The alignment of the three isolated quarries trends
ENE-WSW which probably represents the axial trace of 4 major synform
fold(map 4 ), Several small scale simple and complex folds are obser-
ved in the chromite quarries, The Jsredominant trend of foliatior is
Z+W with an average dip of 50° due South. There is wide range of

varistion in the trends and dinp of the foliation in this sector,

The correSﬂondingﬂ?Sz diagram (fig. 41 )shows a maximum(7% )
with several submaxima forming a cleft girdle indicatin- the
complexity in the fold Pattern, Based on the elongaticn of the maxi-
mum and a Sub-maximuma, three ncircles p1 5 2 andy 3 have been drawn,
=
#0% £a W 272 4 62° in ¥ 110" respectively, Tha intersection

a £ - < ; " :
Polnts of the great circles, 823, 5, 1,82b °2b3 »Corresponding
to the maximum and submaxima show divergent olunges, Thig further

corfirms the complexity of fold styles in thig Sector ,which is

b 1 n » .
"12 S and ®q Corresponding to these circles have Plunges 506° in N 102-

]
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as mentioned earlier mainly due to the three stages of deformation
F2and FB and partly due to various stages of igneous activities,

F
¥1s

The details of diapraws are summarised in Table 6 ,

Synoptic character of the Pauni biock

The synoptic n-S2 diapram(fipg, 42) of the Pauni block shows an
elongnted maximum(6%) in the northeast quadrant. There are several
sub=mexima (47 and 3%) with a tendency to form a cleft pirdle, The
inclined great circle 323 and SZbl dipning 66° in N 136 and dipping
64° ip N 308" respectively correspondinz to the meximum and one
of the submaxima represent the orientation of average axinl »nlane of
the earliest folds Fl. The preat circles 82b2 and 32b3 corresponding
to the other sub-~maxima »robably represent the average position of

the axial planes of F. folds,

2
The inclined great cirele qua (dipping 62° in N 166)
2 :
corresnponding to the submaximum represents the average axial nlane

position of the superimdosed F3 fold.,

The pole Bl of the m-lcircle represents the fold axis FB. The
intersectior point B8 of the great circles 523 and Szbl coincides
with Bl, Suggesting thet the averape axis of the cross-folds
nlungges 61° due N 171, The pole BZ(F3) of theT2 circle has a
plunge of 50” due N 53°,

From the two - circles formed by the submaxina of the three

sectors combined, two fold axes were determined for comparison with

the earlier findings, The former has a plunge of 40° due N 2617 and
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the latter plunges 60° due N 1137 (for details refer Table6 an' fig.43)

From a comparative sfudy of sclective and synoptie diagrams and
the tectonic map of the Pauni block, the following conclusions have
been drawn: (1) The Pauni formations werc affected by three stages of
folding 7y Fzﬂnd F3 folds. (2) The fmprint of Fl fold (N 30-507)

is dominant in this block, while the cffocts of the youncer folds F2

and F3, especially of the former,are leoss conspicuous.(3) There is
great diversity in the trends and dip of the foliations 82 and the

corresponding fold axes,which are mainly controlled and conditioncd

by the various stages of folding and igncous intrusions, This has
produced complex styles of folds of non-plane non-cylindrical,dis-
harmonic and polyeclinal types (Map 5 )., (4) The ultrabasics are
associnted with the first ~hase of Fl fold movement, In the Pauni
region, the ultrabasic intrusives have heen mainly controlled by the
axis of a major synform having a trend between NE-SU o LNE-TSW, (5) The
acid intrusives (granites and pegmatites) were emplaced during the last
stage of the Fl fold movements and the basic intrusives followed in

between the ultrabasic and the acid igneous activity in this block,

3.9, TECTONIC HISTORY

On the basis of the detailed field investipations of the
different structural elements, their interrelationships and their

geometric analysis with the help of seleetive and synoptic S, and 2

2

diarrams of the different sectors, the following conclusions

regarding the tectonic evolution of the arca have been drawn:
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Development of the Pauni basin(may be part of a geosynecline) with
deposition of the rocks of the Pauni Formation,mainly ferruginous

clays and occasiorally fine sands,

Development of the first stage fold movement (Fl) generally tren-
ding NE-SW by stress couples probably acting along NU-GE, Due to

lack of any prominent competent layers,rarity of primary bedding
plancs Sl’ complexity of deformation produced by later fold movererts

(F, and F

2 ),and modification and mobilisation of the S. planes due to

3 2

igneous activities, it was not possible to unroll the Fl folds to

their horizontal position, and to decipher their kiﬂgmatic history
During the early phase of the FL movements, emplacement of ultra-
basics (including chromite bodies) took place as linear parallel
lenses, mostly concordant along the weak zones of the country rocks
following the predominant trend between NE-SW to ENE-1SW, In the
later ohase of the same fold movements acidic intrusions (granites
and pnegmatites) and permeation of the country rocks by quartzo-
felspathic solution (migmatitisation) took place anlong the weak
zones of tha country rocks, In betwecen these two phases basic

rocks (now represented by amphibolites) were intruded mostly as

concordant bodies,

Formation of independont basins of Bhiwapur and CGaidongari recions
and deposition of mainly pelitic to semi-pelitic sediments with
occasional layers and lenses of psammitic and ferruginous sediments,
ﬁo;t probably another basin (Parsori) was formed with similar
deposition north of Gaidong:ri with its southern fringe lying

within the area studied.
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Development of F2 folds along N-5 to NNW-SSE by stress couples
probably acting in directions bectween NW and ENE.WSW, These fold
movements were more intensive in the Bhiwapur region and gradually
decreased towards north and northeast., This stage of folding gave
rise to a major antiform and a synform in the Gaidongari region and
a series of alternating synforms and antiforms in the Bhiwapur
region, These folds are generally ovarturned towards south and south-
west, Thelr average axial planes dip 50°-60° towards north and

north-east with their axes plunging at 40° to 607 towards east,

Deve lopment of F3 folds superimposed on the earlier folds with
their trends generally lying in between E-"7 to ENZ-WSW by vertical
stress couples acting in the north-south directions, This fold
movement was more active in the Gaidongari region, than in the
shiwapur region, ‘he cumulative effect of different fold moverents
caused the formation of com.lex folds in Pauni,Bhiwapur and Gaidon-
gari areas., The deformation F3 causcd the formation of a major
synform (¥hapri-Thana synform) in the Gaidongari region and a

series of en echelon folds in the “hiwapur area, generally plunging

towards north, The crossing of the Khapri-Thana synform (F3) with
the Gaidongari synform (F,) gave rise to a 'depression', A 'col’
or 'saddle structure' has developed near Khasri where the F3
synform crosses the antiform., Folds like non-nlane nor-cylindrical,
nolyclinal and disharmonious types are not uncommon

The axial nlanes of carlier folds have considerably been da&lected

and rotated from their original dispositidn due to the later

fir By
F3 ‘old
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7. The orientation of the FB folds was controlled and conditioned by
the pre-existing orientation of 5., plancs, relative competency of

&

the rocks, and partly by the nature and dircctiorn of the stresses.

8. In the later phase F3 deformationg gave rise to three major faults
(£,,f, and f3) forminrg the tectonic boundaries of the Pauni, the

2arsori, the Gaidongari and the Shiwapur Formations.,

9. Though the gencral trends of F2 and F3 are nearly normal teo each
sther, their variable intensity within a small region suggests that
these movements might represent successive phases of 2 sinrgle oro-
genic cycle, Detailed structural analysis of the adjoining areas,
particularly towards west and north,may corroborate the sbove cone-
clusions, Further, such a study would help in correlatirg the
tectoric history of th: present area with that of the 'Sakoli

Synclinorium' in the north as established by Sarkar (1957),

10, Finally, at a2 much later period(probably during Gondwaras) davelop-
ment of a small basin in the southeastern regior of Zauni took place,
with the deposition of sands, grits, pebbles and mud and silt. Their
gentle deformation (uplifting, tilting and some dislocatior) . with
the concurrent development of a maior fault (fa) on the northern
borders was the last episode of tectonic history of the present

ares,



This chapter deals in some detall the petrography of various rock
tyres of different formations mct in the area., The descrintion of the
rocks has benn followed in the order frorm the oldast formatior 7.o,Pauni
“ormation to the youngest,i,s, the Younger Sedimentarias, Their field
descristion and major classificatinn have been dealt in Chanter II, Fere
the merascoplic and microsconic characters of the individual rock units
have been discussed,the latter includes the texture structure,minera-
logy ,and their modal analyses wherever possible. The netrominsrelopical

characters of various rock tyses of the area have been summarised in

Table 7.

4.1, PAUNI FORMATION

4,1-1, CHLORTTE.SCIISTS(LARGELY YIG AT ITISED)

Uegascopic Characters. The chlorite schis“s which are larcely

misuatitised present a striped apnearence havine dull olive graen to
brownish preen layers of flaky chlorites and minor amounts of biotite,
alternatine with continuous or discontinuous layars of whita quartzo-

felsnathic material, The schistose character is well preserved in most

il

i

of the specimens, Cenerally these rocks are soft due to weathering and
the layers are casily separatle. The felspathic material is alterad in
most of the samples. Some specimens show a gneissic character with
alternating bands of lighter an? darker shadca.These oneissose rocks are
harder than the schistose variety, The pur: chlorite schists are quite

rare and a fev samples collected at the base of the Younger Sedimen-

taries,are dark green in colour,well foliateld and soft. These are



=174~

larpely comprised of the £laky rreen chlorites with quartz grains along

the pnlanes of foliation,

Microscopic features

Mineralogy and texture. Thin. sections of the chlorite schists under
the microscope sgow well developed schistose textures. In wlrastiticed
schists, the bchistosity is obliterated due to quartzo-fel!svathic veins
and in such rocks gneissose texture predoﬁinntes. The mineral constituents
are chlorite,quartz,felspars and biotitz, The schists next to amphibo-
lite bodies contain hornblende and in some sections of the schists
(particularly near quartz-grunerite-magnetite rocks) grunerite is also
observed. Secondary minerals like calcite and prehnite form thin veins.
Sericite is a common alteration product of felspars. Minute 2rains

and particlesof iron ores are oftcn noted as inclusions in chlorite,
uartz and felspars together form lerticles within layers of chlorite
and they also form vcinlets generally parallel to folistions, These
minerals appear to be of extraneous crigin,

Ehlorite. It occurs either as flakes moulded around quartz and fels-
par grains or as clusters of flakes. It is pale grsen to yellowish
green in colour and weakly pleochroic with absorption.¥=pale green;

¥ = pale green; 7 = pale yellovish green, It has parallel extinction

and low order polarisation colours,

F
¥

elspars. Tris is a common constituent in the mirastiticed schisgts, Both
soda and notash felspars are found. /s most of th= grains are largely
altered it is difficult to make out the amounts of potash felspars and

plegioclase, The plapioclase is of oligoclase composition(Anl, b2y
: 0



In ootash felsnars orthoclase predominates over microcline. The fels-

par grains show granulation and strain effects. Generally the felsoars

(0]
b

(particularly the ~lagioclase) are highly sericitised but twinning is

still preserved in many sections. Some of the grains ars clouded que

to krolinisaticn,

wuartz. Guartz occurs as sggregates of smaller grairs and as bigger
individual grains, The latter shows cataclastic effacts like granulation
and cracks and is often associated with felspar. Undulose extinction

is qutte common, Smaller grains occur either as inclusions in chlori-
te or ir the interstitisl spaces of chlorite flckas,

diotite. It is found in some scctions as small flakes.It is light brown

with strong nleochroism from light to dark shades. 3ome of the flakes
show alteration to chlorite.

Fornblende. 4 few elongated nrismatic grains of green hornblende are
observed in some sections. It is stromgly nleochroic from light yellow-
ish preen to grecen, Extinction varies upto 18° (CAZ},

Grunerite. It occurs in elongated prismatic crystals arrarged in 2
linear direction narallel to the foliation Hlanes of chlorite, It is
neutral to light preenish ysllow,faintly nleochroic. Ixtinction

varies upto 15° (CAZ), It is penerally alterzd to chlorite and limonite.
Veins. Thin veins cutting across these rocks contain =ither calcite

or prehnite or both in combinition. Calcite occurs as colmrless

L §

sub-hedral grains showing sarting and hiph order solaris:tio- colours,
ZrePNite occurs as aperegates of small iathe ard ncedles showing one

direction cleavages and saraliel extinetion. It has variable birefring-

ence in different grains with abnormal interference colours,
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4,1-2, JUARTZ-GRUNSRITE-MAGNETITE ROCKS

Megascopic characters. The macnetite bearing rocks are formed of

alternste porallel bands of quartz,ore-minerals and altercd{limonitised)

(Fip,103) g £ -
grunerite/ The width of the bands varies from 1 mm, to 13 mm. Quartz

tands are of white,dark grey or grcenish grey colours while limonitised
grunzrite bands pive yellowish brown or hrownish yellow colour, In scme
rocks of this group,different shades of grey quartz form. layers. Ironm
ore minevals are disseminated in them in linear pattern without formine
any definite bands. “rown amphiboles form thin layers.In massive variety
iron ores and grunerite are found in the interstices of guartz grains,
The quartz rich variety is greer,grcenish grey,dark gray or greyish

black in eolour. 'owish brown amphiboles(grunerite) is found
in the interstitial spaces of quartz or sometimes as thin layers.ire
mine~als are not observed in the hand ssceimens. Grunerite rich rocks
are yellovish brown or brownish yeilow ir colour and appear to contain

some amount of limonite avdart from iron oro minerals(magnetite and

hematite).

Uicroscopic features. Followine mineral 29semblapes have been recog-
nised from microsconic studiez: (1) uartz-magretite-grunerite banded

rocks, (2) Quartz-grunerite rock-massive type. (

[P
st
]

runerite-magnetite

rock with miner amount of quartz,

411 these rock types contain various amount of limorite as i
secondary product, The texture is genreralily sranulose ard in the banded

tvpe coarse banding is often observed,
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(1) Juartz-macnstite-grunerite rock,

ST < Ny ain q in size from 0.1 mm, to 1 m. and form a
uartz: “luartz grains vary in si T

ntarlocking grains, Few of the grairs are clouded by concen-

(=8

nass of
tration of iron oxide dust. In some sections randomly oriented thin
needles of rutile are present as inclusion in quartz.The grain boun-

daries and cracks of quartz are coatad with yellow to yellowish Brown

semi transluscent films of .iron oxide.

Crunerite: In most rocks grunerite bands have been limonitised.Unaltered
types.exhibit typical characteristics of the anphibole, It is neutral
to nale green or nale yellowish green in colour and is feably pleochro-

ic in coloured variety, It occurs as clusters of small crismatic grains

1 4

which show parallel or sub-parallel,lincar orientation (£ig.129).Both
simile and multinle twinning are observed in the onrismatic sections,
the later beirp more common,The twin lamellae are closely spaced,
Extinction angle variesbetweenl0® - 15°(CAZ). In several sections,

gruncrite is reslaced by fine quartz and limanite 3long the claavagas,

fractures and grain boundaries.

Iron ore minerals: They ocecur as elongated dlates,lenticles,streaks and
‘-"""--—‘-

anhedral grains of various dimensions. In Some scctions the long dimen-

sions of thz ores are oriented parallel or sub-parallel to each other,

Yany of Chese grains show rug

red borders, Some of them cortain small

inclusions of auartz,

In polished sections under reflacted light ;megnetite, hematite and

1]

goethite are obsarved.Magnetite is the only primary ore mineral present,

Tj'

It has largely been altered to or replaced by hematite as a result of

—



martitisation.Goethite is a supergene mineral renlacing the earlier ores
and the silicntes,

Magnetite:It is found as a relict minerzl in patches,hieh are enveloned
by hematite.'apnetite grains with various degree of alteration are present
Small idiomors“ic grains ss octahedra and dodecahedra showing replace-

ment by hematite alonz the cleavages and oerisheries of the grains are
y = Lin] IS 3 =

seen.It is pinkish grey ir colour,shows low reflection and is isotropic,

0
a]
b
=
=
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)
=
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ematite: It occurs as xenomorphic linear lorpgatad plates
with rugged borders. Octah dral cleavages of the oripinal magnetite

are retaiped by many prains. Seversl pseudomorphs of hematite{martite?
£z

are seen as small idiomorphic grains, Some of the bigger hematite grairs

magnetite),It is bright white in colour,shows high reflectivity and

oethite: It occurs as vein filtings and as irregslar pa-ches,lt has

partially reslaced somé magnetite and’  hematite and completely replaced
some pruncrite(fip.128 ), It is white with a grey tirt,and weakly
anicotropic.It apppears to have formed much later during oxidation

of the rock,

On the basis of the above features, the narapenesis of ths iron

ore minerals can be summarised as below:

Magnetite ___

Hematite b bt L,
( ‘ﬂrtit(.)
Coethite
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ates

o]

(2) Tuartz grunerite rock. In this rock prunerite occurs as aggre
of short orisms and tabular grains in rardom oriantation or in irragu-

lar bands.Clusters of grunerite contain quartz in their interstitial s>aces,
Bigger'qrains contain inclusions of quartz. Irregular greirs of iron ore

occur in the interstitial spaces of grunerite,

(3) Grunerite rich rocks. In t-is variety grunerite forms more than

85 to 907 of the rock.Long and short prisms and tabular grains of various
sizes form agpregates in randor orientation,?laty tynes show inclusions
of quartz.juartz grains upto 0.5 mm, in diameter occupy the interstitial
sraces of grunerite aggregotes.lron-ore(magnetite-hematita) is.present
mostly as xenomorptic grains.

4.1-3, AUPHIBOLITES

Megascoric characters. The amphibolites are of greerish black,dark

green,dull green and light green colours withrth§e specks, Doth
foliated and nor-foiiated tyves with intermsdiate varieties occur in
the ares, Foliated variety forms tke du@ﬁnant group. In this tyne green
amphiboles are either platy having parallel arran-ecent and closely

shaced foli“tions,or show linear orientation with broad foliations,

The latter also shows linear arrangement  of light coloured minerals as

h

snecks,streaks and lerticles. One croup of the foliated rocks is o

w

striped or banded naturc due to alternate segregation of light colourac
and dark coloured minerals,

The non-foli-ted tyre is mostly fine to medium prained with
felsic material interlocked with mafic minerals without any preferrad
orientation. Some specimers arc medium to cnarse grained,dark preen

coloured with ropdomly oriented c¢nstituents.This variety is very hard
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and massive, Felsic minerals are cither absant or present in very minor
amount,

Microsconic characters

Classification: 3ased on the mincralogical compos.tion and modal

aralyses(Table8-11)the amphibolites of Pauni arca h-ve been classified

into the following four proups:

o

(1) lormal amphibolites (2) Quartz free amphibolit (3) Plagioclase

(&3

amhibolites (4) Hornblendites,

The predomirant group =zmong these is the normal amphibolites in

which hornblends percentage varies from 45 to 70% ard that of »lagio-

clise from 25-407, Tuartz is invariably present in this groun(l -5%),
Chlorite is pres=nt in varying amounts denerding on the degree of alter-
atiors suffered by the hornblendc.Ilmcnite,sphonﬂ,epidote and apsatite

e

form the minor corstituents(Table 8 ). The secnnd group is .quartz free
amhibolites ir which horrblende is 60 - 857 and plagioclase 10 - 407,
Ilmenite, sphene epidote otec. form the minor constitucnts(Table 5 ey
?lagioclase amphibolites form the third group which are represented

in the fizld by Strin=d,banded or gneissose varieties.in these the amount
of nlapioclase exceeds that of hornblende. Plagioclase is generally over
507 of the t-talcompositicn while hornblend: varies from 3C-407, uartz

is present in srall amounts (Table. 10). The last group is representad

by hornhlendites which are rather of rastvicted oczurranee in the area
found in the guarriecs of Modern Plastics L'd. Claim., In these hornblende

exeeds 907 (Tahle 11),

It was found that the rocent classification of smphiholites by

Cannon(1963) could not b= applied to the racks of the area under

0513% 4-

MBIy 3 sy FIMTUT
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TABLE -8

Modal analysis of normal amphibolites

R grain Vornbl- Andesine Guartz Chlo- Sphe- Ilmeni- Epit Apa- Total
Sp.No.  gize in ende rite ne te dote tite %
B
1/158 1-2 62.35 28.45 4.9 B 2.10 100
1/104 05205, 5950 24.9 % 6.4 3.6 3.46 170
1/891 1-2 61.50 36.00 24 - - - 10C
1/174 0,5-1 5¢.70 32.60 4,22 B3 - 397 100
1/807 0.3-C.8 53,47 25.60 5.26 2.26 = - i 100
NL158 1-2 46,96 37.42 182 1335 - = 0.42 99,97
1/579 0.30 69.50 26.21 Rig 253 100
1/851 0.5-15 65,00 31.10 1.20 - 2w B0 29,90

Location of the specimens:
River ba ne h
Aé%?lgiﬁgﬁur?_“KL 158 f38s

1/158 “hadan nullah. 1/104 Korambi

}%aﬁower (Ta

Yot
fiyana 1/807

va nua

1/851 Juarry -Molern 2'nstics claim,

Modal apalysis of guartz-free amphibolites

ni). 1/174 Yaingarce river bed
%hitsi.l/S?Q Khagan”nuk aﬁ

S~.No, grain size llornblende Andesine Chlorite Ilmenite Sphene Total
in mm,
1/802 1-2 84,03 14,35 - 1.65 . 100,03
1/114 0.1-0.3 59.45 33.95 - T ¥l o - 100.00
1/814  0,65--2 84 .45 10.82 2 ey 2.16 = 100.00
1/113  1-2.5 32.68 40,00 23.54 - 2.5 98.74
17826 0.5-1 $8.00 30,07 - -, L.z ISR
1/816 0.20 65.32 29,36 2.4 3.1% = 100.05

+ includirg apatite
++ including sphene

Location: 1/802 Pauni-Fimgaon Road. 1/114 Khadan nullah behind zuarry 2{5C3)

1/814 " iver bank,south of Pauni bridge.

1/113 Upashya nullah

1/826 Pit 2 Quarry 2 (3C5), 1/816 2it 3 ,Quarry (GGCS)
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' Modal analysis of nlagioclase amphibolites.

gn.No. Grain in Yornble- “Andes- Chlori- “luartz 1lmenite

S5ohene Total

size in nde ine te

m.m,
171220 1-2i8 33.46 56.7¢ 2.06 2,06 3,06 2.06 99,48
1/565 2,00 45,07 52,63 - 0.68 1.62 - 100
17513  1-2 42.85 45,15 7:63 - &.%7 - 100
17751 0,241 3t.5 54,17 11,58 1.35 1.25 - 100,05
1/154 03-1 39.5 52.69. 5.9 1.00 0.8 - 99,87

Location: 1/1220 Pauni-Korambi road,north of Juarry (GC3)

17565 Kh .d-n nullah, 1/413 ilaru river (Gaidongari Formation),1/751 Juarry 1

it No.6; 1/154 Vainganpa river bed south of Khatsi,

LA B LiE ~-1%

Modal analysis of hornblendites

S5p.Yo, “rain size Horn- Chlori- Chlori- Sphene Ilmeni-Quartz Ande- Total
in mm, blende tised te te sime
hornble-~
nde
1102 9.53-1.5 63.64 23,59 9,32 3.45 - - - 100
T£Y2S 1-2 e 23 .80t - - o NG 4.65 0.9 100
162 Op5e2 79:25  19:44 - 4 0.8 0.72 -

+ including chlarites

100,21

1/102 Xhadan nullah adjacent to Juarry (GC5).1/125 Piver bank north of

quarry (G.C.53.). 1/62 it 3, warry (G.C.5.)
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investipatior. The present worker feels that Canron's classification is
inadequate to cover the amphibolites of different locnlities, having vory-
ing mineral assemblages. Cannon envisages the normal amphibolites to hav-
an approximately equal =mount of plapioclase and quartz and further pro-
posas that the difference batween quartz and plagioclase should not excaed
10Z. fromthe Tables (g 10)it could be Seen that in the amphibolitas
under discussion, the amount of guartz snd plzgioclﬂsc,i: ncver equal

and further their difference varies betwe.n 25 to 357.

Microscopic features

(1) Normal amphibolites

m

texture: The normal amhibolites exhib/t nematoblastic texture,

fts

Prismatic grains of hornblende of various length are arranged in vara-

o,
)

Llel or subnarallel oriantations, Smal?

(W]

r 3r2ins are randomly orientad
ahd criss-cross each other. In ¢ rtain sections a sort of interlockine
chain texturc has formed vhere the layers formeod Ey linearly oriented
minevals are connccted topother by shorter grains disnecsed obliguely and
the interstitial nortion is occuvied by plapioclase quartz ard other
minerals,In certain sections porphyroblasts of hornblande (tabular habig®

show sieve structure.,

Mineralogy: Normal amphibolites arc mainly composed of hornblende,
plagioclasa (and sine) quartz and chlorite,with sphene,ilmenite,anatito

and edidote as arcessories (Table, &),

g ] ; . 2 :
ornblende: It forms the most abundant conrstituent (45 - 70%) and

occurs in various forms and sizes as wentionad in the texture, The

Erains are mostly prismatic and tabular, subhddral to anhedral(f1- 158),The
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8ra‘n size varies from 0.3 to 2.0 mm, It exhibits diffcrent shades of
green colour and is strongly nleochroic r+ith tha absorption, ¥ = green,
pnle vellow and greenish yellow; ¥ = nale greoen, greenish yellow and
yellowish preen; Z =dark green and green( 2 >Y >X). Rarely some of the
arismatic fect‘ons show simole twinnins with the twin slanc parallel

to the clea ages. Extinction aneclc varies from 10° to 209 in prismatic
sections,and is symmetrical in hagal Scctions, Tha hornblende grains
show inclusisns of quartz,nlagioclase and sphzne. Some grains exhibit
nleochroic haloes. These are orobably due to inclusions of allanite,
Partial or complete chloritizat?on has taken 2lace in some of the grains,
Teactures are common across the cleavages. 3Brown or red S§taining is saan
in the weak planes due to iron oxide,

‘ndosineg (gbézﬁn ): This is the next mineral in abundance

38

=

(25 - 377). Andesine occurs 15 subhedral to anhedral grains and laths
(0,5 to 2 mﬁ.),?encrqlly in the interstitial sorces of hornblende.in
some sections hornblende orojects into andesine, The characteristic
nolysynthetic twinning has been obscured in many sections due to alter-
‘tions, Sericitisation to various degrees is observed in Several grains,
while saussuritization has taken place in a much lessar degrec with
s~all flakes and grains of chlorite pistacite and zoisite as nlﬁarntion
products, Inclusinng of auartz,apatite,and sphene ,are quite common in
the olagioclase,

“uartz: It doss not exceed more than 67 in these rocks,and senerally
occurs 2s small anh dral grains in the interstitial s2aces or hornblende,
Snall grains of quartz occur as inelusi-ns in the hornblende. Both

sharp and undulatary extinctions are noted.
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wartz of second2ry oriein 1s. also observed al ng with other
secondary minevals like chlorite,sericite and esidote. It also occurs

as vein mineral along with epidote,

Thlorite: Small flakes and fibrous agrregates of c-'orite present

in the aphibolites,are formed due to the alteration of horrblende, It
is ripidolite variety having green or yellowish green colour., It is
distinctly pleochroic with absor:tion as X = green or yellowish green,

hv4

! = green or yellowish green and Z colourless,yellow, (4=Y> Z). It has

v

straipht extinction and exhibits low order polarisation colours,

Small nale green flakes and radinting fibrous agpregates of chlofitu
occur in veins associated with enidote group of minerals. It is penninite
variety of chlorite. It is pleochroic. X = pale green, Y = pale green,

Z = nale green to pale yellow green (X = Y>Z), 1t shows straisht extin-

ctior <nd an-mnlous blue polarisation colours,

Ilmernite. It occurs as anhedral and shaletql, grains showing

nale sink or greyish white with a nink tint under rzflacted light in

polished sacti~ns. It is arisotronic. Some grains show i1-aellar twinning,

[£5)

3agal sceetinns are isotrodic.Some of the ilmenite grains contain thin
parallel streaks of hematite as exsolution intergrowths .Ephene forms

rims around some of the grains,

-

Spbenc. It occurs as disscminqtimm;end“ﬁ;reﬁates of granules in
the interstitial shaces of hornblende and plagioclase and also as inclu-
sions irn them. As noted earlier, it f-rms rims around ilmenite grains
It is brown or areyish brown in colour and is pleochroic. Relief is

well marked, Zslarisation colours are masked by its body colour.
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Eridote. It gererally occurs in veins, in which pistacite is the

dominant c-nstitucont with subordinate amount of zoisite,chlorite and
quartz, In some Sections, pistacite also occurs as disseminated grains
nnd gronules in the plagioclase.It is lemon yellow in colour and exhihits

high order polaris-tion colours,

foatite. Small srismatic and ellistical prains of apatite form
irclusions in other miner~!s,It shows high relicf ard first order pol-ri-

sation colours in prismatic sections,

°rehnite, Fow white to greyish white(4 to 8 mm. in width) veins
obszrved in some of the amphibolites consists dredominantly of preknite,
It occurs as ageregates of small laths and radia ing needles, Cleavages
are Well developed in one direction and the laths show parallel extin-
ction,Lamellar twinning is observed in some laths.It shows high relief

and variable birefringence (usto 2nd order) in different grains,

(2) “uartz-free amhhibolites

Texture. The amdhibolites of this group show both granoblastic

and nemntoblastice textures, In the former short ard stumpy orisms of

=

hornblendo Criss-cross cach other,with the interstit al space occu~ied

by slapisclase, Few long prisms and tabular arains show porphyroblastic

texture. any of the hornblende crystals are interlocked ar right

L 23

W

reles to anch other, Hermatsablastie texture is not well developed 1n
thtesa rocks, Here, though the individunl prisms. lack nr-ferred orien-
tation, their clusters and agrregites show 1 definite tendency for

Iarallel alignment,

L"

-ineralogy., These amdhibolites are comvosed of horn*lende,ﬂnd@sing,

chlorite ilwmenite Sphene,npntitc,ﬁtd evidote (Table 9 ), 4s these minerals
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have been described in detail in the first group,only their certain

imrortant characteristics are mentionced below,

Horrblconde. Generally the hornblende occurs as short and stuny

risms(0.2 to 0,5 mm,).Porphyroblasts of big tabular srairs (1.5 to 2,5w

are common ard are riddled with quartz inclusions (sieve structure)./lary

hornblerde grains show rupged and corroded borders against plagioclase.

). Andesine occurs =airly as anhedral and rarely

_‘xn34 .

Andssine (Ab. .
as subhedral grains occupying the interstitial spaczs of hornblende, Seri-
citisation is often noted along the twin plan-s, Sausuritization is obg: -
ved ir fev scetiors with chlorite,enidote and calcite as alteration

yroducts, In some saections nlagioclase is clouded due to scecondary

alterations,

Chlorite{"inidolite), It is pal: green to yellowish graen in colour

and occurs as nooudomorphs after hornmblende., Fow flakes and fibrous
agereg *tes are also present,
Among the accessories, ilrerite, occurs as anhedral grzirs with

et e iy, 7 & ~
ragged btorders{0,2 to 0.4 mm.) and as as skfletal crystals. Cphene
occurs as granules and clusters of granules disseminated in th: ground-
mass and formin: rims around ilmenite grains, Asatite is obscrved 3
elonpatod and round grains Projecting into h-rnblende. Veins consisting

of

enidote minerals (pistacite and zoisite) and auartz cut across
tha ather corstituent minerals,

(8) Plagioclasc amphibolites

Texture, Placinclase amm™ibolites show both nematoblastic and
barded textures, Sepregations of hornblende show a tendency to form

bands alternating with light coloured mincrals like cuartz and nlagioclase



Orientation of horrblende within the bands is at random.

Uineralogy. The amphibolites consist of andesine hornblende, chin-
MRS B .

Tita

=y

quartz,ilmenite and sphena( Tahle 103,

Dornblende, Hornblende forus prismatic grains of varicus sizos,In

goric sections hornblende grairs show irregular forms with corroded
borders, 50 e of the tabular grains show schiller structure due to a
regular arrange-ent of minute inclusions of opague grains (marnetit.®

and sohene along ths cleavage planes,

A

-~

indesine (Ab ). dggregates of anhedral grains of andesire are

i)
—_— “HZ2 A8

ybserved in the interstitial spaccs of hornblende ard show a linear
disnosition, Some grains exhtbit zoning,

“uartz, Primary quartz forms anhedral grains associat-d with the nla=
gioclase.¥ew snall inclusions are fourd in the hornblende,

hlorite. Green coloured chlorite (ripidolite) i5 after horntlende
forming tha Lulk of the chlorites. It occurs as flakes and shreds of
light green colour.Peuninif i5 found :n veins associated with epidota

group of minaralg
Ilnenite,gphere and apatite occur as accessory minerals having
similar character as dascribed in the ear!ier grouss. Thin voirs of

epidote are ohsorvad in some sccting,

{4} Hornblendites

Texture, Those rocks are predominantly of non-foliated massiv
cyde., Long prismatic,tabular and nlaty prairs aro randomly orionted
criss-crossing cach sther showing granoblastic texture, g tabular
grains cnntain inclusions of gwalier 2rairs of hornblends in different

oricntations . Many orismatic frains project into tabular grains,
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Kineralogv. This rock is

przdominantly composad of hornblende with
alteration, droduct ,chlorite, uartz, andesine,ilmenite and sphene occu.
in small amounts (Table 11 )

Yornblende. Tabular graing of hornblendc'exhib't siave: structure with
inclusi~ns of gquartz. So-c of the arisms show simole twinring,Schillar
structure is exhibited by certain bigger grains,
Chlorvite, Chlorite is renresanted

by rinidolite variety as flakes,fibrous

2gEregates and irrepular patches , general Ty

y after hornblende, It is
1

ight greer and pleochroic with straight extinction and lou solarisation
eolours,

Amon; the accessories, sphene sccurs as granules

and aggregntecs
of granules dispersed in the mass, It

also forms rims zround sore
Brains, Ilmerite occurs as smal] irregular grains and skoletal patches,
uartz iz found as small interstitial grairs and as inclusions of
hornblende, Secondary

auartz forms constituent of v

4,14,

2ins,

GRANITES AND ?EGHATITES

On the basis of their megascopic and microscopic characters
the grarites apd pegmatites have bean hroadly grou-
(1} pranites and greissnse granites (i{) decmatite

gfranite~ (iii) felspar

@

and pegmatitic
rich rocks

(i) Grarites and gneissose grarites,

:A8coyic characters.

equigranular having greyish
write apd grey ceolours., 74 £oliatior hns developed in
Sowe  of the rocks, Juartz and felsoars show elongation with preferred
orientation, The #neissic character alpears to have developed due to



TABLE .- 12

Modal analysis _of the graniteg awmd the gneissose pranites

gb.No, uartz K.Felspars Oligoclase Chlorite Garnet Mica Total

/145  47.12 38,92 9,12 4.83 . = 99,99
171211 51,54 38,34 6.06 3.04 99,98
1/176  51.20 33.23 5.39 - 3,40 1.51  5.23 99,08
1/8246 43,12 42.46 12,00 T VoA 2 99,92
1/37 46,15  36.51 15.84 1.5 3 . 100

+ including mica

Location: 1/146 Pauni-Khanri road. 1/1211 near Uoashya  nullah-launi
Korambi road junction, 1/176 Near Diwanghat-“auni. 1/824 Upashya nullah
1/37 ¥hadan nullagh.

Modal analysis of the peprat{tes and the pegmatitic
granites Sub-group A

———

S9.No, Quartz, Potash Oligoclase Chlorite Garnet Total
felspars

1/508 34,82 54.14 7.62 832 - 99,90

L/1055 38.71 50,00 S 7095 C,04 99.80

1/1081 31.56 59,28 8.04 1,1 99.98

1/130 31.91 60,32 4,96 2.81. 100,00

1/8e5 22.12 66,17 3.06 €.Q0 9.35

* includes micg

&y B Y

; : = -~ 4
Location: 1/508 Pauni-Mahadeva temple road., »/1055 First Tribukary ef
U»rarhayla nala west of Yainganga river. 1/1081 Upashay nullah., 1/180 Khadan
nullah, 1/883 Quarry 2.5CS,
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“icrosconic foatures

Texture. The normal granites show hypidiomorphic texture. 5Sub-
hedral grains of felspars are randomly oriented.Their interspaces are
occunied by quartz,chlorite and ~ica. In the gneissosa types the
mineral ¢ rstituernts show a terdency for elongation aad preferred ori-
entation. Some small grains of potash felsoars exhitit granhic inter-
growth with quartz. 3imilarly oligoclase shows myrmekitic intergrowth
with quartz,

Mineralegy. The essential minerals forming the grarites are quartz
( 45 to 507),potash felspars (407) and oligoclase (3-157), The average
grain size of the mirerals is 1-1,5 mm, ',The accessory minerals
irclude chlorite muscovite,biotite,rutile and rarely garnet (Table 12)

Zotash felsoars. Among the potash felsnars,orthoclase is the

nredominant constituent. Microcline is in subordinate armount or even
absent in some specimens. Orthoclase forms sub-hedral to anhedral

grains,having rugped and corroded bordars, One set of cleavage(001)

is well develoned the other set (010Q) is

o
]
5]
W
o
®
i
-
]
]
iy

-
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carlsbad law is observed in some grains, Bigger grains of orthoclas:
contain inclusions of gquartz and occasinnally of oligoclasa, Graohic
intergrowth with quartz is found in some crystals. Alteration of
the felsvar is noted in several crystals,some of those are clouded

due to kaoiinisation whilc others arec sericitised along the cleavage

Dligoclase (Ab75An25). Oligoclase occurs as subhedral toanheirgl
grains and laths occupying the interstitial spaces of potash felspars.

S =) 1 1 it
vome grains show rugged and corroded borders against quartz,Mutual
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interference during the grovth of the crystals is ohserved in some
scctions, Twinning on albite and carlsbad iaw is scen, Twinning lamalla
arec bent in a few crystals, Myrmekitic intergrowth with quartz is
often roted, “any of the plagioclase grairs  show sericitisation along
thz cleavageand fracture plancs.

“uartz, It ocecurs as anhedral grains and granular agpgregates
occunying the interstitial Spaces of felspars,Most of the grains show
undulose extinctidn, Ju=rtz grairs have.ncnetrated the earlier crysta-
llised felspar grains, It also occurs as inclusions in tha felspars,

Chlorite, It occurs as small flakes,films and fitrous aggregates, It

is »leochroie in pale green or vellow green to pale yellow with the
absorpiton as X = cale yoellow 8reen,Y = pale yellow green = yollow
(X =Y>7), 1t shows straight extincﬁion. It ig Secondarry ip origin
ard formed after biotite and garnet,

morg the other accessorics hiotite occurs as smal] flakes in
2reen and brown colouyrs with strong pleochroish, Muscovite is found
18 irdividual flakes and in agoregates mostly along the grain boundariecs
of felsnars, lutile occurs s indooendent euhedralgraing inp reddish
brown and yellowish brown colours, Garnot is of very restricted oceourr-
ence and has been observed in g few sections on'y. It oxtihits nale
brown colour vith pink tint and high relief, The grain size varies
from 2 to 3 m, The crystals are riddled with numerous inclusionsg
Quartz (fig,135), 4lopg the'frﬁctures >f the garnet, flakes and
fibrous e repates of chlorite are observed whigh appear to have

formed due to the alteration of the former,
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(2) Pegmatites and negmatitic grarites

Merasconic characters.

=1

These are very coarsc grained and inequigranular rofks, Tolooar
is the dominant constituent.Felsyars unto 5 em, are common. Zoth nink

and white felspars are present. Juartz,apart from occurring as ioterstibe

grains in felspars ,is also found as small inclusions in the bigger
felsnar grains, Clusters of chlorite and biotite give a spotted appear-
ence to the rock. Some spacimens show irciniert foliation,

Microscosric features

[ s

Based on the modal analysis (Tahle 13 )xhese rocks are divided
into two subgrou's A and B3, In subgroup A the average percentapges of
essevtial comstituents are as: guartz 35 porash felsoars 55- and pla-
gloclase 5-8' ., In sub-group B the average percentages of the consti-
tuents are as: guartz 30 ,oot-sh felspars 50 and plagioclase 10..
Iexture. Most of the mineral c-nstituents are subhedral to
arhedral and are of variable grain sizes. The minerals in general
show cataclastic effects. The plagioclase exhibits bent,dislocaved

n

m

ok

and microfaulted lamellae and cleayages.Thin quartz-felspathic - ve
traverse the rocks along the microfauits and fractures., Interprowth of
quartz with orthoclase is common. In few sectinns intergrowth beteen
quartz and microcline is scen. ?lagioclase s’ows myrmckitic intersrovth
with quartz,

Minernlogy. The essential mineral constituents of this group are
natash felspars(ort“wclise,”icroclinu and perthite), oligoclase 2nd

Thea ~ 0 .
quartz. The accessories are chlorlte,muscovite,apatite,biotite,garnet

enidote,hornblende and rutilea,



TABLE 214

“odal analysis of the negmatites and sermatite graniteg

jub- group-_ 3.

44 ,M0, Nuartz Potash 0ligoclase Chlorite Yornblende Total
felzsaars and mica

1/35 31.76 53 .61 13,49 1.47 - 100.23
1/9C 20,27 65,22 13,81 - Q.58 99.98
1/858 26.61 50.14 14,15 - 9.1C 100,00
1/869 10,05 64,11 2 1,05 3776 99.97‘
1/137 38.5 49,28 252 - - 99,99
LL72Y 2803 55.78 13.27 1.6 - 99.98

Location: 1/35 Yainganga river bed near electric tower. 1/90 Wainganga
river bank (right bank south of Zauni bridge). 1/868 G.C.3. Quarry
1/849 G.7.3. %darry. 1/137 Upashya nullah, 1/721 Quarry 146G Es
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2otash felspars. Orthuclase occurs as subh:dral to anhedral grains

having corroded and rugged borders. Asart from containing inclusions
nf small gra‘ns of guartz,some of the orthoclase grains exhibit
cunciform interprowth with it. Twinning on carlst.d law is often
noted, Sericitisation and kaolinisatior have taken slace to various
decrees along the cleavage planes and grain boundaries, Microcline is
formed of medium to coarse subhedral griins showing cross-hatched

twinnirg. It contairs inclusions of quartz and orthoclase, “any coarse

w

Q

rains of perthites (alkite lamallae in orthoclase) are commorly

oLk

]

observed in t“in sections.

Oligoclase (&b__An_ ), Oligoclase occurs as subhedral grains,
70 30 "

Taths and anhedral grains wich rugpged borders. Most of the grains have

been sericitised to various de-rees, Zoning is observed in a few cry-

stals, Few grains of oligoclase have been broken or dislocated dwa to

thrusting or projection of quartz grains into them, Some of the bigger

grains contain inclusions of quartz,muscovite and chlorite,

Juartz. Tt occurs as anhedral grairs and apprepates of smaller
grains occupying the interstitial spices of felspars.Many quartz grains
project in to the felspars, Tuartz skoue much cataclastic effects
with internal granutatisn,wavy extinection and mortar structure, Some
"% the bigger grains of quartz are pirdled by much finer grained marpi-
ral aperegates. Juartz also forms arourd the horders of felesars as
linear anhedral grains,

Chlorite. Chlorite i3 a common secondary mineral present in these

rocks, It occurs ns flakes, fibrous aggreg tes,shreds arnd Stringers alnng
] = L

; S = . . 3 o
the boundaries of felsic grains, It shows absorption asg:X =preen,Y =green
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Z = pale yellow green, (X = Y> Z), The flakes axhibit ancmalous blue

polarisation colours,

It is also present in veins associated with quartz cutting
across othar minerals. In some sections the vein chlerite shows enlio-
form texture.

Biotite. It occurs 2s small irregular flakes of greenish yellow or

nele preen colours with a red tint., It is strorgly »lzochroic in hore.

brown or greenish red with absorpti~n X = pale greer,Y = reddish brown
and 7= reddish brown ( X< Y = Z). Alteration to chlorite is comTion: in

several flakes. It shows strong hirefrincence and straight extinction,

Muscovite, It is found as small flakes of varicus sizes usto 0.4 ., in
the interstitial = ssaces of felsic minerals and also as inclusiocns %
the fels>~rs, Its strong birefringence ond straight extirction -re
salient characters,

Eoidote. It forms irregular grains and small granules with nale grezn

or lamon yellow colour with nuch pleochroism. Its high relief and biref-

ringence make it distinct from other minerals,

Hornblende. It is observed as =rismatic and irregular grains with
corroded borders,It is plcochroic as X = greenish ycllow, Y =yellowish
green ard Z = dark green ( A<Y<Z), Inclusions of quartz and felspar
are often neted., It aprears to have been derived from the amitibolites
into which the negmatites are intruded

Jther accessories include apatite,rutile and carnet, Apatite is
found ~s small ehhedral grains with hexagonal =nd rectangular outlipes,

Rutile occurs as reddish brown semi-opaque grains and needles and



1
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shows orange colour under reflected light.It hns extremc birefringence.
Garnet is observed ir few sections only, It is light-brown with 2 pink
tint and is isotropic. The grains are between 2 to 4 ma, and are highly
fractured, The fractures have beern pushedlqyart by quartz.Muscovite and

chl-rite flakes are seen along the fractures and around the borders of

the grains.

et

Felsoar rich rocks

(3

Megascopie characters,

These are medium to coarse grained,white and greyish white coloured
racks, It is orodominantly composed of white felspars. Megasconically
quartz grains are not ohserved,

ticrosconic features,

a el

It 1s a coarse grained granular rock and mainly composed of potas
felspar(70-807) and oligoclase (10-207) constituting more than 957 of
the rock(fig,120). Juartz is either abasnt or present only ‘n minor
amounts,

Folspars. Orthoclase forms the bulk of the feispars, 1t is partially
sericitised. Some grains of microcline arz also observed, Few nerthite
grains are always present in which blebs of oligoclase are seen
across the cleavages of orthoclase.0ligoclase forms subhedral grains,
associated with orthoclase.

fuartz, Oval shaped inclusions of quartz are noticed in oligoclase
and orthoclase, Secondary quartz is present as = constituent of veins,
Chlorite. It occurs as small flakes,scales,shreds and stringers in the

interstitial s»yaces of felsic minerals. It is light preoen and faintly

plenchroic and exhibits anomaious polarisation colours, It also



occurs as patches and veinlike stringers within the felspars,
Znidote. It is mainly found in veins whers it occurs as irregular grsins

with pale greenish yellow or lemon yellow colours.Around some grairs cof

epidote rims of zoisite are scen.

=
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Prehnite. € occurs as veing cuttine across other mirerals
found incrystsl agrropstes  developed across the veins.lt shows
characteristic sheaf like pattern and bowtice structure and abnormal

interference colours under crossed nienls,

4,2 PARSORI FORIMATION

4,2-1, CHLORITEZ-MUSCOVITE 5CH IST

Megascodrie characters. The chlo muscovite schists arc medium

to fine grained,well foliated and soft rocks. These rocks present a
gootted aopearence due to oatches of difforent colours. They exhibit
various shades of colours such as bronzy brown with shades of grey and
nreerish grey,brownish pink with patches of greenish grey,grayish white
with shades of brown and pink and grey and greyish green on alternating
layers, Fine to coarse muscovite forrmsthe lighter snd wh11; fine to
coarse chlorite forms the darker shades. Elliptical and pog like quartz
2ggregates arc aligned along the planes of foliation,In some specimens
dark 1 nrown to black grains of iron ores are observed along the foliations,

As mentioned ear'ier corrugations and slip cleavages =re observed in some

snacimens,

icroseo-ic features

Texture. Thin section across the foliations showsbands and

lnyers of flaky and fibrous chlorite and muscovite enveloping irregular



-:95:-
bands and lenticular patches of agpregate of gquartz grains chlorite
and sericite occur as small flakes and interstitial material in and
around the quartz aggregates. In the corrugated varieties mica-chlorite

5.,

o

layerg show soindle forms due to the development of slip cleavag
Elliptical,and elongated patches of phyllite norphyroclasts occur in a
coarse cvystalline matrix of chlorite and muscovite., In general the

rack represents a porphyroclastlic-schistose texture.

Porphyroclasts, Most of the sections contair hish amount of

porphyroclasts (3-5 mm, in lengt' and 1-2 mm in width) of sericites
ohyl'ite or of chlorite-sericite -hyliite. These are formed of a fine
mesh of chlorite,sericite,quartz and ooaque minera's, The orientation of
many of these porphyroclests is incongruous with the enveloping chlorite-
muscwite layars,

Chlorite. It is a major constituent of the schists. It is pale
green with yellow tint and low first order . interfzrence colours,
Fibrous aggregates of chlorite in linear pattern are separated by irre-

gular bands and lenticular satches of auartz-grain nggregate,

Muscovite. It occurs as flaky agpregates in lenticular and
linear patches ervcloped by chlorite. It is white in colour and shows
higher order interference colours.

Chioritoid. It is of restkicted occurrence in varicties having
good amount of phyllite vorphyroclasts. In 30~ Scetiors chlovitoid gralans
are strictly confired to the phyllite natches,vhile in other scctions
it was found geatterad throughout the rocks., It occurs as small stumpy

rectangular grains,aggregate of srisme and as arhedral grains. It



exhibits fairly high relief and straight extinctiorn. It is light green,
warkedly pleochroic  with absorption,¥® = olive or grass gr.en:

¥ = pale green or greyish greer: 7Z = yellowish green, “rismatic sactions
show multiple twinninpg. Zolarisation colour is masked by the body colour.
Some of the grains contain inclusion of quartz,

Riotite. 4 few biotite flakes occur as  vporphyroblasts oriented

across the chlorite-muscovite layers. They arc of brown colour strongly

>

pleochroic and show strong birefringerce.

4.3, BHIWAPUR FORMATION

Megascopic character, These phyllites are normal sericite-

chlorite phyllite and show o wide range of variation in thuir colour

index due to the corresponding variation in the content of chloritic,

W

sericitic and ferruginous matter. They cxhibit various shades of

11

oo

4

sht greenish grey,pink snd brovnish pink with patches of different

5]

colourz. Certain bands within the phyllites show 2 spotted appearcnce
due to the oresence of magnetite crystals, Most of the shades mentioned
ebove are dull, The phyllites are soft and display characteristic
sheen, These phyllites are garnet and biotite free unlike the
associated quartz-phyllites.These rocks show well develoved foliations.
Some spucimezns show closely spaced laminations., Elongated quartz are
often enclosed within the laminae. In few specimens the laminaticns
are folded on microscopic seale (£fig.133). As described earlier in
Chapter I1L the microfolds are sometimes of chevron or kink type

due to the displacement along slip cleavages (fig. 51 131),Few thin
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Modal analysis of the Phvllites

Sp.No, Grair size * Quartz Chlorite Iron ores Total
in mm, + Sericite

1/274  9,65-0.2 Tl 80.24 2,65 100,020

L/234 ©.65=0.15 18.0C 78.5% 3.46 100,00
(0.3-0.5)

17201 0,05-0,65 1'g.52 79.76 1.72 100,00

1/296 0.05+0.1 14,15 Sy, 22 2.63 106,00

/203 0.1 g Iyl B 87.00 1,90 100,00

1/252 0.03-0,08 13,04 84,16 2.8 100,00
(0,2-0,3)

1/229 0.075-0.15 kI 2 Trale 6.56 100.00

11221 1@;1=0.2 24431 72.04 385 100.00
('5-1)

1/268 ©.1-0,15 L8471 80.66 0.54 98Il
(0.4}

# size of bigger grains in bracket

Location: 1/274 Exoosure near Bhivwapur-Dongargaon road north of nullah,
1/234 Exposure near the railway track -Bhiwapur. 1/201 Pahungaon,

1/296 Dongargaon Hills, 1/203 Pills north west of Nishti. 1/252 Jogikhera
hills, 1/229 Kotalpar, 1/221 Maru river. 1/268 Exposure near Tambakhara.
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veins ( 5 -10 mm,} consisting of magnetit: and chlorite with some
quartz cut across the phyllites.

Microscopic features

Texture. The phyllités exhibit well developed schistose texture.
Sericite and chlorite in combination or independently,majority of them
showing preferred orientation, form bands or layers, Quartz grains
are arranged within these layers with a parallel disposition. 3one
interlayered bands and ‘ecnses consisting mostly of bigger grains of
quartz(G.1- 0.2 mm,) show an undulating pattern (fig, 46). The folia

tap around porphyroblasts of auartz,chlorite and magnctite (£ig.45 ).
In some snccimens the folia have developed microfolds and flexures
(£17.52) wherein sogregation  of guartz grains is observed in the

rests and troughs. At certair places microfolds show displacements
along number of closely spacad narallel or sub-parallel planes along
the fold nxes, forming slip cleavag e8(Fig,50, 1P Along such slip ~lea-
vages granules of iron oxide hive been dragged. Few thin bands

containing chlorite 2nd quartz exhibit complex natterns of microfolds,

Mineralogy. The chief constituents are quartz,sericite,chlorite,iron
ore and rarely chloritoid. Tourmaline,enidote,apatite,rutile and
zircon form minor accessories (Table 1570

Groundmass, The groundmass consists of stightly clongated quartz
grains (0.05 «0.1 mm,) along with sericite and chlorite showing preferred
orientation, Granules and small 1laths of hematite are interspersed in
the mass. The matrix generally contains porphyroblasts of chlorite,
quartz and magnetite, Few patclhies in  the matrix contairing sericite

fine grains of quartz and iron oxide appear to be recrystallised slate



Fig.No 45

Fig.No,46

Fig.No,47

Fig,No,48

Fig.No,49
& 50

Fig.No,.51

Fig.No, 52
& 53

Fig,No. 54

PLATE No, X1V
Sketches (not to scale). Phyllites and quartz-phyllites
under the microscope.
Microfolds in phyllite, Spindle like’ chlorite in the pressure shadow

of a quartz-magnetite porphyroblast,

Phyllite. Zic-zag pattern of quartz rich layer 1n a fine chlorite-
sericite-quartz groundmass showing simple flextures.

Quartz-phyllite-Biotite and iron oxides in the pressure shadows of
quartz-porphyroblasts,

Quartz-phyllites. Alternating layers of quartz and phyllosilicates
with porphyroblasts of quartz.

Slip cleavages in phyllites, Displacement of layers along closely
spaced planes parallel to the axes of microfolds,

Chevron folds in phyllites (Megascopic)

Microfold styles in phyllites,

Quartz-phyllites, Linear arrangement of clusters of biotite,



PLATE No, XIV

Fig.No.53 Fig.No,.54

Fig.No,52
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fragments which at times show discordance with the sericite-chlorite
laminae,

The quartz percentage varies from 11 to 25, The average grain size

lies between 0.05 - 0,2 mm, It is generally clean,a few coatain iron and

sericite particles.lUndulose cxtinction iz cownmon, sericite is colour-

less and distinguished from chloritc by its higher order polarisation

colour. Chlorite is pleochroic from pale green to dazk proen and
exhibits low order wolarisiatior colours.The.chlorite and sericits

together constitute 72 to 87 percent of the rock.

Zorphyroblasts. Porphyroblasts of rounced and lenticular patches

(2 -5 mm), knots and clusters of chlorite ard magnotite,independently
or in close combination, are often observed in all th: phyliites,
uartz is sometimes associated with these porphyroblasts, The long
diameter of the pornhyroblasts at timcs shows discordnace with the
fabric of the matrix. It is obscrved that the chlorito-sericite laminae
enveloping thase porphyroblasts have been pushed apart vuring their
growth. The chlorite occurs as flaky or fibrous aggregates and as
spiniles form (fig, 45 ) showing pale yellowish grecw 1o green colours,

It shows faint pleochroism and weak bircfringence.

Some of the phyllites contain many idiomorshic grains of magne-
tite (0.1 - 1 mm.) which hove undergona various degree of alteration
to hematite. Spindles of chlorite flakes cceur in the pressurce shadows

of these magnetite crystals,

Chloriteid. It is observed only in = few sections, It occurs

as lorg prisms and nlates generally parallel to the Foliation plancs,

(£ig.132).
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Accessory minerals, Small prismatic grains of tourmaline show

two distinct colours: (i) exhibiting pale blue to greenish blue
pleochroism and (ii) greenish yellow to green, Anatite occurs as small
prismatic grains with round edges showing low first order ~olarisation
colours ~2nd parallel extinction, Small epidote grains show neutral to
light yellow colour.pleochroism and second order polarisation colours.
Fow snall euhedral crystals of zircons are observed in the matrix. It

is generally colouriess and has high relief and birefringence,

4,3~2. (UARTZ PHYLLITES *

Based on the megascopic and microscopic features the quartz
phyl’ites have been classified into two sub-units: (i) biotite-quartz
phyllites (ii’ garnet-quartz-phyllites,

Biotite-quartz phyllites.

YMepasconic character. These rocks show greyish white,greenish

grey, and ash grey colours. Dark gr=en or grcenish black clongated
clusters of biotite exhibit preferred orientation giving well developed
lineations (fip, 54 )., In varieties wherc lin ation is poorly developed
biotite clusters show round patches. Due to the higher amount of

micaceous minerals foliations have develoned,

Microscoric feoatures

Texture. The rock shows typical schistose texture. The flaky

minerals sericite-muscovite form 1layers arranged in more or less

* In phyllites, if thc amount of quartz exceeds the amount of
phyllosilicates (sericite + some chlorite + biotite) the rock is

called a2 quartz phyllite (7inkler,b1965),



TABLE -16

Modal analysis of biotite quartz phyllite

Sn.No. Grain size of Quartz** Chlorite Biotite + Total
guartz in mm, * sericite some iron ore

17277 ©.08-0.1 47.65 49 .47 s 9% . B8
(0,5-0,7)

1/263 0.08-0,1 36.56 47,92 15.50 99.88
(1)

LAZTS  ©.1 (3) 51435 39.89 8.74 99.68

1/256 0,05 -0.08 47.01 46.66 6333 100
(2 -2.5)

b
N

size of bigger grains in brackets
*#* including minor amount of felspars.

Location: 1/277 Fills to the WM/ of Bhiwapur railway station.1/263 Hills N
ofBhiwapur railway station. 1/217 Exposure near Maru river., 1/256 Hills
near Jogikhera Tank,

TABLE - 17

Modal aralysis of garnet-quartz phyllite

Sn,.No, Grain size Grain Sericite Garnet Biotite Quartz** Total
of quartz size of muscovite +iron ore
in mm., * garnet in

S

11228 0.C3-90.8 2-3 38. 71 12,82 Y29 27,18 99.98
(2-3)

17243 0.05-0.12 1.5 44,78 4,15 11,19 3985 99577

1/214 0,3-0.35 Zsdh 32:19 1732 3.14 47.54 99,99

iy 0,08-0.12 1.2 50.08 4,81 16.68 28.41 99,98

17247 0:05-0.07 2.3 58.45 1z 7B 14,32 25,43 9599

* size of bipger grains in brackets
** including minor amount of felspars,

Location: 1/228 Exposure near Bhiwapur-Dor.gargaon road south of the nullah.
1/243 Fil! north of the small tark., 1/314 Hills to the NE of Jogikhera tank
1/272 Bills south of ?ahungaon, 1/247 Hills ~ast of Muru river,
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parallel bands. The ‘folia at ?laces are undulstory with lenticular

wrasning

, around porphyroblasts of single or composite quartz grains.
All these constitusnts show a tendency for preferred orientation. Some
s:ctions show two fabrics of tho porphyroblasts. (i) gquartz grains

n

0.2 - 0.4 mm.) with some interstitial s=ricite, arc interlayered with

~

or form lenses in finer grained quartz o sericite mesh, (1i) porphyro-
blests 2s lenticles of quartz and clusters of biotite are common in
the foliated groundmass (fig.4740),

L:n;rnloxg.vThe chicf mineral constituents are quartz,sericite-
muscovite, biotite and irom ore. Epidote, tourmalin-,zircon and
anpatite occur as accessorics (Table 16),

Groundmass. The groundmass of th- btiotite-quartz phyllites
consists of quartz grains with scricite-muspoyitg along the grain
boundaries and interstitial spaces, Sericite also occurs as long
fibrous layers at interv-ls. This is eonssicuous inthe corrugated
tvaes due to readjustment of the constituents in relation with the
Stress distribution in the rock. Iron ore in granule and  dusty form
is dispersed in the mass, Many minute flakes of biotite(greoenish
browr t» dark brown) are disseminated in the rock, juartz grains vary
in size from 0.05 to 0.2 mm, In some of the sz2ctions small amount of
felspars is also associated. Sericite-muscovite is colourless and
gives higher order of polarisation colours, Typical flakes of musco-

vite have not developed,

Porhyroblasts, Clusters of biotite flakes occur asprallel

lenticles and streaks (2-5 mm.) in th: groundmass (fig.47,58 In some

Seéctinns biotite clusters are observed as round patches, Irdividunl
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flakes vary from 0,2 - 0,4 mm, in len;th and are olcochroic from grecnish
brown or brownish yellow to dark brown. Small grains of quartz and
enidote and flakes of muscovite are sometimes associated with biotite.

A few biotite flakes contain pleochroic haloes with a core of allanite,
In rocks which have developed corrugations lenticles and streaks of
biotite clusters show thickening around the crests and troughs. These

are also observed in the prassure shadows of some of the quartz-porphy-

roblasts (fig.47).

_Ovoids and lenticles of quartz,varying in size from 0,5-7.0C mm,
are prosent in most of the sections (fig.4748)They occur ecither as
single grain or as aggregates of smaller grains (0.3 -0.5mm,).The long

direction of the lenticles is pnarallel to the foliation. The larger

grains show =train effects with undulose extinction.

ALecnacory minerals, . TFew small irregular grairs of epidote

are disversed in the matrix., It is pale lemon yellow ir colour and
pleochroic with second order vpolaris-tion colours, Tourmaline occurs
as small »rismatic grains. It is markedly nleochroic from pale green
to greenish blue colours. Apatite occurs in colourless nrisms with
irregular edges. 1t chows high relief and gives parallel extinction;
basal sactions are isotropic. TFew colourless 'lozenge' ghaped

zircon grains are observed under high macnification.

Garnet-auartz-nhyllites

Megascosic character. These are preenish grey znd green

coloured,hard,coarse grained rocks with woorly devalobed foliations,
Sk — ¥ .
These rocks are spotted with round grains of pink or brown coloure

porphyroblasts of garnet,
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Microscopic fzatures

Texture. It also shows typical scistose texturce with porahyro-
blasts of garnet,quartz and biotite, details of which have already
been mentioned with biotite-quartz phyllites,

Mineralogy. This rock is composed of quartz,sericite-muscovite,
earnet,biotite and iron ores. Tourmaline,coidote and zircom are present
as accessorias (Table 17 ),

Groundmass. Tt consists of quartz grains (G,03-0.3 mm.) with
interstitial and intergranular sericite-muscovite. Some rocks contain
minor amounts of felspars generally associsted with quartz grains,
Opaque iron ore (magnetite-hematite) is seen as anhadral grains and

specks in the matrix.

Porphyroblasts, Garnet. Garnet porphyrcblasts (1 - 3 mm.)

are not fully devecloped and form as open meshwork (fig. 134 ) without
regular faces (xenoblasts) enclesing many quartz grains showing sicve
Structure. It is neutral to pale ninkish yellow in colour and exhibit:
weak anisotronism. Some of the garnet grains have been partly limoni-
tised. Clusters of biotitec flakes are somctim:s obcerved around the
porphyroblasts,

diotite. Clusters of biotite flakes in lenticular or irregular
patches contain ?ina grains of quartz,e-idote and hematite. It is
strongly pleochroic from pale greenish brown to darl’ honeybrown. It

" s been noted that the amount of biotite f{rersaasngwith corresponding

‘decrense in gzarmet (Table 17 3.
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Juartz, Ovoids and elliptical patches (1-3,5 mm,) of quartz are
present as independent grains and as composite grains. They show wavy

extirction.

Accessory minerals, The characteristics of tourmaline,epidote

and zircon are same as mentioned earlier for biotite-cuartz phyllites,

4.3-3, IRON ORE 3Z0ODIES

“epasconic characters. lMegascopically the iron ores can be broadly

grouped into.two types (i) massive and (ii) banded. The massive tyne

shows metal’ic to sub-metallic lustre with b?ownish black and deep brown
colours, Granular character is apparent when closely observed. CGangue
minerals like garnet,altered grunerite,and quartz occur ir patches,streaks
and specks. Thin quartz veins (3-5 mm.) traverse the ore along the wea
>lanes, 3ometimes fhe ore shows closely spaced (3-5mm.Jcurvinlanar
fractures. Along the weak planes and exposed surfaces supergene alter-

atiops have given rise to various colloform structures.

The banded type forms alternate bands of - | iron ore with
bands of 2ltered amphibole minerals and/or quartz ind garnet in
various »roportions. These bands are irregular and at times merge
with each other. The amphibole rich bands and patches arc common near
the contacts of iron ore bodies, Thesc are coffee browr ,npinkish brown
and chocolate brown due to various degree of limonitisation, Irrepu-
iar patches and specks of ore minernls are disseminated in them. At
some ~laces the rocks at the contacts of the iron rich bands consist
predominantly of garnet with minor amounts of quartz ard iron ore
minerals, In these rocks quartz occurs as patches and lenticles in

the groundmass with an imperfect parallel orientation.Dark brown
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coloured ore minerals form irregular patches in the ground mass jiving

a spotted appearence,

Microscopic Features. In thin sections the iron ore bearing rocks consist

mainly of opaque minerals (iron ores),garnet ,grunerite and quartz with
bistite and ~ctinolite as minor accessories, The texture is coarsely
granoblastic,
Garpet., It is neutral to pale yellowish brown or brownish yellow

eolour. It is generally isotrooctc butin some sections weak isotreopism

is also noted, Mortar texturc is exhibited by some gornet grains with
~undisturbed patches sorrounded by granulated rims.Larger gerins of

garnet contain numerous inclusicons of quartz(poikiloblastic or diatblaskic
structure). Sometimes it forms an open mesh work bounded by irregular
faces in which quartz grains make up more thankz half the volume of the
grains(xenoblastic structure). In large porphyroblasts scveral parallel

to subepargllcl even fractures, appearing like cleavages, are observed,
Some of these fractures show microfolds(Fig, 136). Minor cracks and slippage
hove developed across the folds, In some of the sections the garnct has
bzen limonitised in which crack and fractures a= filled with dark

brown limorite. Some of the fractures or¢ filled with secondary quartz
sh~Wing strain cffects, Incipient alteration of garnet to chlorite 1is

rarely observed,

Crunerite. Fresh gruncrite has been ohserved only in a few

sections. It forms srisms of neutral colour, with one szt of cleavpe -

3

basal scctions show two sots of rhombic cloavages, Its relicf is high

and  has maximur extinction 15° ( CAZ), 1t is generally altered and
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has bren replaced by limonite, and quartz. Zgewdomorphs of limonite and
quartz after the amphibole showving tysical forms and cleavages,are quite
common. Tabular and nrismatic limondtised grains are partly renlaced by
quartz ~long the cleavages. Patches of garnets and small magnetite crysta-

ls are found as inclusions,

duartz. Three types of quartz are associated with the iron ores:
(1) metarorshic, (ii) secondary (2) pscudomorphs and (b) vein, The
metamorphic quartz occurs as coarse grains (3 -5om,) and as ggregates
of smaller grains closcly interlocked together in the interstitial
snaces of other minerals, They show both sharp and undulating extinction,
Inclusinns of dust and iron ore darticles are quite common, Rep l:ucement

£~

quartz occurs as pseudomorahg after grunerite, Vein quartz forms

as vein fillings and shows strain effects,

EigpiggL Yinute flakes of biotit: are associnted with quartz,
It is pale brown in ecolour and strongly nleochroic from light brown
to dark brown,

Actinolite. Slender needles of Pale green actinolite are scen

in quartz grains either in parallel form or with criss-cross pattern,

Iron ore minerals,

In thin sections the iron ore minerals show corroded and crenu-
lated borders. Embayed portions are filled with quartz,Some small

idioblastic prains (0.5-2.0 mm,) exhibit corrosion effects at some faces,

Inclusions of quartz and garnet are present in larger grains, A few
grains show linear streaks of quartz arranged in an elliptical nattern.
In polished sections the following ore mincrals are identified

under reflected light rmagnetite,hematite, rocthite-1lcridoerocita
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Magnetite is greyish white with faint pinkish tinge and has moderate
reflectivity. It occurs as hypautomorphic to idiomorphic grains which
are isotropic. Hematite 1s white in colour,anisotropic and exhibits
high reflectivity, It occurs as pseudomornhs after macnetite(martite).
Go:thitce-Ycnidacracite are greyish white to bluish grey in colour

with moderate reflectivity and weak anisotropism,

Texture and paragenesis of the ore minerals,

In most of the polished ores hematite 1s found to replace
magnetite (martitization). In general the ore shows relict texture
with irrcgular patches of magnetite in a matrix of hematite. Under high
magnification some of the polished sections exhibit replacement cry-
stallographic and oriented intergrowth texture shown by hematite
lamellae occurring along the octahedral planes of magnetite(fig.142,
Hematite has reslaced along the borders, the cleavage planes and
fractures of the magnetite. "ell developed octahedm of magnaetite occur
sporadically (fig.140 ). Partial to complete renlacerent forming

psaudomor-hs of hematite after magnetite crystals are often observed,

Goethite along with lepidocrocite is found renlacing both
magnetite andhematite, In some specimens,Eygy exhibit typical collo-
form texture(fig.141). Goethite has filled and replaced mainly along
the fractures and borders_of. pagnetite and hematite and also of
quartz and silicate gangue (described earlier as limonite).

13

rom the above discussion it is quite evident that magnetite
was formed during the metamorshism of the country rocks, Hematite

occurring as martite was formed later due to oxid~tion of magnetite,
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Goethite and lepidocrocite are of supergene origin., The paragenasis of
the ore minerals can be tabulated as:

MINERALS i

MAGEETITE

HEMATITE
P s

(CAN Y 4 L

A0 LEPIDGCROCITE

4,4, GAIDGNGARI FORVATION

4.4-1. ZUARTZITES

YMepg-sconric character. The quartzites are very fire grained,highly

indurated and compact and occur in light brownish grey,pinkish grey,
reddish brown and rarely grecnish grey shades. They are generally massive
but 2 few samples show noorly developed foliatinns,

Microscopic features.

Texture. The quartzites exhibit granoblastic texture in which
quartz grains are closely ihterlock:d together, Scme of the thin soctions
show shear planes in differert directions with the dovelopment of
elongated quartz grains around them. Alons these nlanes grarulation
ind recrystallisation of quartz grains are ofter observed, Some of

thke shear nlanes show concentrstion of chlorite and iron oxide,

Mineralogy. The chicf constituent of the rock is quartz
e07). Other minerals are chlorite and sericite with small amount
of hematite. Rounded to subrounded grains of epidote,zircon and

hornblerde are often observed 28 minor accessories{Table 18),
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Molai analysis of the quartzites
S sl siz; Tuartz Chlorite Total
s hematite
1/349 0.2 10:.8=1,4) 86,27 13,73 100.00
ki3 S5T 0.3-0.5 (1) 79.46 20.53 99,99
1/385 0.3 (0.8-1,2) 79.41 0.58 99,99
* gize of bigper grairs in bracket

Location: 1/349 South of Gaido
west of Mimgaon. 1/385 East of

ngarl tank near the village.

Mahalgaor,

351 North

Modal analyzis of the meta-argi!lite
Sn . No. Grain siz wuartz Chlorite +Sericite+ Iron Total
in mm, * very fine quartz oxide
1/387 0.05-0,1 3811 54,52 7.36 599, 9%
1/35% 0.03-0,6 26.75 69.11 4,12 99.98
1/335 0.25-3.5(1) 25.453 69.67 4,87 99459
L7 0.3-0 7¢0,9) 29,09 65.84 5205 9298
1/366 0.2-0,3(0.8) 29.24 67.46 332 100,02
1/406 0,2-0.4 64,09 35.90 = 99,99
1/356 0,3(0.65) 45,46 50.96 2,44 98.86
* gize of the bigger grains in bracket
Location: 1/387 Fill slone east oc thapri., 1/406 Hi slopes NE of Khapri
1/335 S¥ of Gaidongari hill ra 1/372 South of Gq1ﬂ0ngari hill range
1/3595eutheast Gaidongari “1?1 range 1/366 E part of Gaidongari hiil near
Pauni-Khapri road. 1/356 ilil! sloves-ZTastern art of Gaidorgari hills
TABLZ .20
ifodal amalyeis of the meta-greywacke

59, Mo, Grain size of uartz. Fock frapments Sericite+ Total

gquartz in mm, chlorite+

iron oxide

17291 G.4-C.7 13.42 23.67 62,990 99,99
17395 0.15-0,2 19,58 25.47 5%, 99,99
Location® 1/391 3,7, Part ¥ill slopes aidongari hil’ range,
1/395 1", part Mil! slopes, Gaidongari hill range,
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Quartz. Generally the quartz grains have a uniform size between
0.1 and 0.2 mm, Within the mass of the smaller grains few bigger grains
varying in dismeter from 0,5 -1,0 mm, are obseived. The bigger grains
show internal granulation and undulose extinctirn, Inclusions of fine iron
ore. are often noted in several grains of quartz.

Chlorite-sericite. Chlorite occurs as an intergranular mineral

in patches. It is also f-und disversed in the rock as fibrous aggre-
gates and clusters of flakes. Minor amount of small sericite shreds
is found along the grain boundaries and interstitial spaces of quartz,

Accescsory minerals, Small sub-rounded grains of epidote are of

pale yellow colour, faintly nleochroic and have fairly high relief,
It shows sec~nd order polarisation colours, Zircon cceurs in small
euhedral grains with high relief and dark borders, Few srall orisms
of green hornblende with irregular borders are observed in the

groundmass,

4.4-2, SLATY SHALES AND BANDED SLATY SHALES

Megascopic character. The slaty shales are groy to ash grey in

colour and 2xhibit a dull sheen.Theyshow high decree of fissility with
closely spac:d lominations . Careful examination shows bands having
different shades of grey and ash grey with slight difference in their
grain size. The banded slaty shales exhibit distinct alternate bands

of licht and dark shades varying in t“ickness from 1 mr. to 6 mm, Tlack
and greyish black form the darker bands,while pinkish red,brownish red,
brownish grey and ash grey f?E?_the lighter bands. Dark coloured bands

are very fine grained while the lighter enloured bands are corparatively

coarser., Some of the bande are discontinuocus showing = lenticular form,
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In n few spcecimens,particularly those collected from the contact of
2auni Formation,minor faults with displacement of 2 to 3 mn, are often
observed. TheSe_min%turc faults strike at right angles to the bands with
a dip of about 70°, Bending and buckling of the bands are also noticed.

5laty cleavage {g generally well develosed.

Microsconic characters. In the banded varities the thin sections

show lipht and dark coloured layers due to the compositional variation.
Light co’oured bands are comnosed predominantly of quartz (0,05 mm,)
rarely with small amounts of felspars, and subordinate amount of
chlorite, sericite and ferruginous matter, Dark layers are predominantly
of chlorite and sericite with subordinate amount of quartz grains,
These quartz grains are finer in size than those present in the light
coloured bands. Ferruginous matter is often found al ng the grain
boundaries. Granules of iron-ore (limonite and hematite) are seen

in linear aggregations. Within the darker layers,the irregular bands
crnsisting exclusively of aggregates of chlorite flakes occur. The
chlorites are pleochroic in greerish yellow to brownish yellew and show

first order interfearence colours,

The slaty shales show discontinuous bands and lenticular patches
in 1 fine mesh of auartz,chlorite-sericite and {ron oxide. The proportion
of auartz and chlorite-sericite varies considerably in different
samles, Iﬁ?erfect development of quartz rich and chlorite-sericite
rich layers are sften observed, Some slaty shales show fracture fillings

with quartz,chlorite and iron oxide either indenendertly or mixed

together, The fillings are obsecrved both along and across the

bedding planes,
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4.4-3, META-ARGILLITES

Megasconic characters. The meta-argillites are softer and less

indurated as compared to the quartzites. These are generally fine

grained in the south and comiaratively coarser towards the north of

the area, The argillites present a wide range of colour variation

e.g. browrish yellow,pale violet,brownish pink, greyish yellow,greyish
browr ,brownish green,greenish grey and buff colours. The different

shades in the argillites are chiefly due to the variations in the

mineral composition osarticularly iron oxide.A few specimens show foliation
planes,

icroscodic features.

Texture and Mineralogy. In thin section,the meta-argillites

show a uniforn composition,with fine grained quartz ing matrix consi-
sting ~f sericite-chlorite,fine quartz(0,02 mm,) and varying amount

of iron oxide. 3m21l amount of rock fragments is often srosent, From
the modal analysis(Table 19) 4t is evident that the amount of chlorite-
sericite matrix far exceeds that of quartz grains,Certain variocies
differ from this normal type due to local variation. Such types show
either an abnormal rise in the amount of rock “Tagrents or quartz
grains with a corresponding decrease in the amount of chlorite-sericite.
Many of the thin sections show feaction of the matrix with the bigger
quartz grains, Some samvles collected near Thana contain udto 87 of

felspars, which was corspicucusly absent in other types.

Juartz, It is sub-angular to sub-rounded varying in size between
0.05-0.2 mm, Some bigser grains between 0.5-1 mm, occur enveloped by

the finer grains, Elongated grains show some degree of preferred
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orientation with strair effects. Majority of the smaller grains ig
nearly free of inclusions. Some of the longer quartz grains contain

very fine particles of opaque minerals,

Sericite-chlorite. They occur as fine mesh in the interstitial

spaces and around the grain boundaries of quartz, Fibrous aggregates
of chlorite stow pale green to green colours, Small colourless flakes

of sericite gro intimately irterspersed with chlorite,

Muscovite. Long slender flakes and aggregates of small flakes
of muscovite are crncentrated along the bedding planes. These flakes
form small flexures. It is colourless and shows high order -olarisation
colours,

Hematite. It occurs as opaque anhedral grains and stringers
and lenticles along the grain boundarics of quartz. In some sections
iren oxide particles are & concentrated in thin layers sh-wing
microfolds,

Rock fragments. The meta-argillifes occurring near the slate

boundary contain fairly good amount of rock fragments. They are
sub-angular to syb-rounded in shape and vary in size from .5 to 5 mm,
These ar: mainly composed of vein quartz,phyllites quartzites, sericite
quartzites., and shales. Reaction between the fragments and sericite-

chlorite matrix is often observed,

Accessory minerals, Tourmaline, epidote,zircon sStaurolite and
rutile are the common Accessories. Tourmaline , the most common  2rong the
accessories ,occurs as small srismatic grains with markad plecochroiam

from nale yellow to greenish blue. Epidote is roundedto subrounded,
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having pale green or greenish yellow colour with bright second order
polarisation colours, Zircor eccurs as sub-angular to sub-rounded
grains which are colourless to pale yellow or brown. Tew sub-anguiar
grains of staurclite present are identified by their palc yellcw

to bronze yellow pleochroism and first order polarisation coloure,

Rutileis present as small euhedraldeep red grains.

4,4 -4, METAGREY'JACKE

Yegaccopic character. It consists of angular o subraundecd

grains of quartz,small fragments of siliceous slate,phyllite and

other rocks all bound together by a fine grained matrix which imparts

a great toughness and hardness to the rock., It is greyish white to

ash grey in colour,having rock fragments of different sizes (ujtc 1 cm, )
and shapes in a matrix of white and greyish white colours, Small
scattzrcd vitreous,quartz fragments are evident to the naked eye.

This is a very unassorted rock,

Microsconpic features.

Matrix. The matrix consists of fine sericite 7!a%es with srbordi-
nate amount of chlorite. Minute granules of jron oxide are often disnersed
in the matrix, There is an incipient develoome~t of parallel thin
layering in the matrix. Randomly oriented big angular grains of vein

quartz and rock fragments are embedded in the matrix. Geveral long

slender muscovite flakes are often observed,

Rock fragments. The fragments are composed of vein quartr,seri-

cite-ohyllite(some with microcrenulations) hematite phyllite,fine

grained quartzites,mica schists and shales.The bulk of the rock
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fragments is of quartz and phyllites. Many of these quartz fragrents .
exhibit effects of reaction with the sericite mattrix, The fire and irre-
gular folia of sericite-chlorite from the sorrounding matrix penetrate
the boundaries of the quartz fragments(fig.lB%. The contact toetucen the
quartz frapments and the matrix gives serrated borders,with the acicular
sericite-chlorite folia projecting into quartz.Some quartz grains show
embayed borders in sericite matrix.In few quartz « fragments sericite
has reacted with quartz along the fractures to various degrees forming
a network. The relict quartz grains in the sericite matrix ghow optical
continuity,

iiccessory minerals., The chief accessory minerals are tourmaline,

zircon,eridote,staurolite and iron ore,having similar characters as

described in the meta-argillites,

4.4-5, SLATES AND THE ASSOCIATED ROCKS

4,4-5 A, SLATES

Megascopic character. As mentioned in geological set up

(Chanter II) the slatas of the Caidongari Formation are associsted with
hematite-quartzite and quartz veins at a few placas, Thair petrography
has beesn discussed together. Slates occur in a wide variety of colours
vizs violet,pinkish brown, dark ash grey,greenish grey,brownish grey
with nink tint,and dark-grey. Individual grains cannot be observed with
the naked eye. Minor amount of rock frogments is often present, Close
examiration of the rocks show a dull sheen,Foliation is well developed
in most of the rock types. The slates occurring at the contacts of
hematite quartzites are highly ferrug inous and of black colour, They are

hard and well foliated,
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M{broscopic features, Under the microscope the typical slates

show a homogeneous character in the size of their constituents and
texturé. Fine grained quartz mostly between 0.02 -0.03 mm, is dispersed
in a sericite-chlorite matrix,or aggregates of fine quartz form alter-
nate bands with.chlorite-sericite. All these elements show linear
orientation and parallelism, The amount of iron oxide varies in differ-
ent rocks. It occurs as clusters of granules and as large grains. Elon-
gated granules of iron oxides are either interspersed in the chlorite-
sericite matrix or form thin bands., In these rocks sericité predominates
over chlorite. Slender flakes of muscovite are also present 1in the

matrix, In the types grading into the adjoining variegated slates there

&

is much variatién in the grain size. Rock fragments of vein gquartz,

quartzites,phyllites,shales etc. mark their appearence,

4,4-5 B, HEMATITE QUARTZITE

Megascopic characters. This rock consists of quartz grains

of uniform size cemented together by hematite matrix. It is greyish
black in colour,sometimes with a sub-metallic lustre, Few th%p fracture
filiing veins(5-10 mm,) of hematite having fibrous nature and metallic
Hastre, are observed in these rocks. The fibres are pempendicular to
the walls of the veirs, Many thin quartz veins(C.2-1,5 cm,) containing
hematite matter traverse the quartzites. Joint nlan:s of these hematite

quartzite show. slickensided surfaces. Some angular to subangular

Quartz pebbles are noted in these rocks.

Microscopic features, 1In thin sections it shows sub-rounded

with
to round quartz grains varying frow 0.4 -0,8 mm. in diameter/ fri~monts of

fine grained quartzites,phyllites and shales in hematitéc matrix,
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A few detrital opaque iron ores are also observed, Grain boundaries
and interstitial spaces arc occupied by hematits as a cementing matter,
which appears to have replaced the sericite. The relict patches ef

sericite are still observed.

In Dglished sections under reflected light the detrital idiomor-
phic to subrounded grains are pseudomorphs of hematite after magnetite.
These grains have been wholly or partly altered to hematite (martiti-
sation), Relict patches of magnetite can be seen in the martite grains,
The hematite matter which forws the bulk of the rock exhibits the tynicai
cement texture, It occurs as fine laths,pdates andfibres. Due to
recrystallisation bip plates of hematite have formed. The plates havaz
well distinct cleavages in one direction. At some places triangular
pits have developed along the cleavages (fig.138 ). The cleavages show
flexures,microfolds and radiating pattern,probably as a result of pla-

«Stic movements during recrystallization, Some of the fibrous hematite
show several small soherulitic Structures (£ig.138). Goethite is observed

in miror amounts replacing hematite,

4,4-5 C, QUARTZ VEINS

Some milky white thick quartz veins (2 - 3 m,) traversing the
adijacent slates contain platy crystals of hematite along their weak
plancs. Thesc crystals are 1 to 4 mm, thick and upto 4cm, in lenpth,

They are silver grey in colour with metallic lustre and well develoned
rhombohedral cleavages. The hemetite associated with the quartz veins showg

well developed polysynthetic twinning in polished sections,
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4,4-6, VALIEGATE) SLATES

legascopic thavacter. As mentioned earlier the slates gradually
passes irto variegated slates with the increase of rock frasments,
These are different from.tho slates due to their heterogencous character,
The variegated avpearesnce of these slates {s due to the lenticular
pieces of rock fragments of various shades,renresenting shales,slates,
phyllites and quartzites and veir quartz. The fragments are of different
sizes varying from few mm, to as much as 8 cm, in their long direction
(f£igIm0,101 ¥ingular to subroundad quartz grains upto 2 cm, are observed
in the matrix. The slates are well foliated dve to patailel orienta-
tion of the foliated rock fragments and the groundmass, These show
different shades of pinkish brown,ash grey,greenish grey and slaty grey

colours, On clogse examination these rocks show a dull sheen,

Microscopic featurcs,

In thin sections rock fragments of various dimensions are
observed in & matrix of chlorite-sericite,fine quartz grainrs and iron
oxide granules. Cenerally the constituents exhibit g parallel orien-
tation, At times bigeer quartz grairs are randomly oriented, The
amount of iron oxide(ehiefly hematite) is variable, Sometimes the
matrix shows parallel bands Rhaving marked variations in the iron oxide

content,

Rock fragments, Fragments of vein quartz,sericite quartzite,

sericite dhyllite,foliated quartzite,chlorite quartzites, shales and
chlorite schists are often observed in these rocks. Quartz and

quartzite fragments arc sub-angular to sub=-rounded, Fracmente of
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ohyllites and shales are elliptical or augen shaped and show linear
alignment (fig.137). Reaction betwecen rock fragments and chlorite-seri-
cite matter 1s a common feature giving rise to serrated borders in the
former., There are few oval or round fragments of chlorite schists
consisting of chlorite and magnetite or chlorite and quartz, This
chlorite is fibrous to flaky in nature and pleochroic from nale yellow
to dark green,

Accessory minerals. Tourmaline,epidote,magretite and apatite

are the common accessory minerals showing tynical characters,

4,4.7, CONGLOMERATIC SLATES

Conglomeratic slates consists of an unassorted assemblage. of
phenoclasts pebbles,cobbles and boulders in afragmentary matrix of
slates and ohyllites, The matrix is foliated and the folia are distor-
ted near the larger ohenoclasts, The folia berd down bencath them as
well as arch over them. As mentioned earlier, the phenoclasts are of
different sizes,and bouldars of 30 cm, in diameter are not uncommon,
They are mostly subrounded.Many of the smaller phenoclasts{pebbles)
are elongated. The phenoclasts are dominantly composed of quartzites
(F1g.102 ). A few boulders and pebbles of banded-hematite jaspar and
hematite quartzites have also been noted,

Some thin Secﬁions of quartzite phenoclasts and polished

sections of iron ores have been studied. .

X texture
Ohlorité guartzite. It shows granoblastic /with wide spread granula-

tion. of many quartz grains. Mortar texture is observed with the bigger
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grains of quartz girdled by swaller grains, Average size of quartz
grains is between 0.5 -0,8 mm. Undulating extinction is consaicuous.
Pibrous and flaky green chlorites are seen in the interspaccs of quartz

grains,

Ferruginous quartzites. It also exhibits granoblastic texture

with grains slightly interlocked. Quartz grains vary in size from
0.2 to 1 mn, Brown iron oxide with subordinate amount of chlorite
occudny the grain boundaries and interstitial spaces. Frarments of

quartzites and chert are noted,

Banded iron ore. The polished sections of the banded iron ore

under reflected light show magnetite ,hematite,and minor amount of goes
thite. Magretite forms biz anhedral grains with rugged borders,
forming bands in quartz sangue. The magnetite has peen partly altered
to hematite. Several small idionorpEECgrains of magnetite are dis-
persed in the gangue. Goethite showing coiloform texture occurs in

veins along with colloidal silica,

Massive iron ore. The polished sections of massive iron ore

boulder consists mainly of hematite. Relict patches of magnetite are
often scen in the hematite and the latter often »resarves the octa-
hadral cleavapes of magnetite. It can be safely concluded that the
hematite has formed after magnetite, Small streaks and stringers of

hematite are also seen in the gangue,
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4,5 YOUNGER SEDIMENTARIES

4,5-1, CONGLOMERATES

The corglomerate consists of sub-rounded to rounded pebblas,
cobbles,and few boulders in a matrix of ferruginous sandy clays., Among
these phenéclasts cobbles form thellargest constituent, Granule size
rounded fragments are observed in some spefimens. The phenoclasts are m
mostly composed of white and grey vein quartz and quartzites, A few
smaller ohenoclasts are of quartz-mica schists, The size of the pheno-
clasts and other field features have already been described in
Chapter 1I, The matrix shows various shades of brown and grey
Sandsize particies dominate over the clays. Its mineral composition

is similar to the overlying sandstones as described later.

4,5-2, SHALES

The shales are soft, fissile and laminated, They give earthy
smell on moistened surfaces. These show various shades of light brown,
pirkish brown and greenish grey colours. The colours appear to be
due to different amount and state of oxidation of iron, On fresh
cleaved surface a dull sheen is observed in some cpacimens due to presence
of fine particles of mica (sericite)., Some specimens enntain thin lenses
of éiltstone and sandstones with sharp contacts, U;der the microscope
the grains are extremely fine and difficult to identify the minerals
with certainty. Under high magnification,however, sericite,chlorite,
quartz and iron oxide have been recognised, In certain sactions thin layers

of coarser materials of silt size are banded with finer material,
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Tﬂe sandstones are of buff,brown,white with red spots,yellowish
brown,greyish white and brownish red colours., A few sandstones of grey-
wacke nature are of olive green to greenish grey colour and hard in
appearance. The matrix appears to be clayey with various amount of
ferruginous matter, Mica /4s: visible to the naked eye, Most of the
sandstones are soft and can be disagpregated easily, Some of the sand-
stones are hard and highly indurated, The detrital grains (mainly of
quartz and felspars) are sub-angular to subrounded of varying sizes
from 0,2 mm, to 2mm, in diameter with an average grain size of 0,5 mm,
Ferruginous matter and chlorite occudy the grain boundaries and act
as cementing material, Some of the thin sections contain many smallor
quartz grains occupying the interstitial spaces of the bigger grains,
The major constituents of the sandstones are quartz,felspar,rock
fragments,chlorite and iron oxides, The comwon accessories are garnet,

tourmaline, sphene,hornblenda,zircon, iron ore,muscovite and biotite.

Quartz. Three varietics of quartz have been observed: (i) strained
variety showing undulose extinction (ii) quartz showing sharp extinction
(111) quartz containing small inclusions of chlorite,biotite and felspar,
having both» sharp and undulose extinction, The first varfety appears to
have bren derived from quartz veins while the second and third from

igneous and metamornhic sources respectively,

Felspars. Felspars are comparatively smaller in size, Most of
the felspars are mierocline and perthite. Minor amount of nlagloclase
felspars f§. also noted, Many of the felspar' grains exhibit incizient

Sericitisation,.
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Medal analysis of sandstoncs of the younger sedi-entaries

2o, Ho, Grain size {uartz Felspars Rock frag- Matrix Total
in om, * ments
1/1202 g, 70 (2) 74.8 6.8 8.4 10.0 10¢
1/1508 B, 56(%,. 72 79.0 4,8 cal: 14.1 100
1/1314 0.45(1,0) 59.4 o 4.2 13:9 1006
1/1323 QS0 L5 738 8,10 S5 R 10.8 100
141317 0.50(1.5) 2745 19.4 3.8 L =3 ' 100
1/1519 D2 (25 55.6 22:.D 5,05 )i . 100
171327 L2 UL 79 79.0 4.7 Sutd . I 134
1/1330 A 78455 10,8 o i 4.8 400
171320 0.55(2) 69.1 1525 357 11.7 120

* size of bigper grains in brackets

—
Location: 1/1317 Near the junctior of Fauni road and Donrich nullah
1/1319 The hills west of Dhanori, 1/1320,1/1327 & 1/1330 "ills and rullahs
gouth-west of Dharori, 1/1202,1/1308,1/1314 & 1/1324 Donrich fullah,
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Rock fragments. The rock fracments are generally bigger in size

compared to the quartz grains. They are of varied composition., The
following rock fragments have been observed in the sandstones: pegmatite,
granite,chert,slate,quartzites (fine and coarse graircd),phyllite and

quartz-chlorite schists. These are sub<angular to subrounded,

Accessory minerals. The accessory minerals identified in thin

section are chlorite,muscovite,biotite,tourmnline,zircon and epidote. Some
of thesc conspicuous minersls have been described later in heavy minerals,

Mechanical analysis of sandstones

In order to study the environmental conditions of denosition and
to correlate them with the sandstone formations from clsewhere {n India.
three samples each from two distinct horizons A(lower vart of the
Lower Sandstones) and B ( upper part of Lower Sandstones) were analysed

for size frequency distribution and for heavy minerals,

Horizon A represents 7 metres thick svndstone beds on the left
bank of the Wainganga river approximately one kilometre south of Pauni
bridge and 1% Km, north of Kodurli, Specirens 1,5 and 8 belong to the
bottom,middle and top portions respectively, of this horizon., The horizon
B represents sandstone beds of about 13 metres ti'Ick exposed about 2 Knm,
northwest of Dhanori. Specimens 9,14 and 18 reprasent the lower,middle and

upper portions respectively of this horizon,

Phe samoles were thoroughly disagpregated by gentle crushing
and the different mesh size fragments were separated by sieving 50 #ms,
each of the disagpregated material. Table 22 shows the details of the

sieved samples with the weight percentages and cumulatiyc percentages,



I A B I K= 22

ANTOCAL ANALYSIS OF 8 ANDSTONE
HORIZON-A
SANPLE Mo.1 SAMPLE No,5 SAMPLE No.g
Mesh No.  Screen opening 't. of retained t.7% Cumala- Wt, of sand "t. 9 Cumula- Ht. of we. 7 “urulative
(Eq. diameter sand (gms.) tive 7 retained tdwe 7 sand
in @ ) (gms.) retained

(gms.)
25 0.7418 25,065 5. 13 30,13 1&.055 b1} 36,37 1,50 3.00 3.00
36 1.2460 9.860 19.72 69.85 6.320 12,64 4B.75 6.22 12.44 15.44
52 1.7630 3= 580 .18 81.03 6.615 13.22 61.98 9.40 18.8C 24,24
72 2.2460 3,295 7.79 B8.82 8.125 16.25 78.23 (0% i S 26.22 60,46
120 2.0066 AL 5.41 94,23 5.620 .24 pe L7 11.0C 22.00 82.46
150 3.2642 1.470 2.94 97.17 2,885 S. T8 YR8 4.67 5.34 91.80
170 3.4916 G.590 1,18 98.35 0.765 1.33 94,77 ST . 2,24 94.04
200 3.7140 0.345 0.69 99.04 0.745 1.49 98.26 1.10 2«20 96,24
240 e 0.470 3.94 99.98 0,860 1.72 - 99.38 1.86 372 99.96

45,990 49,990 49,98

HORIZON -B
AMPLE No, 9 S.M2LE No, 14 SAMPLE No,18

25 0.7418 1,245 2,59 2,59 31.20 62.40 62,40 25,610 DL 51.22
36 1.2465 4,535 9.07 11.66 bk 1342 F2.82 11,870 23.74 74.96
52 1.763¢C 6.880 13: 76 2562 3. 79 7.5¢ 81.40 5.150 12,30 85.26
72 2,2460 10.265 20,53 45,95 3,19 6.38 87.78 2,530 5.06 96,32
120 3.0060 12,820 25.64 71.59 2.20 4.40 92,18 1.675 3.35 93.67
150 3.2642 T:330 14,66 86.25 1.49 2.98 095,16 1.440 2.88 96.55
170 3.4916 1,720 3.44 893.69 .50 1,00 96.16 0.350 0,70 97.25
200 3.7140 1.475 2.95 92,64 0.41 0,82 66.98 0.426 2.89 98.09
240 = A 3.670 7.34 99,98 1,00 2,00 98.98 0.940 1.88 LI

49,900 49,49 49 .985

Lnalyst

N.G.K.Mair



The cumalative wéight percentage of the samples were plottgd on a
probability paver acainst their respective grain size(in phi units),Ph?
units have been used as the abscissa,and the cumulative weight percentag.

of the samples as the ordinate (Eig. 35},

Interpretation of the cumulativo curves,

Table'23 shows the calculated values of average grain,sorting,
skeweness and Kurtosis of the different samples and the values in
the two horizons A ard B, The method followed for the interpretation ol

the above statistical parameters of grain size is that of Folk(1957).

The horiz-ns A and 3, are in general, coarse grained and poorly
sorted, The skewness and Kurtosis values indicate steady conditions
of devnosition. The coarseness of grairs and their poor sorting,thereforc,

indicate a very near provenance for these sediments,

The horizon A is finer and better sorted than the horizon B, This
indicates that the sediments of the former haweundergone more trans-
portation in comparison to the latter, assuming that the medium of
deposition has rota played much role in the sorting of the sediments,
This is further indicated by hearly symmetrical distribution of grain

size with the kurtosis values reaching as nearly as one,

In horizon A, the grain size gradually decreases from the base
towmadds the top while in horizon B the grain size gradually increases
towards the top. In view of the fact that the grain size decreases, and
sorting improves with the transport, it becomes apparent from the table
that horizon A and B have somewhat different provenances. This conclu-

slon has been corroborated by tha heavy mineral studies of the same



-:1123: =~

specimens,

Heavy Minerals

Beavy minerals of the sandstofe samples of the two horizons were
separated from + 120 and -150 mesh sieve fractions. The following heavy
minerals have been recognized: Horizon A - zircon,tourmaline, sphene
and rutile with few grains of dumorterite and garnct. Horizon B-
kyanite,sillimanite,garnet,staurolite,dumorterite,tourmalire,zircon,

sohene,rutile,corrundum,chlorite and hornblende.

Horizon 4,

Zircon- The zircon grains are generally brown and occur as
euhedral orismatic crystals, Few spherical grains are also found:
High relief, marked dark borders and high polarisation colours are
distinct characters

Tourmaline,It is the most common heavy m neral present ip
the wvarious samples, The prains are generally sub-rnunded to rounded,
though, euhedral srismatic crystals and anhedral grairs are not
uncommon, Two coloured varicties of tourmaline arc recognised, (i)light
to dark brown,sub.rounded elongated grains (ii) light to dark green
rbuﬁded grains. Strong pleochroism and straight extinction and masking
of the polarisation colours by the body colours are characteristic

nroperties,

Rutile. It is cherry red 1in colour and occurs in prismatic

grains with rounded edges.

Sphene. It occurs as sub-angular to sub-rounded grairs of small

size with several fractures. The brown body colour masks the interferenc:



-1124: -

colours, It is distinctly pleochroic,

Dumortierite. Only few grains have been observed, Marked >leo-

chrofsm from blue to deep blue colours is observed. Tha grafes are sub-
angular,prismatic and elongated with conchotdal fractured suefaces.
Carnet, Very few grains of garnets have been obsarved, The grains

are subrrourded, pink in colcur and isotropic.

Horizor-3.

Kyanite. It is colourless and prismatie to elongated gratms with
semf-vounded edges. Cross fractures and ine!{ned extinction are chéra-
eteristie,

Sillimanite, It occurs as platy and elongated calourless grains

having rounded edges, aud showsstraight edtincflon and second order
colour,

Corrundum, It occurs as sub-angular,colourless grains having
mny inclusions and exhibits very high refractive index,
Stauyrolite. The grains are angular to sub-rounded and fractured,
Varieties having lemon yellow,oreerish yellow,olive green and reddish
brown colour are common. They are markedly pleochroic, The reddish
brown variety pives the maximum absorption,

Garnet, The prains are generally angular to subrounded,riddled
with quartz and macnetite inclusions. The Sufface is 4rregular due to

conchoidal fractures. It is colourless and isotronle, ,

Hormbiende. It . occurs as sub-hedral grains with marked striations

across their cleavages., It is pleochroic in green to brownish green,

Extinction usto 20° is noted,
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Tourmaline. It occurs 2s sub-rounded pink to greenish blue
colours with abraded seccondary overgrowth having light blue colaur,
The grains are pleochroic ard the polarisation colours are generally
marked by body colour.

Zircon,sohere,dunorterite and rutile exhibit the same characters

as mentioned earlier in horizon A,

It is quite evident from the above studies that the horizons A
and B show marked variation in the characters and distribution of heavy
minerals, Horizon A is characterized by a heavy mineral suite probably
derived from acid igneous rocks, Korizon B is marked by a diiferent
suite of heavy minerals characteristic of a metamorphic provenance., The
difference in the provenance of the two horizons amply supports the
conclusions derived on the basis of the mechanical analysis as mentioned

carlier,



PETROGENESIS AND [ETAMORPHISM

5.1, INTRODUCTION

An attempt has been made in the féllowing pages to investigate
the genetic aspects of the various rock types described in the
preceding ch-pter,based mainly on their field relations,mineral para-
genesis and grade of metamorphism., The chemical aspect involved in
the formation of minerals,has been discussed wherever sossible, in
the light of the knowlzdge from the available literature on identical
rock and mineral associations of other districts., In the.absence of

»
chemical data of the rock tyses of the present area, the objective
of the discussion is to compare the mineral and rock assemblages of
the area. under investigation with that of similar types elseWhere
apd to elicit inferences therein. During the discussions emphasis
has bzen given on the origin of amphibolites,granites and the iron
ore bodies,while the genesis bf the ultrabasics and thev chromite

devosits have been dealt in Chapter VI'g IX respectively,

The discussion has been Presented following the stratigraphical
succession i.e. the Pauni Formation, the Parsori Formation, the
Bhiwapur Formation and the Gaidongari Formation,whigh form separate
structural and metamor-hic domains, The deposiﬁional conditions of
-the Younger Sedirentaries have already been mentioned in Chapter IV

along with the petrography,
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5.2. PAUNI FORMATION

1

As.mentioned earlier the Pauni Format<on chiefly consists of
chlorite~schists with few thin lay=rs of magnetite-quartz-grunerite
rocks and with intrusives of ultrabasic,basic(am>hibolites) and acid

rocks (grarite and pegmatites),

5.2-1, CHLORITE SCHISTS AND QUARTZ-MAGNETITE-GRUNERITE ROCKS

The composition of the country rocks irdicates that origirally
the sediments were deposited mainly as ferruginous clays with few
iron rich siliceous bands, Presence of chlorite indicates that glays
were rich in iron-oxide ard alumira and poor in alkalies, During the
Tegional metamorphism in the greenschist facies the clays were c¢orverted
into chlorite schists, Locally few ferruginous silics rich layers gave
rise to quartz-magnetite.grunerite assemblage, Stress cnvironment is
generally considered to be conducive to the developmert of grunerite,
The formation of grumerite in regiorally metamorphosed iron rich
siliceous sediments has been discussed by many authors(Gruner 1922,
Tilley 1935,Tyler 1949).Grunerite is believed to have beer developed
either from siderite or from preenalite,which weirc formed during
diagenesis. of the sediments, The following ecuations represent the
trend of formation of grunerite.

7 Fe i303+ 5102 + dzo —_— (OH)ZFe7818022+ 7 CO?_
siderite Grunerite

n Q ok Q T i Q : 4
7 ;8301203(0.!)4+10 QiBOZZﬁ 3(0!‘1)2Le7-318022+ 11 ..‘120,

Gracnalite Grunerite

Harker(1932)cousiders tlat siderite or greenalite is converted

to magnetite during the first stage of metamorphism and grunerite is
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formed in higher grade,preserving some magnetite, The grunerite rich
racks of West Manquette,lorth Yichigan are considered by James(1955)
to have derived from toth carbonate and silicate facies of primary
{ron formation. The change from lowcr grade silicates to grunerite is
simoly a transformation from one silicate structure to another. As the
carbonate facies'is entirely absent from the present area, it is quite
possible that the grurarite was derived from the lower geade silicate

f.e. greenalite, 2ure irom rich and silica rich portions were trans-

formed to magnetite and quartz,

5.2-2, AMPHIBOLITES

Metamorphic rocks composed principally of hornblende and
slagioclase are grouped as amphibolites. Genetically amphibolites are
grouped into two divisions (1) ortho-amphibolites and(2) para-amphi-
bolites. The former 5 metamorphosed derimatives of dolerites,
gatbros,basalts and basic tuffs,while the latter generally results
from the metamorphism of calcareous or dolomitic sediments., In many
regions both nara-and orthoesamphibolites occur together which have
posed many problems for their proper grouping. The problem is compli-
cated because of the identical mineralogical composition and general
abserca of relict minerals and textures. In ortho-amphibolites,the
initial cross-cutting relationship between the dikes and céuntry rocks
is destroyed by subsequent recrystallisation and differential movements.

Many workers have discussed the genetic aspect of the amphibolites
(Engel and Engel,1962,1964, Kulp and Poldervaart,1956;Hilcox and

Poldervaaet1958;"alker 1960,;Evans anl lenke,1960;Leake 1964).
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: v
Yodar and Tilley(1956) durirg their exocerimental investigatiors
on the basalt-water system have found that basaltic magma with high

water €ontent would crystallize directly to amphibolites or hornble-

ndites. ¥ilcox and Poldervasrt1958) have raised the question,whether

some of the amphibolites and hornbleﬁdites described in the litetrature

as being of metamorphic origin were not really of primary magmatic

" origin, This view has added a new significance to the amphibolite

nroblem. However, this has yet to be corroborated with oroper field

andlaboratory evidences,

Table 24 gives a broad d outline to distinguish between para

and ortho-amphibolites, The salient features of the Zauni amchibolites

"are also given for cemparison, Tn the basis of the field characters,

the inter-relations of various rock types,and the microscopic features

it has been concluded that the amphibolites of the present area were
intruded origirally as sills of basic composition into the country
rocks undergoing regional metamcrphism, During the regional meta-
worphism,the. pyroxenes were completely converted into hormblende. The
silica released during the process formed interstitial ouartz. The
originallatradoriﬁé!ﬂas changed into andesine. The calcium left in
this process was consumed in the formation of sphene and epidote, From
the mineralqgical cvidences it is assumed that trc original basic
rocks did not undergo the preliminary stage of corversior to albite-
actinolite or albite-hornblende assemblage of the greenschist facies,
but were directly transforaed into the hornblende-andesine assemblare
of the almandine-gmphibolite facies; whereas the country focks of the

area belong to the greenschist facies, The anomalous metamorphism of
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the basic rocks is prsbably due to the varying water content and thair
difference from the country rocks in susceptibility to the same inten-

sity of stresses, The chlorite observed in the amshibolites appears

mostly as secondary alteration product after horablende.

As mentioned in Chapter II the marginal zones of some of the
thicker amphibolites, are finer grained and well foliated while the
inner portions are either-very poorly foliated or even massive., The
reduction in grain size and the change in texture alonz the margins of
aﬁphibolites may be due entirely to crushing and only incipient recy-
stallization during metamorshism (Poicdervaart 1952). Ihe amphibolites
of northeastern jart of Eius-s area, Adirondack mountains, New Yrok
showing such finz graiﬁé&»margins, give the appearance of relict
chilled éoﬁes (Zngel and Engel 1962), However, it has been doubted if
such margins are really chilled zopes, In the absence of nositive
evidences of crushing effects in ¢he amphibolites of the oresent
area, it has been assumed that they most probably represent the

relict chill!ed margins,

5.2-3, GRANITES PEGMATITZS ANJ MIGMATITES

GENZ AL CONSIDERATIONS

3ince the middle of the last centuary, the origin of granites
has haeen one of the most debated and dis~uted problems of geology,
It still continues to be so, inspite of the great strides made in the
fields of petrology and petrochemistry, Tho grarite céntrovefsy has
arisen due to the fact that rocks of similar composition have
been observed in different settings varying in shane,size,structure

H

]
association, and distributicn Ir g2acec end tine, Hence different
I
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sehools of thought have been established arouni this problem, Some of
the renowned geologists like J.J.Sederﬂolm,C.E.Vegmann,?.zskola,
N,L,Bowron BH,Read,E.Rapuin and A,F.Buddington, devoted rany years of
fruitful research on the oroblem of granites, Accordingly vast amount
of literature has accummulated on this problem., Though it is beyond the
realm of this work to go dee> into the granite controversy, an attempt
has been made in the following pages to discuss briefly some of the
salient points with a view to- Qnderstand the genetic. aspect of the

granites and allied rocks of the present area.

Broadly, there are two different lines of anproact to the origin
of granites, one followed by the 'magmatists' and the other by the
‘transfornists’', The magmatists corsider that granites are of igneous
origin, as a result of corsolidation of a magma or a fluid rock sub-
stance, intruding into the country rocks, According.to the 'transfor-
mists' granites are formed by a 2rocess known as graritisation by means
of which the country rocks are converted into or replaced by rocks of
granitic character without undergoing a magmatic stage. Among the
magmatists, there is difference of oninion with fegard to the source
of the grarite magma. Similarly the transformists disagree on the
orocess of granitisation, In many grarite districts, there is an
intimate association of granites, pegmatites and migmatites, Hence
the problem of grarites is interlinked with that of pegmatites and
migmatites;

Orjgin of granite magma. As mentioned earlier, opinion varies on the
origin of the magma which on cooling forms granites and related rocks.

The various sources of magma envisaged by different workers are
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given below;
(a) Refusion of the base of the granitic layer (Sial) of the earths
crust by meltirg,
(b) Fusion of geosynclinal sedimﬁnt§ giving rise.to a magma of
granftic composition fpalingenosis of Sederholm), Similarly,
granite magma is produced by differential fusion of mixed

rocks in the continental bascments(anatexis of Gskola).

(¢) By assimilation and differentiation - differentiation of a
syntectic magma formed by the solution of granitic or other
salic material in basaltic magma,

(d) as product of differsntiation of basaltic magma as such.,

Sederholm(1923,1926) has also considered that under the influ-
ence of either the ichors (refused melt of granitic composition)
or of a magma the country rocks would be converted into a new anate-
céic magna, that‘on i corsolidation gives igneous rocks.

Bowen (1248) strorgly supnorts the view that most most granites
have been produced throughout the geological time by.the differenti-
ation of a basaltic magma, in part somewhat modified in the course of
its rise, from the depths, The granite is the normal up-ermost

\

differertiate produced by repeated gravitation énd tectonic(filter
sressing) separation of series of crystals frém a éontinuously
ehangiqzmather liquor,.Turner and Verbongen(1961) accepts the hypothesis
that most large'bodies of granite rocks have formed from a graritic

magma, They think it probabte that largely liguid ard granodioritic

magmas formed by glmost complete fusion of deep seated rocks, or
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Squeezed upwards from deep zores of partial fusion have repeatadly
irvaded the upper crust on large scale. In addition to tha above
extensive magmas, thesc suthors envisage the existence of small bodics
of grarite magmas derived from the differentiation of basaltic magnae ,
According to Winkler(1965) granites ,like the graritic portions of mig-
matites, have crystallised from anatectic magmas, He sgrees that meta-
somatism on a local scale takes place in the vicinity of intrusive
contact to produce granite like rocks by felspar metasomatism,

The following ficld and laboratory evidences are often called

in supoort of granites of magmatic orig

in.

cid bodics show intrusive characters and discordance with the

(=

1 ‘The

n1}

regional trend of the country rocks. They inject apophyses into the
eariier rocks and ‘enclose angular to sub-angular shaped fragments of

the surrounding rocks,

2. 1t shows several evidences of magmatic stoping.

3. It shows cortact metamorphism on the country rocks without any
gradation,

4, In bigger bodics there is progressive increase in grain size from the
outer cnoling surface towards the core of the mass.

5. It generally cxhibits flow structures and typical joint pattern
caused by the mass flowage of the magma,

6. Gradati-nal features in the mineral composition within the graritns,
but not with the wall rocks. The overall texture is of uniform character,
7. In most ofthe granites of confirmed magmatic origin the predomi-
nant potash felspar is microperthite whereas in rocks which are definite

products of granitisation the predominant potash febpar is microcline
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(or orthnclase) with little or without microperthitic intergrowth, Further,
the nlagioclasc present commonly exhibits zoning,

8. Included minerals represont those of the earlier crystallization from
the magma, They show sharp bourdaries with the host,

9, Yenoliths and xzenocrysts may show reaction effects,

13. Presence of unusual accessory minerais,

11, Deuteric alteration or autometamorphism exhibited by the minerals may

be considered as the end phase of magnatic crystallisation,

Views apainst magmatic origin., The most imvortant argument opposed to

the magmatic origin of the grarites is the space problem posed by huge
batholiths, How could such enormous volume of space was made available
in the earths crust? The hypothesis of granitisation developed as a

corollary to this unexplained guestion,

It 1s logically cxplained that only a small quantity of granite
can be formed by the fractioral crystallisation of a basaltic magma,
Daly(1932) has remarked thus,"a stupendous quantity of basalt wouyld
have to crystallize in order to make a batholith of grarite’. The
transfornists agree that small bodies of granite cap form by the abovs
processes but vchemently oppose the idea that bigger bodies of batho-
lithic dimension result from this process,

Granitisation

Grout (1948) defines granitisation as follows * It is a group
of processcs by which solid rock(without enough liquidity at ary time
£o make it mobile or rheomornhic) is made more like granite than it

vas before, in minerals, in texture and structure or both,"



The ear’ier advocates of granitisation considered that metasomatic
relacement took nlace in a pervasive fluid medium variously designatad
a8 'emanations' 'ichor' or 'juice'. In these metasomatic
processce only small part of the mass would be liquid in a disseminated
O perwasive State. The above proccss has been termed as 'wet! gra-
ritisation by Bowen (1948}, Later, the idea of solid diffusion (dry
granitisation) was advanced, wherein the migration of {fons through
crystals, devoid of a pervasive liquid, caused granitisation,

1

‘dat' pranitisation

Accordine to the differntial anatexis(selective fusion) theory of
Eskols(1933) quartzofelspathic portions of silicate rocks in dees zonss
melt, and the intergranular liquid produced would be injected along the
shear planes of the rocks, migrating over great distences, The mobi-

lised material by metasomatic renlacement gives rise to great masses

of grarite of batholithic dimensionsg,

Read (1948) visualises granitisation as a plutonic problem closely iin-
ked up rith mighatitisation ,pg metamornhism, The formation of a
series of metamornhic zones is attributed to changing physicoe-chemical
controls caused largely by the permeation of metasomatising solutione,
Read opires that only by this process can original Scdimentafy textures
and structures be sreserved, “oodspead(1948) ex»lains the following
machanisms for the formation of grarite masses during t“e climax

of nrogressive metamorphismj (a) gradual permecation of activating
solution, (b) recurring fracturing permitting solutions to act Drogre-

ssively upon thae wall rocks, (c) crystalloblastic srowth from centres
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of recrystallisation replacement (d) solid diffusion.These mechanisms
may act independently or in combination of varying strength in different
areas.

According to Marmo(1962) the formation of pranitcs is closely
related to regiopal metamorprism of geosynclinal sediments, Ouring
regional metamorphism potassium and water are released froem the sedi-
ments creatirg hydrothermal solutions,which transport the material
necessary for the formation of granite composition, Marmo considers
that "if the regional metamorphism is tectonically simple, granodiori-
tigation of sediments with localgranitiggtio; phenomenon will probably
result. If, on the other hand, the regional metamorphism is accorpanied
by strong tectonic features, the nlaces of lbwar free energy will cer-
tainly attract the hydrothermally removed materials and they will be
accumulated there forming aplitic, pegrmatitic or granitic veins, dykes
or large bodies, often appearing as the metasome of mismatites".

Among the Indian workers Sharma(1953) ,Bagchi (1957) and
Jhingran (1958) have cited several field and laboratory evidences
in support of granitisation processes, GSharma has .opined that the
banded gneisses and migmatites of Rajasthan are mainly the result of
granitisation of the country rocks, Bagchi, while discussing the
gneisses granites, pcgmatites and migmatites of Rarchi Plateau,

Bihar, has concluded that these acid rocks have formed due to syn-

tectonic granitisation of the pelitic and semipelitic schists by
the permeation of the granitic fluids., He has further covrelated
the granitisation with the Satpura orogenic cyecle, According to

Jhingran (op, cit) the extensive Bundelkhand granites and gneissas
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have originated as a result of intrusion of magmas formed by anatexis

and palingenesis, followed by metasomatism of the country rocks,

Solid diffusion ('Dry' granitisstion)

Solid diffusion was advanced as a hyoothasis in opoositien to
transport by a pervasive liquid (ichor) by Zecrrin and Roubault (1937),
They rejected the medium of liquids or fluids ertirely, Many workers
like Rzmberg(l944),3ugge(1945),Backlund(1946), and Reynolds(1947) have
discussed in detail the merits of solid diffusion to produce granites
nf batholithic dimensions, Ramberg cites an activity grandient for the
migration of ions while Bugpe Suggests a gradient of chemical potential,
Certain nucleii in the earth's crust with concentration of tempera-
ture or pressure are envisaged. From thse centras of activity or
potential migration of ions take place towards areas of normal pressure
and temperature conditions. Migration of inns causes replacement
leading to the formation of gvanites, Dur?is the migration the rocks
are immersed in a molecular ;;a ionic system of particles through the
interstices of the minerals themselves altering the rocks metasomati-
cally into granites. Reynolds(op. cit,) concludes thatduring the comnlex
series of ionic migration, there is.é balanéed addition and subtra-
ction of the materials, as a result of which while the rocks approach
the composition of granite, others rcceive additions including Fe,
and Mg expelled from them and become more basic, Migration of ions 1is
supposed to take place through space in the crystal lattice from one

lattice point to another within the crystal mesh,and the houndaries

of theclosely packed crystal grains., Backlund(op.cit,) states that



"granitisation is a migration of ions within solids by way of structural
faults,deformations and crystal discortinuities and by means of poten-
tial differences of lattice energies, the result being remodelling
égd'substitution”.

Migmatitisation. As migmatitisation is generally related and coeval

with the formation of granites the following three machanisms are

accepted in its evolution on the basis of tho foregeing discussions:

(1) Injection of magma along the plancs of weakness, the resulting
migmatitites are termed as arterit- or njecticn gneiss,

(2) Motasomatism of the country rocks by the permeation of ‘ichor!
or granite juice,

(3) Differential fusioé of host rocks yieiding granitic quuidis
which segregate into thin bands, discontinuous streaks and

veins,

Evidences in support of granitisation. The following evidences are

generally cited in favour of granitisation,

L. In many granite districts sections across the strikc show a
transition from country rock to granite through an intermediate zone

of migmatitisation and felspathisation,

2, Preservation of sedimentary and tectonic structures in the granites,
3.. Regional orierntation of skialiths in corformity with the country
rocks,

4. The strike ard dip of foliations of the granites(gneisses) are in
continuity of the identical directions with foliations in the

surrounding metamorshic area,
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5. The shape of unreplaced remnants in replacement bodies is normally
rounded,irregular and scalloped in outline.
6. The large metacrysts of felspars occurring in the courtry rocks are
identical mineralogically and chemically with the phenocrysts of the
granite bodies,
7. The ptypmatic folds are proof of deformational movements, during

L
granitisation when the environment Was at a maximum state of k mobili-
sation,
8. The graritic material may grade from one point to another from the
pegmatitic facies to the aplitic facies or to real granite,
9. Whera intersecting joint cracks h ve formed the initial channels,
progressive replacement at right angles to these fissures will first
oroduce block like masses of country rocks which will appear to be
fragments but are only relicts,
10. Abundance of myrmekites in the granites and migmatites and frequency

of sutured textures,

Objections to granitisation process, Bowen (1948) notes that the heat

supoly to keep the metasomatising solutions fluid as they permeate
miles of relqéﬁely cold rocks must be epormous and it cannot be avai-
lable at the source of the solutions, Further the conversion of the

low grade minerals of the feosynclinal sediments to high grade minerals
of granite Tequires very large heat erergy. The ichor is incapable of
producing the required energy, Reparding the solid diffusion Process,
its advocates have not given any satisfactory explanation regarding

the nature of migration of the ions, 1In areas of chemical potential,

all the atoms of the various corstituents of the rocks are equally
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affected, Few questions on this arise which of the ions would mipgrate
ard which would be left behind ?That happens to the Fe,Mg Al ions
which are removed from the replaced sediments? The 'basic front' idea

of Reynolds is not Supported universally by field evidences,

The pranites.pegmatites and migmatites of the area,

The acid bodies of the area show the following field and labora-
tory evidences in support of a magmatic origin:

(1) The granites,pegmatites and the quartzofelspathic veins forming
migmatites are interrelated in their field features and minera-
logical composition,

(2) Majority of the acid bodics shows concordant relation with the
chinrite-schist country rocks, Some of them exbib’t discordant
relation with the ultrabasic and basic intrusives,

(3) They show sharn contacts with metamor-hic effects,on the
intruded rocks perticularly on the ultrabasics,

(4) They generally have lenticular form and Pinch and swell structure,

(%) Individual bodies exhibit uniform texture,

(6) 7oning of ?lagioclase(oligoclase) minerals ¢*'Corrosion effects

on the felspars are often observed in thin sections,

The genetic relationship of the granites,pegmatites and the migma-
tites is clearly apsarent in the field. Where large nuwber of acid
bodies occur at clos. distances . the quartzofelsjyathic veins are fairly
thick and continuqus. Away from these bodies or where the lenses are
at wider intervals, the metasome is thinner and discontinuous, Further,

the mineralogical charsacters of the quartz felspathic veins and bigper

acid bodies are Quite identical,
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The cross-cutting relations shownby the grarites and pcpgmatites
on the hard ultrabasics (including chromite bodies) and amphibolites
clearly iwmdicate that they forced their way into the host rocks., The
contactgof the acid bodies with the ultrabasics are rather sharp with
contact metamorphic effects. Further these evidences contradict the

idea that they were formed by granitisation(or metasomatic replacement).

The chlorite-schists of the 2auni Formation have been migmatitised
to varying degrees. It is clearly deciphered that a melt of quartzo-
felspathic composition penctrated or injected along the foliation
planes of the chlorite schists to form migmatites (inject‘on gneisses
or arterites). The quartzo.felspathic material(metasome of the migma-
tites) form discontinuous strecaks and lenticles in the folia of the
schists, Probably during the initial deformational movements, the
melt gradually penetrated the country rocks through the weaker planes,
Later, when the deformational activities became intense,injection of
large amount of melt took place, giving rise to lenticular bodies of

grarites and pegmatites of varying dimensions,

It is assumed that the magma or melt was formed in the deeper
narts of the earths crust and they migrated upwards during the later
phase of first fold movements and entered the weaker nlanes of the
chlorite schists and earlier intrusives to form granites,pegnatites
and migmatites. Hence it has been concluded that the acid bodics

of the Pauni Formatior are co-marmatic in origin,
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5.3. FPARSORI FORMATION

The area investigated containsonly part of the Parsori Forwmatiorn.
represented by chloritoid-chlorite—muscovite—schists showing spotted
and cateclastic Structures., The composition of the schist indicates
that it was originally deposited as argillaceous sediments, Chloritoid
forms from sediments which are poor in lime and potash and rich in
alumina and iron oxides (Harker op, cit,). In the Present area the gk
cbioritoid muscovite-chlorite-schists occupy&shear Zzone indicating
that chloritoid has developed as a result of high shearing stresses,
The occurrence of chloritoid associated with shear zones has been
mentioned by many workers e.g. Leith, (1923),Atkinson. (1956) Naha(1965)
Pande and Mahajan(1967). The texture,structure and the mineral
composition of the schists clearly irdicate that these rocks have
undergone two Stages of metamorphism; the first is of low grade
regional type (greenschist facies) and the sccond is presumably
due to dislocation metamorashism( directional stresses dominant)
developed during the faulting f2. Further work on thisg formation

towards north and northwest may nrove the above concept,

5.4 BHIWAPUR FORMATION

The Bhiwapur Formation consists of the phyllites,quartz-
Phyllites (garnet and biotite bearing) and iron ore bodies, These
rocks were originally deposited as velitic to semi-pelitic sediments,
with linear lensecs of slliceous iron rich sediments, On regional
metamorphism, thesec Sediments were transformed to different rock

assemblages of the green schist facies,
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In the quartz-phyllites of Bhiwapur the co-existence of chlo-
rite biotite and garnet makes an interesting metamorphic assemblage,
The chlorite in the biotite-quartz-phyliites and the garnat-quartz-
phy1¥ites is of primary nature{ There is lack of evidence to show
that the chlorite is ar alteration product of biotite ard parnet), Ir
garnet bearing rocks the stability relation of garnet with chlorite

hY

is explained as fol'ows (Atherton, 1964),

Chlorite1 + fuartz ——Garret + Chlorite +H20

2

Chloritez is mzenesiun rich compared to chloritel

Almandine is the tynical garnet of ths garnetiferous schists
resulting from the regional mctamorphism of argillaceous sedirents,
The standard reactions suggested(Tilley,1926%Yarker, 1932) for the
development of garnet are:

(i) Chlorite + Muscovite + fuartz —3 Garnet + Water with

Some ores also takirg part,

(ii) Ziotite + Quartz Almandine + K,fels»ar,

—
The biotite,garnet and some quartz of the quartz.ohyllitos
occur in the motrix generally as porphyroblasts. Riotite flakes

form xenomorphic clots with minor amounts of quartz,epidote and

muscovite, It appears that they formed around s wveral nucleii, The

tineer feature of many of these clots of bictite sur-est that they

are syntectonic in origin and grew parallel to the direction of
movement (£i3.54 )., It is apparent that the norphyroblaste have
developed and grown into their present size from smeller corstituents
during recrystalliéation. Similarly the coarser quartz grains

observed in thin layers and lenses have recrystallized along structural

2lanes,
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It has becer observed that the phyllites adjacent to the quartz-
phyllites are free from biotite and garnet. This can be ex»lained due
to the differences in chemical composition of the sediments, According
to Atherton(1964) biotite forms in more quartzose rocks and is absent
in the more aluminous and quartz-poor rocks,Ziotite develoss in the
groenschist facles if the rock is deficient in alumina and fairly rich
in potash where the rock composition does not allow chlorita as the
only nphase, The simultaneous develoorment of chlorite,biotite and
grrnet within the same rock unit indicates that ths chemical varia-
tion in the sediments is sufficient to produce different assemblages

at the same »ressure temperature conditions,

The phyllites are formed of chlorite,sericite (muscovite)

and quartz. There has braer general recrystallization due to the stresses
develoned during folding., Recrystallization and re-arrapngement of
quartz,chlorite ete, in the microfolds were controlled and conditioned
by minor folds, Corrugation and microfolds (fig.52,53)bserved in

some of the phyllites and the development of slip cleavages (fig.49,50),

indicate differant nhases of deformations suffered by these rocks.

Porphyroblasts of magnetitc and chlorite ocecur indeserdently
or t-rether. Sometimes quartz is associated with them. These norphy-
roblasts appear to have been formed by the recrystallisation of

detrital matter during metamorn*ism,

ressure-ghadora. In the quartz ohyllites biotite somatimes occurs
Ay, RS e
in the pressure-shadows of auartz-porphyroblasts, Similarly chlorite

occupies the pressure shadows of magnetite porphyroblasts in the
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phyllites., The pressure-shadows are generally V-ghaped with apicce
pointing in the dircction of foliation, Pabst(1931) corsiders pressure-
shadows to be the result of extension in the host rock in the plane
nf schistosity which tended to pull the matrix fromthe sides of the
Dorphyroblasts; the potential opening being continuously filled in by
other minerals. This may involve some rotation of the porphyroblasts,
In the phyllites and quartz phyllites of Bhiwapur Formation, the pyo¥-
phyroblasts do not exhibit any gisn of rotation. It appears that in
these rocks, after the develeooment of porphyroblasts, the superincum-
bent pressure created stress free zones arcund their fringes in the
direction of fo'intion producing bressure shadows,where nec-crysta-

llization of biotite and chlerite took place(Fig,47).

4-1, THE TRON-ORE BODIES

(@i

The origin of 4dron formations associsted with metasediments has
bean a disputed problem. There are two views on the gonesis of
magnetite of the metasediments, (i) it is either a primary precipitate
or & has formed by diagenetic reduction of ferric hydroxide and
(ii) it is the result of metamorphism and oxidation of aarlier

ferrous iron minerals,

Many workers have sudported a primary origin for the mapnetite,
varticularly with regard to the Iron-formations of Lake-S3urerior
region (Castano and Garrels,1959;Krumebin and Garrels,1952;
Huber 1958,1959,7ames,1951,1954), hccording to these workers the

Eh(oxid tion reduction potential ) and H (hydrogen ion concentra-

tion) of the sedimentary enpvironment govern the type of iron
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minerals orecipitated. 4s the iron rich scdiments aro eorsidered to
have bcen dedosited in restricted basing where hematite cannot be
stable due tc the prevalence of reducing corditions magnetite forms

by the settling of ferric oxide from the sediments,

The formation of magnetite as a product of regional or thermaf
metamorphism has been supported by Gill (1927),Goodwin(1951) and
Laberge(1964), They conclude that magnetite is not a primary mincral,
and it has developed by the oxidation of pre-existing ferrous iron
minerals mainly greenalite and siderite. Magnetite also forms by the
reduction of hematite during regional metamorphism, In open basins

e
the iron hydroxides in the sediments, on dehydration become
hematite,which convert into magnetite ore during the regiosnal meta-
morphism, The banded magnetite-quartz rocks, associated with the
“re-Ca=brian rocks of Madras and Mhar are the products of regional
metamorptism of the oririnal handed ferruginous sediments
(Krishnan,1955), The magnetite in the iron-ores of Bailadila range-

Bastar district are considered to have formed during the regional

metamorp™ism (Chatterjec,1962).

The absence of appreciable amount of magnetite in sediments
that have undergone only dingenesis in many areas, and 1ts occurreice
in considerable amount in the metamorphosed equivalents,strongly
supnort the metamorphic theory, La Terge (op, cit,) is of the opinion

—

that large amount of magnetite forms in the iron rich sediments

by low grade metamorphism in the chlorite and hiotite zones,
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The megnetite in the iron ores of Dhiwasur is intimately
assnciated with garnet, grunerite and quartz. While discussing the
regional metamorp“ism of iron rich sediments Harker (1932) has cited
similar examples for the iron ore deposits of Tumaberg, Sweden where
some of the associated rocks are 'ntirely composed of grunerite and
garret and similatly in parts of Lake Superior regions,grunerite and
garnet are closely associ-ited with magnetite., In the “anded Iron
Formations at Rroken Hill, Austra’ia, the iron ore bodias are
associated with garnet quartzites (Richards,1966) and garnet forms
an imrortant constituent of the gangue,

The quartz-phyllites enclosing
the iron-ore lenses are garnetiferous. Further, the guartz phyllites
and ohyllites contain porphyroblasts of magnetite crystals, From the
mireralogical studies it has been observed that hematite has formed
after magnetite (martitisation) and is of secondary origin, From
the above evidences it has been concluded that the iron ores of

14

“hivapur were formed by the regional motamorphism of linear lenticular
layers of iron rich sedirents, It is difficult to conclude regardirg
the nature of the original minerals(ferrous silicate or hematite)
from which the magnetite was derived. The association of the magnetite
with the undoubted metamerphie mineral asseéblages (garnet and
grunerite)lleads to the inovitable conclusion that the mapnetite formed

=

during the regional metamorphism of the Bhiwanur Formation,

The hematite in the iron ores of Bhiwapur is a product of
alteration of magnetite(Martitisation), The gocthite snd iepido-

crocite are of supergene origin,
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GAIDONGARI FORMATION

(W5}
ki

The Gaidongari Formation consists of slaty shales and banded
slaty shales,quartzites,meta argillites meta-groywacke,slates,
variegated slates and conglomeratic slates, These rocks represent
the originally deposited mudstones,siltstones, claysand sandstones and
paraconglomerates,which have undergone very low grade regional meta-
morphism of the green-schist facics., Metamorphism has not exceeded
beyond the developmant of chlorite and mica(mostly sericite), Folia-

tions and cleavages are developed fairly well, The directional pressure

effects on the minerals are well apparent under the microscope,

It is concluded that the basin of deposition was very deep
considering the predomin~ntly argillaceous character of the rocks
and the absence of shallow water sedimentary structures. In the early
period of sedimentation, the deposition of the sediments was steady
and the tectonic conditions were stable. Howevar, in the lazer part,
the tectonic environment was unstable cousing rasid erosion,trans-
portation and deposition. This is evidenced by the occurrence of
greywacke and para-conglomer«te horiz - ns and the large amount of
rock fragments contained in the rocks o7 the unper part of the

ormation, The cara-conglomerates(tilloid) are normally

-
P

Gaidongari
a product of turbidity currents caused by sub-aqueous mudstreams

and slurries (Pettijohn 1957),



THE ULTRABASICS

6.1, INTRODUCTION

As in other chromite occurrences in the world the chroaite
deposits of Fauni are genctically and structurally associated with
the intrusive igneous rocks grouped as the ultrabasics(ultramafics),
The chicf characteristics of ultrabasics are low silica content and
high oercentage of magn=sium, They are extremeiy rich in basic magne-
sium-iron silicate minerals like olivine and pyroxenc. Fresh ultra-
basics were not encourtered during the course of the préscnt study in
the area uoto a denth of 25 w. from the surface. The ultrabasic rncks
have been completely altered due to hydrothermal processes,and except
for the chromite,no rimary mineral is preserved in these rocks, Fur-
ther - due to the mineralogical changes and thé deformations suffered
by these rocks, the primary textures and structures hove heen mostly obli.
terated, .. Hence, it was not 2ossible to detormine properly the

n3 have had with

(=N

textural and paragenetic relations the chromite gra

oD

the magmatic silicates,

4s the rock types répresenting the ultrabasics are derivatives
of the hydrotherral metamorshism,their nomenclature docs not follow
the classifications adopted for unaltered ultrabasics, Several assem-
blages consisting of the following minernls represent the altoered
ultrqbasics:serpentine(qntigorite and chrysotile), tale,tremolite,
actinolite,anthophyllite,chlorite(penninite,clinochlare,ﬁrd kammere-
rite),chromite, phlogonite,vermiculite,quartz and chalcedony, In

the field ‘it is very difficult to Tecognize the rock types exeent to
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identify them as talc rich,amphibole riech,chloritec rich and chertified,

ultrabasics and chromitites,

6.2, DISTRIBUTION, SHAPE AND SIZE

The majority of the ultrabasic bodies lie in the area between

2)

the Pauni-Belgatta-Xhapri road and the Khadan nul’ah(Map 23}, North of
g 3

this nul lah few exposures of the ultrabasics have becen observed in
the Unashya nuliah. The ultrabasics occur as intrusives oonfined in

the chlorite schists of the Zauni Formation., The geraral trend of these

intrusives is WSW-ENE, The width of the belt as exposed along the

v

extension has been

{

Wainganga river is for about 2 Kms. Strike wisc
established over 2 Km, towards southwest from the Vainganga while

the northeast extension is obscured. by a thick cover of alluvium.

The ultrabasics occur within a plain aren and most of the outcrops are
mantled with 2-3 m.thick soil cover. Generally patches of greenish
white to greenish yecllow or greyish brown soil suggest proximity of
ultrabasic exprsures, Along the Wainganga river the ultrabasicd

have beon limonitised and the altered rocks show brownish yellow,

reddish yellow,or yellowish white colours and earthy appearance,

£

The ultrabasic intrusives are »f the nature of discontinuous
linear series of the alpine type. Several steeply dipping lenticular
£y [ =
=ik
and tabular bodies have intruded the chlorite schists bro adly con-
forming to their strike, These are discontinuous bodies occurring
1. g

as disconnected parallel lenses of various dimensions. Although

essentially concordant,these sill like bodies commonly transcress
ansg S
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identify them as talc rich,amphibole rich,chloritc rich and chertified.

ultrabasics and chromitites,

6.2, DISTRIRUTION,SHAPE AND SIZE

The maijority of the ultrabasic bodies lie in the area between

the Pauni-Belgatta-Khapri road and the Khadan nullah(Map 2}, North of

this nul lah few exposurcs of the ultrabasics have been observed in
the Unashya nullah. The ultrabasics cccur as intrusives oonfined in
the chlorite schists of the Zauni Formation, The geraral trend of these
intrusives is WSW-ENE, The width of the belt as exposed along the
Wainganga river is for about 2 Kms., Strike wise cxtension has been
established over 2 Km, towards southwest from the Vainganga while

the northeast extension is obscured. by a thick cover of alluvium.

The ultrabasics occur within a plain area and most of the outcrops are
mantled with 2-3 m.thick soil cover. Generally patches of greenisn
white to greenish yellow or greylsh brown soil suggest proximity of
ultrabasic exposures, Along the Wainganga river the ultrabasicd

have been limonitised and the altered rocks show brownish vellow,

reddish yellow,or yellowish white colours and earthy appearance,

The ultrabasic intrusives are of the nature of discontinuous
linear series of the alpine type. Several steeply dipping lenticular
and tabular bodies have intruded the chlorite schists bro adly con-
forming to their strike, These are discontinuous bodics oceurring
a8 disconnected parallel lenses of various dimensions. Although

essentially concordant,thesc sill like bodies commonly transpgress
aNsoress
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the country rocks and pinch and swell in short distances. The bodies
are usual'y of small dimensions; the lenses range  in length from
5C m, to ‘over 1000m, and vary in width between 2 to 15 @, They occur
in a swa;;_Cﬂnsisting of several sub-parallel bodies arranged in a
linear series along the strike of the belt, Structural features indi-
cate (p,69 ) that this belt occudies a synform axis of a maijor fold
trending roychly NE-8W direction. Concentration of major lenses
lies along the alignment connecting Nimgaon to the southwest and
Nilkanteswar temple on the right bank of W=inganpa river. These
ultrabasic masses have bzen subjected to deformations like folding,
faulting and shearing (Figs.939%cgusing repetition,disappearance and
crushing, As mentioned earlier(p, 42 ) the ultrabasic racks show
several sets of joints and at places they have beer subjected to
intense shearing., Thesc shear 2lanes are often very smooth with a
soapy feel,but occasionally striastions due to slickensides are
noticed on them. Some of the shear plan-s show a curved or convex
surface(fig, 84 ), The shear surfaces are also stained due to iron
oxides giving specks ard streaks or coating of black or brownish

yvellow colour,

6.2-1. CONTACL HKFFECTS

Though the ultrabasic bodics exhibit a distinct intrusive rela-
tion with the country rocks, it ig noteworthy that marked contact
effects on the country rocks are lacking. Whatsoever the contact

effects; the ultrabasics night have produced, have been destroyed



due to intensive hydrothermal changes and the later basic and acid
intrusives. Along some of the contacts between the ac¢id and tha
ultrabasic rocks thin irregular bands of thuricaline-quartz rocks are
observed, At few other places small concentrations of vermiculites
have been noticed along the contacts of acid and ultrabasic rocks.
The ultrabasic rocks near the amphibolites contain high amount of
fibrous minerals, At some places regular and irregular bands consist-

ing of cross-fibre chrysotile asbustos are observed,

6.3. MEGASCOPIC (HARACTERS

Rocks nredominantly composed of talc is comparatively soft and
give a waxy feel, Increasing amount of amphibole minerals makes the
rock rough and harder. Chlorite rich rocks show closely spaced
foliations,

Tale rich rocks exhibit various shades of green,grey and
white colours, 3mall aggregates of flaky chlorites give dark gr=en
or greenish black patches. Tremolite rich rocks are of dark grey,
greenish grey,brownish green and brownish grey colours. With the
increase of chlorite and talc lighter shades pervade, Actinolite
rich rocks display light and dark green shades with aggregates of
orismatic and needle like minerals. Arthophyllite rocks of minor
occurrence contain hard fibrous needles and show brownish,reddish
brown and zroenish E¥YCY colours. Chlorite rich rocks ctontaining

talc and serpentine are generally flaky and platy and exhibit pale

green,yellowish grey,and silver grey colours. Near some of the
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chromite bodies silvery grey flaky chlorites are observed. In vermicu«
lite-schists, the mineral occurgin shall flakes having earthy brown
to greenish brown . colour. The flakes e:sily crumble to powder
under nressure, The individual flakes show bronzy brown colour with

sheen under light, Small quartz grains are enclosed between the flakes,

Chertified rocks occur as irregular bands and pockets in the
ultrabasics, Some of the highly silicified ultrabasics are jaspery
looking, They are hard, compact, flinty and break with conchoidal
fracture. They show various shades of brownish pink,greenish black,
pale greenish grey with brown or yellow vatches. Disseminated chromite

grains in variable amount give specks of black colour to the rock

e

and show a spotted appearance, Veins of cryptocrystalline silica and

quartz cut across these recks. Banded types represcnt selective
chertification, Sub-parallel and irregular bands(varying between
0.5 mm, to 10 mm. in thickness) of chert alternate with silicate
bands, Some of the bands are Ffibrous and appear to be pseudomorphs
after crossfibre chrysotile bands(Fig,123). Few lenticular pockets
(10 to 20 cm, in the long direction and about 5 cm, in the short
diraction ) of chertified rocks have been observed in the ultrabasics
(Fig.124). Partially silicified ultrabasics show numerous thin
chalcedony and quartz veins. The silicate mass lying in between the
closely spacedveins, has been almost completely silicified,while
the silicate mass between the widely spaced veins shows silicific-

ation near the veins only,
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Stringers and irrcgular bands of chrysotile asbestos%
(0.5 - 1 em. thick) occur in the ultrabasic rocks near their contacts
with some of the amphibolites., Some regular bands upto 4 cm., thick

type - the

0]

have developed near such contacts. Theyare crossfibr
fibres being pernendicular to the long directisn of the bands and

stringers (Fig,12}. They are white in colour and flexible,

6.4, MICROSCO2IC FE/TURES

Mineralogz
As mentioned earlier the ultrabasic rocks of Pauni represent

various assemblages consisting of secondary minerals like tale,

chlorite,tremolite ete, derived from the magmatic silicate minerals
due to hydrothermal alterations. On the hasis of the variations in
the amount of the constituent minerals, the following mineral assem-
blages have been recognized as different rock types:italc-schist,
tremolite-SChist,chlﬂritg;Qchist,actinolite-schist,talc-tremolite
scbist,tremolite~talc-chlorite—seroentine schist. ,tremolite-talc-
phlogopite schist,tremolite-actinolite schist,talc-chlorite-anthophy—
llite schist, Some of these rock” types contain chromite as an
important accessory mineral, Sphene,epidote and apatite may be

present as minor accessories,

As the chromite depcsits form part of the ultrabasics these
=long with their. gangue haye bean grouped as rock units known as

chromitites. According to Johannsen(1951) chromitites are composed

of akout 95% chromite and less than 5% gangue. Heowever, the torm



chromitite has been used in this work for rocks having as low as

30 - 407 by volume of chromite,with a prefix of predominant gangue
minerals. On the basis of the predominant gangue minerals they form
blages have

=

few distipct assemblages. The following chromitite assem
heen recognized: talc-chromitite,tremolite—chromitite,chlorite-chromi-
tite.talc-chlorite-chromitite,talc-chlorite-sersentine-chromitite,
chlorite-phlogopite chromitite and chert-(chalcedony)chromitite.Ore
denosits with less thon 5% gangue have been referred as normal chro-

mitites,

In some of the chromitite sections ps2udomorphs of tale-tremo-
lite after olivine have been preserved within the chromite grains
(fig.149 ). Their border with the enclosing siliicates 1s curved or
rounded indicating the shape of olivine, The shape of many amphibole

mine-als and the schiller structure preserved in them in several

=

sections of ultrabasic

§
2]

ocks, suggest that they are mainly derived
from pyroxene minersls, Fow psaudomorphs of the nrimary silicates
are preserved,presumably due to breaking or pulling apart of fract-

ured narts which destoryed the original shape of the prinary-

silicntes,

g

A brief account of the various minerals constituting the
different assemblapges are given below:

Tale. It occurs in the ground mass as aggregates of fine shreds,

scales,flakes and fibres, Minute particles in aggregates give a

mesh like appearance, 2risms and plates are seen randomly oriented

rha - o 3 ~ .
in the groundmass. The talc is generally colourless, Rarely it
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gives pale green cclour. The colourd voristies are pleochro
A = pale green or pale yellow, Y = pale yellowish green

=

Z

1

greenish yellow. Some of the prismatic and tabular sections are
bent across their cleavages. Along the cleavages minute streaks of
iron oxide are seen. In some sections talc exhibits a brown colour
due to staining of iron oxide. Talc replaces tremolitae -getinalits
mainly.along the cleavages,. Bigger plates of tale contain relict
patches of tremolites (fig,142), Tale in its tura is replaced by

chlorites {fig.145),

Tremolite - Actinolite, Tremolite is colourless to sale reen, BRasal
v !

sections show greonishi&ellowish green shades, “rismatic grains of
various sizes are randomly oriented,crisscrossing each other (fig.144),
Extinection angles vary unto 227; few prisms show simvle twinning,
fractures and cracks have developed across the cleavages. Many tremo-
lite pseudomorphs after nyroxenes are often observed, Schiller
structure is exhibited by many tabular and nrismatic gréins. Granules
and specks of opaque mineral (magnetite) are oriented parallel to

the cleavages and somctimes oblique to them. In some sections it
appears that the magnetite is a released product during the altera-
tion,while in other sections,particularly where the iron oxides

are also oriented across the cleavages, the schiller structure seems
to have been inherited from primary syroxenes,

v

Fale olive green,prismatic,and eolumnar aggregates of actino-
1ite are randomly oriented in some Sections., These are pleochroic

as X = nale olive green;z = pale green., Their extinction angle

3
=



= k57 =

varies upto 25°, Some of the >risms show closely spaced cross-fractures,
Cleavages and froctures generally show fillings of iron oxide. Many
bigger grains exhibit schiller structure, In some of the sections

swall idiomorchic grains of magnetite are associated with the

2ctinolites. Thase actinolites also contain small granules of sphene,

1
Anthophyliite, In some sections it forms long cclumnar aggregates and

prisms. These are at places of fibrous nature. Generally it is colour-
tess, but some sections show shades of pale green and pale hrown
colours, Extinction is parallel, Cracks and fractures arc filled with

iron oxide. Anthophyllite is generally replaced by tzic.

Chlorites. Chloritas are com on constituents in most of the assor-
ZrOrites.

blages. They appesnr to be the last mineral to form amongst the

silicates, They also occur i~ veins cutting across the chromitites,
Chlorites occur in the following form:lqths,flqkes,scaly and fibrous

el r

geregates, Generally, the flakes are seen as clusters and the filtres

£

radiate, In many chromitites and other ultrabasic assemblages clusters
of chlorite flakes are observed around ragged or corroded chromita
grains(fig.147), They show different shades of green and yellow. Some
chlarite sections are celourless. The coloured varieties arc faintly

to moderately pleochroic, The absorption scheme is ag: X = pale

green and preenish white, Y = nale green, Z=yellowish grecn and cream
colour, Some of the colourless flakes show yellow tint due to

staining of iron oxide, ?in@ dust of iron oxide is found alsng the cleg-
vags »f: chlnrite, Jenninite is the predominant member of the

chlorites, It shows parallel extinction and bluish grey to
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anomalous blue polarisation colours, Clinochlore observed in many
snetions has arn extinction angle upto 8° and generally exhibits low

first order interference colours, Bent flakes of chlorite disnlay wavy

s easily identified

[

The chrome hearing variety-kgmmeserite

o

megascopically from its pale violet cclour and flaky nature. It is
found along many shear planes of chromitites and also as a vein mineral,
However in thin sections, it is difficult to distinguish them from penn-
_1nit: and they appear to be chrome bearing variety of the same.

Serpentine - Sernertine (antigoritc) occurs as g mesh formed of

5
ih

agpregates of fine fibres in random orientation., It is difficult to
discern the individual sart, It is colourless and shows low first

t is isotropic or

[=8

order interference colours, In few assemblages
shows feektle anisotropism, Chrysotile occurs as fibrolamellar
aggregates in some sectiorns, Berding of the cleavages and wavy

ext inctions are observed in them,

Though, on the basis of mineral bparaganesis serpentine
aprears to be the first hydrothermal mineral to form; it is of very
limited distribution 1n Space, Assemblages with sermentine as a
nredominant constituent arc of minor occurrence and in many rock types
sernentine has been largely replaced by later hydrothermal minerais.

o) i ! . .
"hlogonite - Phlogopite has been identified in some chromitites and

in 2 few other assemblages. The flaokes are colourless to pbale green
or pale yellow and rarely pale bkrown colour, The coloured varieties are

- . X7 -
pleochroic: X = colourless, Y =pale green, Z = pale yellow to nale



-:1159:«

bronze yellow, It shows an inclined extinction of 4-77. Tent flakes
show wavy extinction., The interfererce colour is of high first order.
Multiple twinning is observed in many flakes, Jigger flakes show criss
crossing bents or kinks across their cleavages(fig,l46). Fractures

ard cleavages contain some fine dust of iron oxide,

Chromite - In many assemblages small grains of chromite with corroded
borders are observed enveloved by silicate mirerals. Many of these
are relict fragments of the original grains,and partly preserved
idiomorphic outlines could be reconstructed (fig.14g). The chromite
grains are black or brownfsh black with a red tint. Rarely grains
show two or three sets of cleavages or partings filled yith sccondary
silicates at angles between 70-80° ,5cme chlorite flakes cortain small
irregular relict grains of chromite. The detailed features of chromi-

tites have been discussed later(refer chapter VII).

Vermiculite - Vermiculite shows various shades of brown and is highly
flaky and laminated in nature, The individual flakes are rather small
in size and exhibit silky sheen under normal light. Small greins of
quartz are found embedded within the laminae. The dark brown colour

of the mineral could be attributed to the high amount of ferruginous
matter nresent in them or to coating of iron oxide which has obscured
their optical characters. Certair unaffected portions show nale yellow
tirt with a bluish grey interference colour. All the lath shaped

fragments exhibit parallel extinction,



-:160:-

A samdle of the mineral was treated in a furnace to a temperature
above 800°C and the characteristic exfolintion phenomenon was noticed.
The exfoliated flakes were found to be much lighter in weight compa-
red te that of original material, During this treatment ,development
of golden, hronzy,and silvery lustre on th: flakes was observed,
which is an outstanding characteristic of vermiculities(Nair and

Singh,1966),

Chalcedony (Chert) - Thin sections of chertified ultrakasic show

colloform structure or a mosaic texture consisting of smaller quartz
grains having islands of talc, tremolite,chlorite ete., In nartially
chertified rocks veins of chalcedony have filled in the fractures
and weak plancs of chromite and the silicate minerals, Some of the
chromite fragments have rims of chalcedony.Colloform and spherulitic
textures are common.From the cross cutting relations of the veins,
two nhases of chertification arc ddsecrnible,The earlier one is more

crystalline compared to the later phase,

In the chertified chromitites the unusual association of
chromite and cuartz is scen. The fractures and cracks of chromite
are filled up with chalcedony, The gangue minerals have been completely
chertified. While all silicate minerals were replaced by chert,

chromite was left unaffected,

&.%, BYDROTHERMAL ALTERATIONS IN THE ULTRABASIC ROCK

The ferro-magnesian mineralslike olivine and pyroxenes forming

the m2in constituents of dunites and peridotites,become unstable in



TABLE-26

PLRAGENESIS OF THE MINERALS OF THE ULTRABALSIC ROCKS

MINERALS MAGMATIC i HYDROTHERMAL SUPERGENE
CHROMITE J—
(0livine and 2

Pyroxenes )™
SERPENTINE
AMPHIBOLES
TALC
PHLOGORPITE
CELORITES

CHERT
(Chalcedony)

VERMICULITE

LIMONITE

% 0livine and pyroxenes are only represented by psaudormé of secondary
silicates. pseslomorpl
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the presence of chemical solutions. When hydrothermal solutions get
accessto these rocks through fractures and joints,large scale altera-
tions of the primary minerals take place,producing hydrous minerals of
low temperature origin,like serpentires,talc,amphiboles and chlorites,
Alterntions also taks place as a result of autometasomatism or
autohydration in thc late magmatic stage. If the hydrothermal solutions
carry enough Coszcarbonnte minerals like dolomite and magnesite axe

are also formed,

As mentioned earlier the ultrabasic rocks of Pauni have been
comhletely altered due to hydrothermal activities. On the basis of
field and 1aboratnary, evidences these processes can be broadly classi-
fied irto the following types in the order of their paragenetic
succession:

I. First stage (hydrothermal) (i) serpventiniz-tion,(ii) amphiboli-

L

zation, {iii}

J steatitization, (iv) phlogopitization, (v) chloritization,
and (vi) chertification{Table 26),
11. Second stage (supergene) (i) vermiculitization and (ii) laferi-
tization,

Though serpentinization was the first of the hydrothermal chinges
to take place, the low percentage of serpentine minerals occurring
in the various assemblapes,suggests that either this nrocess was not
extensive or that most of the serpentine rich rocks wers: affected
by later processes, Ste1titization,Pmphibolizntion and chloriti-
zation have caused widesnread changes. “hlogopitization has t-ken

place on a very miror scale. Chertification is alocalised



phenomenon. The above mentioned processes took place during hydro-
thermal stage. Vermiculitization and 1ateritizat}cn took place
much l-ter due to supergene processes.

The alteration ir the chromiferous ultrabasic rocks of the
present area is much similar to that of Norway and North Carolina
where hydrothermal amphiboles,chlorite and talc are well developed
and serpentine is developed only in minor amounts (Fisher 1929),
Similarly the chromiferous ultrabasic rocks of Ratnagiri district,
Maharoshtra are represented by a2 suite of hydrothermal mineral
ascemblages, as actinolitestwemoliteschist,talc-tremolite schist,
sernentine-tale-tremolite schist ete,(Konala, 1966), In the follow-
ing paces an account of the physical,chemical and mineralogicnl

changes involved in different processes of alteratiors is ml

Vil e

6.5-1, SERPENTINIZATION

“ield and laboratory evidences indicate that serpentiniza-
tior is the first hydrothermal change to take slace in the ultra-
basic rocks of Fauni. Fure serpentinites are rare in the area nresu-
mably due to subserquent processes of alterations. The restricted
cccurrence of serpentine rich rocks may be also due to that
sermentinization was not very widessread and affected enly certain
parts of the ultrabnsic bodies,

two stages of serpentinization have boen established. The

first stage is represented by the massive tyne mainly amtigorite
P ]
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having replaced the magmatic silicate minerals, The sacond stage ,
mﬂiély represented by the chrysotile’was 2robably connected with the
later deformational activities since they were formed in veins and
bands along weak plancs,

The proccss of serpentinization of ultrabasics has been a much
debated tn?ic..That serpentinization is a deep seated shonomenon
has been nroved erroneous by recent workers, Graham(1917) and
Benson(1918) regarded it as a late magmatic orofess. Hess (1932,38
thinks that serpentinizatior is either late . magmatic or deuteric
(autometasomatic)orocess and peridotite magmas are hydrous magnesian
melts possibly approtching serpentine in composition, Haasalg(1936)
and Schurenberg(1954) support the view of Hass that sernertini-
zation 1is due to “utometamorshism, Sowen ard.Tuttle(1947) have
proved thit serpentines cannot be formed at temperatures above

0 . "
5007C 199 that formation of serpentine by the action of water on

forsterite can sccur only below 40C°C, They deduced that serpenti-

nes cannot be formed by the intrusion ~f a magma of scrpentine
composition at comparatively low temperatures. Hess (1946 ) has

later accepted the views of Zowen and Tuttle with certain roserva-

It was also concluded that the sernentines are unlikely ta
occur throueh the transformst ‘on of olivine and Dyroxene crystals

by their acqueous mother liquor (rutometamorphism),
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Mg,510y + Mg3i0, + 2H20~->M335120 (OH)Q
forsterite ermtatite gerpentine

Bowen and Tuttle (oo, cit) further suggest that olivine and’
pyroxencs are introduced in the crystallime stnte(mush form) without
water and are subsequently serpentinized below 5507C by water vapour
acquired through contact w'th wet country rocks. If the rock contains
only olivine then water vapour will yield serpentine and brucite

below 400°C,

2 Mg,5i0, +3 1,0 __?’fg38i205(0H)2 + Mg (0H),
forsterite serpentine brusite

ik COG Wwere present to remove excess magnesia as soluble
carbonate then serpentine could still be formed upto 5007C.Another
reaction by which sernentinization of olivine could occur involve

the addition of siiica.

3 Mﬁ25104+8102+4 HZ 2 Mg33i205(0H)4

0 i
forsterite serpentine

but this would involve consisderable increcnse in volume for which

thera is not much substantial evidence,

Turner and Verhoogen (1260) accepted as a working hypothesis
the duel concept of intrusior of peridotite magma in a largely
crystalline condition,with simultineous or subsecuent sersenti-
niz~ation of its constituent minerals through the activity of acqueous

solutior of vapours derived for the greater part from the surrounding

ricks,



-:165: -

One of the chief problems in serpentinization is the question of

volume changes. Calculations by Graham(1917) indicate an increase of

oy
i+

40 - 647 ir dunites and 34 to 387 in peridotites.Hess argued that
the ultrabasic magma had a serpentine composition.,on cmplacement
there would have been 5% decrease, but as his basic hypothesis was
proved erroneous by Fowen and Tuttle,other alternatives have since
a0
been sought. 018en(1963) and Grubb(1962) balieve that serpentiniza-
tion 1is largely determined by former stresses in each ultrabasic body,
In areas where folding,faulting and fracturing are at an odtimum,
intensive serpentinization and correspondine volume increases would be
almost unrestricted. At the same time any fractures or low pressure
zones would soon be filled by liquids of serpentine and/or carbonnte
composition, thesc having diffused in from the surrounding ultrabasic
mass. On solidifying these formed serpentine and magnesite veins-
(alternatively under higher stress/temperature conditions,chrysotile
veins and replacement veins were formed)., Recantly it has beer proved
that sernentinization does not involve any chnnge in volume(Thayer, 106¢; .

In some circumstances seridotites reheated by extranecus solu-

tions may be serpentinised during the choling cycle,2s for example

=5

when tale ocecurs as pccudP’OYUhS after enstatite(Deer,et,al,1962),

6 MgS5i0_+3 B M i D(0H Mo S )
£5 5 P20$Lg38123510F)4 + Mg3°14010(“h)2

gnstatite — Sarpentine Lale

2 i o
serpentinization can take nlace chemically by the following
[ ]

reactions as well:
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HpqSiOa+Vg 3102+2H20 Ll Mg331205(UH)4

2> -]

fofsterite anstatite "~ serzenting?

2 Mg,S1i0,+ 2H,0+C0 11 Hg381205(0}!)4 + Mg CO4

2

forsterite gerpentine mignesite

The process of sersentinization requires large amount of water,
The source of water has been a subject of controversy, Three main
saurces have been suggested(“anson 19183 Turner and Verhoogen 1960),

(1) Weter derived from the ultrabasic magma itself,during the last
Stage of its consolidation,

(23 Water of magmatic nature derived from other intrusives(mainly

o~

granites) into or near the ultrabasic mass,

(3) Water contributed by the enclosing water charged geosynclinal
sediments or by the upward system of juvenile water not connected
with any magmatic source,

some primary sersentinization may occur during the last magmatic
st=ges by auto-hydration especially in tha dunite or pyroxenite,.

Granite intrusives no doubt causc sernentinization and other hydro-

thermal alterations on varying scale. As mentioned earlier,peridotites

under some circumstances reheatod by extrarcous solutions may be ser-
pentinized durirpy the cooling cycle. Some workers (Ju Reitz 1235, Keep

1929 ,30wen and Tuttle 1949) hKave attributed serpentinization to the

extraneously introduced magmatic water derived from nearly intrusive

Q

ranitas,

3

e

According to most of the modern authors - Betekhtin(1962),
Den Ted(1959),Nerbert(1?59),szd@n(lQGO},Poss et al (1854) and
Porchert(1958,1960) . the mase sernentinization must be ascribed to

secondary tectonics and the infiltration of extra magm tic water,
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This water may originate in the wet geosynclinal sediments.

The degree of serpentinization of an ultrabasic province is
controliad by(a) the amount of water available(b) the permeability of
the rocks and (c) degree of fracturinp and fissuring., Per{dotite.
bodics of the same mineral composition may b: more scrpentinized in
certain varts than others,and the reason for this,is probably the varying

amount of fiscuring and differcnce in grain size and texture. Seroen-
tinization,as a hydrothermal process,is controlled by the zores of
weakness and fractures ete, among which is also the zones with largest

B
mechanical anisotropi /contacts betwecn massive ores and peridotites

or dunites,

In the Great Dyke of Southern Rhodesia,serpentinization is
observed to he & comparatively late proccss in the history of the
dyke., It commenced probably after the consolidation of the dyke and is
still in progress where conditions are favourrble such as sufficient
water supply high rock permeability,and planes of movement which act
as  venues for water circulation(forst ,1960), Here the procass of
Sernentinization is a surface phenomenon progressing downwards,

Sersentinization extends to greater depths only along fault planes,

In the Nausahi ultrabasic belt of Orissa,serpentinization does
not proceed very far to the denth,which has been proved by drilling,
Fresh dunites and neridstites were touched at denths of 20 to .
ZAer The absence of serpentinization in deeper zones has cast
some doubts on the contention that serpentinization ig adoen seated

nhenomernon,
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In the Matherson ultrabasic belt WN.Ontario, two different
phasas of serpentinization has been noticed, an initial relatively
minor shase of autometasomatism assisted by acquecus solutions derived
from the country rocks during emplacement,and a second intense stage
of hydrothermal alterations connccted with the later igncous activity
(Grubb 1962), The chiaf serpentinizing solutions were acrueous solutions
with dissolved an which moved up along fault planes cffecting intense
carbonatization,seroentinization and eventual steatitization in the
ultrabasics., The source of serpentinizing solutions is considered to

P

be deen seated,

In the Pauni ultrabasics 602 does not scem to have played any
part in the reactions which resulted in serpentinizntion,as carbonate
rocks have rot been obscrved in the altered varieties, According to
the drilling renorts of the Orissa Cements Ltd. (1961} ,unaltered
ultrabasic rocks were encruntered in the deencr vnrts..This evidence
rules out the probability of automactasomatism or gii?pa_ricb acqueous
soluti~ns derived from peosynclinal sediments as causes of serpentini-
zation, As evidences of mass serpentinization are lacking 1in these
ultrabasics,it is oresumed that the serpentine minerals were formed

as 2 result of the reaction of silica rich solutions provided by the

granites and nogmatites with the ultrabasics,

6.5-2., AMPHIBOLIZATION

The hydrothermal alteration of more calecium rich ultrabasic
rocks, as well as,the effacts of caleium rich soluticrs on normal

ultrabasic rocks,results in the formation of tremolite and chlorite,
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instend of serwentine,if sufficient aluminium is aveilable(Turner
and Verhocgen,1960)., In the Pauni arce,the abscnee of carbonate minera-
s in the alterced ultrabasics,sugpests that the tremolite rich rocks

have been derived from the primary ultrabasics rich in CaC,

The development of tremolite-actinolite in the ultrabasics,as
sccondary minerals,has been reported from many areas. The ultrabasic
rocks cf Unst,&hetlnnds islands ,have been altered into tremolite
actinolitgtremolite-tale,~nd tremolite-carbonate-antigorite schists,
However, R-2d(1934) considers these assemblages to b products of
low grade regional metamorshism, Formation of tremolite,by the hydro-
thermal alteration of olivine and nyroxencs of the unltrabasics,has
been .re-orted from Horway and North Caroling (Fisher; 1929),
Macdonald(1941) has described zores of tale- | rctinolite,and of
actinolite,around . nodules of sersentine enclosed in mica schists,
adjacent to quartz diorites in the Sierra Nevada region. The talc
ard actinolite are considered to have formed by the metasomatism of

the serpentines,

In the present area,the formacion of anthopyllites appenrs to
be related to the pegmatite intrusives as the rocks rich in anthophyllite
occur quite near the pegmatite bodies., Similar occurrcnces have been
renorted elsewhere, Thus in Yancy County,N.€arolina the action of
pegmatitic licuid on dunites has produced a zoned reaction sequence
from unaltered cores of grenular olivine through talc,arthophyllite

to phlogopite rock (Kulp and Drobst,1954). A similar occurrence of
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anthopyllites associatad with serpentine has been described from
Hafafit,Egypt(imin and Afia 1954).The formatior anthophyllites in
rocks of bronzitic composition in the Sukkar-toppen dirstrict,Vest
Greenland is related to the intrusion of pé;;atites during the retro-
grade £m transformation of ultrabasic rocks associated with 4 seriod
of active deformation (Sorensen 1952). In the ultrabasic rocks of

Eastern Sierra Leone anthorhyllites, though post date serpentine,

have been found to replace olivine (Dunha:z et.al, 1958),

Since it appears from the petrographical evidence s that tale
formed at the ex»>ense of anthophyllite and not vice~wversa,it is
rensonable to conclude that higher temperature prevailed during
itic stage. Talc can form upto 800°C at pressures of 30,000
Ib/in . Although in the exoerimental studies of Rowen and Tuttle
(1249) anthophyliite. appears irn the hydrous phase as a vassing phe-
nomenon,they envisage the nossibility of its formation as =& primary
mineral, In the neridotites of ¥anpur ,5inghbhum district,India
arthophyllites of nrimary origin have been resorted where the nlter-
ation of anthonhyllites has giver rise to sernentine,talc and
chlorita,

B =3, §TEATITIZATIQ§

Tale is the predominant product of hydrothermal alterations of
the ultrabasics in the Present area, Talcose rocks are found At
saveral places having varying amount of chlorite and tremolite, In

. * »
these rocks serpentine is elther absent or nresent only in minor

quantities. Field and microscopic evidences indicate that tal



=10 i [ =

has formed either directly renlacing the primary silicate minerals or
developed after the formation of earlier serpentine and amphibole

minerals,

Steatitization is commonly but not | always associated with
serpentiniéation. Steatitization of ultrabasic rocks has been defined
by Hess(1932) "as that process of hydrothermal alteration of an ultra-
basic which in its final stages results in the formation of talcose
tocks! In some circumstances peridotites reheated by extraneous
solutions may be altered during the cooling cycle,as for example when
tale occurs as pseudomorphs after enstatite along with s@rpentine

(Deer et al,1962),

Mg Si0_+ 3 H20 i3 MgSSiZOS(OH)4+ Mg3SiAClO(OH)2
anstatite 8>Fpentine Ealc

Turner (1948) has shown that formation of talc rich bodics may
arisc by silicification,carbonation or by the addition of Ca0. The
conversior of serpentine to talce by the additior of silien and the
removal of magnesia without change in volume may be illustrated by
the following equations:

(0R) Mg 481,00+ 510, —y (OR) Mg,81,0, o+ M0 41,0
‘erpentine cald
Arother equation:

T el Mp_ 51
3 g1g103+u132+ 2H,0 ; (OH)ZMg3u140 10

wnstatite talc
In the Matheson ultrabasic belt of N.Ontario secondary

steatitization with carbonatization form a distinct keeled envelop
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Lo most serpentinite bodies (Grubb 1962)..These zores grade from pure
tale to talc-chlorite ro magnesite rocks,Along sheared or fractured

Z nes where movement of solution was less restricted the resulting
intensive carbonatization of the Serpentinite reduced the 602 and
increased the 5102 contents so that when temporarily blocked either

by imoervious dikes Or country roncks or regions of higher compression,
these new siliceous solutions reacted with the enclosing serpentinite
to form tale and lesser chlorite,

MgBSiZOS(OH)4 + 4 3102+ HZO ___ég.Mg38i4010(OH)2 +202

Jerdentinite Tale
In the ultrabasic rocks of the eastern Sierra Lzone tale
Pecurs senarately and as pPseudomorphs after anthophyliites
(Dunham ot a1, 1958) . Jayaraman(1940) has doscribed tale Psaudomorpha
after tremolite 1in the dolomite marbles of Yellandu, Harangal
district ,He has shown the progressive changes in the chemical compo-

sition of the tremolitcs,during the formation of tale,

In tha srasent area the siliea rich solutions provided by the
Pegratitic intrusives seen to have played an imoortant role in

bringing about large scale Steatdtization,

6.5u4, PHLOCO? ITTIZATION

—

?hlog~pite ig formed by a metasomatie replacement of peridotites
associated with the introductior of F,P,Ti and Coz(Deer et.al 1962).
In the Day Book dunites of Yancy county,the development of phlogopitae
1s related to Pegmatite intrusives(Kulp and Brobst 1%54).Hore,the

reaction batwean the Pegmatitic fluyid “nd the olivine of the dunite
>
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produced an impure tale zone next to the unaltered olivina,anthophy—
llite asbestos next to the talc and ferr-us phlogopite adiscent to
the desilicated pegmatite. In the Pauni ultrabasics such zZoning of
the altered minerals has not been observed, The phlogonite occurs ag
:ij?gn? eonstituent in some of the assemblages associnted with tale
and chlorite, The ohlogopite appears to have been derived from the
from the

talc,probably due to the addition of KyFe | Al and

Pepmatitic fiuids,

Chlorite mirerals ara Present in varying amounts in most of the
rock tyoes,sungesting that chloritization kas taken place widely on
censiderable scale, The predominanbvariety is penninite with subordi -
nate amourt of clinochlore, The chromium bearing variety kannererite
oceurs mainly d48Socinted with the chromitites, Field and Laboratory
avidences indicate that chlorite was the last mineral to form among the
Secondary Silicates, It ig qQuite reasonable to assume that the forma-
tin of chlorits has served to stabilize the A1203 and Fel released
during the formation of earlier minerals,

In the ultrabagie rocks of Twin Sister mount1irs,”ashingtan,

.t : g .
OCcurrence of chlorite has been exX2lained by reorganisation of Serpen-
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tine formed in through going fractures in the fresh dunites by the
action of silica rich adsorbed water or water vapours(Gaudette-1964),
The conversion of tha Serpentine to chlorite through reorgarisation mzy
be accompl ished by only n slight incronse in the activation energy

of the sersentine, This could result from slight temperature increase,

small changes in the pPressum of the envirunnent, cr nerely from the

extended duration of geologic time during which such reorganisation

might be accomplished,

The greatest amount of alteration of the ultrabasics, associated
with the chromite depasits of North Carolina,has been caused by
chloritization, The chromite rinsseg are invariably associated with
penninite and tale.Some chromite graing are comnletely enclosed in

penninite,

In the bronzite peridotite at Nunyle,Yestern Australia,chlorite
is common to most of the rocks affected by hydrothermal zetivity,
Particularly thosge centaining Serpentine, Here chlorite is congidered
to be derived entirely from the Feaction of aluminous minerals with
Sernentine,or as result of the introduction of alumins 2lonp veins
into Serpentinites(ETHingtnn;1963). In this aren chlorite was 1lso
formed by tha hydrothermal alteration of 2¥yroxene and Probably olivine,

Ir the pre-ent area chroma—bcwring chlorite (Kammararite)
derotes thag small quantities of chromium were dissolved in the
hydrothermai solutiong, However , the uantities of such redissolved

chromiym ordinartly scem to be rather smali corresponding to the



resorption of chromite grains contemporaneously with the formation
of several reaction minerals, This phenomeron  however does not have

any great guentitative importance,

6.5-6, CHERTIFICATION

The silicate mineral assemblages and the chromitites of the
Pauni ultrabasics have been chertified at certain places. Field and
laboratory evidences show that the chertification was thoe last of
the hydrothermal alteration Processes, It rrobably took place 1in

Successive phases ag evidenced by the cutting necross relatiors of the
¢ a2

4
4

|
ca veins and their different stapes of erystallization ag observed

i

w0
[
e

in thin sections, The silica rich solutions responsible for the
chertification appears to have bheen derived from three sources,
(1) relecased product of earlier hydrothermal alterations, (2) resi-

dual pepmatitic liquids and (3),from the country rocks,

6.6. SUPERGENE ALTERAT ION

6.6-1. VERMICULITIZATION

Bassett(1961) hag Summnrisad the occurrence of vermiculites ip
ultramafic rocke, and concluded that they are exclqsively to be in
close association with Pegmatites,or if in fractures away from the
Pegmatites these are apiarently genetically related to Degnatitic
activity, However, Ragétt indicates that evidences arc such that
4 supergene alteration from biotite or phlogonite now aAppears to
be the most frasihle exnlanation for the genesis of vermiculites,

]

During Vermiculitization alkalies are removed and mych hydration
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takes nlace,

?roblems associsted with vermiculites have been invastipated
by Tarshad(1948) who concluded that they were essentially micas with
the K renl-ced by Mg or Ca, He recognized four types: (1) vermiculite
18 an alteration product of chlorite during the hydrothermal stage,
(11) vermiculite-biotite mixture (iii) vermiculite-chlorite mixture
and (4v} biotite-chlorite mixtures. Dy utilizing the base exchange
capacity he could comvert three of these types in ts hiotita. The
vermiculite-chlorite mixtures, however,while otherwise similar,were

not so in this respect,
K

Caudette(1964) advocates that the vermiculites associated with
the dunites of Twin Sister Mountains Yashington seems to have been
formed 2s a result of secondary glteration of chlorite or ser~entine
by sub-neriail weathering processcs, The processes of alteration is

summarised below:

(Mg,Fe) 810+ 810+ 4H,0 6 Mg S10.+ 4 10
{clivine) i (enstatita)

e,Mp) 51 } ! Si } i
(F,,Lg)Solaolg( H}S ﬂgsbLéolo(QH)z NgB(JH)6
(ser}entine)l (chlorite)
(g ,Fa) Si OH) Mg, (OH)
Mg ,Fa) .:14010( i >g)3(<H 6 /

(chlorite) \\%i'

UEﬂthering

(Mg, Fo )3Si 0, . (0H )2- (Mg )

i 4510
varmiculites

Dunham ot al (1958) have reported that the vermiculites,in the

chromiferous ultrabasic rocks of Eastern Sicrra Leong is exvosed in

the surface pits,associated with the regmatites,down to ;cvcr 40 m,
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balow the laterite horizon,It is absent in deeper levels, Vermiculites
of this area am ascribed to surface W.athering of phlogonite and
biotite. The Day Rook Vermiculite devosits,Yrncy County in N.Caroling
occur in altered dunites intruded by pegmntitcs(Kulyland Arobst 1954),
These are considered to he a weathered product of phlogopite formed by
hydrothermal changes.

4dccording to Elkinpton (1963) the occurrence of vermiculite

¥

in the nltered Pronzite neridotite at Nunyle,,Australia, near two
bDegmatites indicates that hydrothermal sction was involved in its

genesis, An alternats viow given by him is that the hydrothermal action

gave rise to chlorite which on weathering was converted to vermiculite,

The vermiculite denosits of Hafafit  Egypt occurring near the
eontacts of pegmatite and Serpentinites are considered to be of hydro-
thermal origin by Amin and Afia(lQSA).Similzrly for the vermiculite
oceurrernices at Phalabarwa,Africa,Gevers(1949) envisages the nossibility
of a hydrothermal origin for the mineral. The vermiculites associted
with the ultrahasic rocks tr wversed by pegmatites at KWekira,Tﬂngenyika
have also been attributed to a hydrothermal origin (Yilliams And

Skerl,19240),

The vermiculites of the present area show similar mode of
occurrence and associatiocn ag in the above mentiened areas, The
ultrabasic rocks have been intruded by a large number of pegmatites
and granites jand varmiculites sre generally associated near the

weathered contacts., From the nature of occurrences and association



it appears that the vermiculites of Pauni area are the products of
sudergene alteration of some chlorite rich nortions of the hydrother-

mally altered ultrabasics,

6,6-2, LATERITIZATION

In the present area, the ultrabasics have been latoritized

5

at places. It is of supergene alteration and is confined to the
zone of oxidation.All the silicate minerals have been converted into

limonite during this srocess,

6.7. GENESIS OF THE ULTRARASICS

Two main categories of ultrabasic rocks are recognized by
geologists: (1) Stratiform ultrabasic complexes or Bushveld type
(Daly 192¢ ,Hall 1932 ,Pecsles and Holland | 1940) (2) Alpine-tyne
of ultrabasic intrusion of the prim-ry seridotite suito occurring

along orogenic belts(Nenson,1926:Hess 1937,193€; Thayer, 1960),

A third group,intermediate between the above two,known as
pseudostratiform-aline type comdlexes,has been recognized recontly

(Grith.1958;Thﬁyer,1960).

Based mainly on the criteria suggested by Thayer(1960) the
ultrabasic rocks of Pauni area have been compared with the alpine
ty'e end stratiform type inNable 25, It ts quite evident from
this comparison that the ultrabasic rocks of the present area show

much similarity to th t of alpine tyre in respect of mode of oceurre-

nce, shape and size,structure and coavon Lydrothermgl alteration.
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.7-1. STRATIFORM TYZE

o

Hager and Deer (1939),C-meron and Emerson(1260) ,Fess(1960)
Jackson (1961),and many others have described stratiform ultrabasic
complexes which have been formed by cryetallization differentiation
of 2 magme of basic composition, Other workers Le}iemgthat many of the
stratiform complexes were formed due to multiple injoctions of mAagmas
drawn at intervals from s concealed reservoir, Differentiation in
*lace can account for some of the large scale oscillations observed
in the stratified lopolith of the Bushveld igneous complex

Lombard,lQRL).jimilarly in the Great dyke of S.Rhodesia,Worst (1958)
believes that the magma of the dyke was emplaced in many surges of
inflows, The variations in the rock types of the Union RBay Complex,
Alaska have been ex>lained by Ruckmic and Noble{1959) as due to

intrusion of successive g2bbroie,pyroxenic and dunitic mapgmos,

Lecording to Kennedy(1955) 1 bagaitic magma,crystallizing under
differapt conditions such as variation in the partial pressure of
exygen,could be made to follow differert trends in the differentiation

£iving igneous. comp loxes,

BT ALPINE TYPE

The gencsis of alpine type of ultrabasic rocks(as established
earlier the Pauni ultrabaskcs telong to this category) is a debatable

sreblem, In thig regard, there are three miin schools of th-uprht
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(1) Ultrabasic intrusions as magmza .,
(11) Emplacement of peridotite material in the form of crystal mush,
(111) Intrusion or cven extrusion of basaltic material and their

differentiation,
(1) Ultrabasic intrusionhs as magma

It was first advocated by Burrac(1320) and supported by Rensor
(1926). Later Hess (1938,1948,1955) elaborated the theory, He belioved
that the ultrabasic bodies were formed by marmitic intrusions
(hydrous peridotite magma~-serpentine magma),He has described pmarallel
belts of sersentine intrusion which are concentrically zoned and are
froeof chromite, Jiikinson(1958) in his study of alpine tyne of
sernentinites of Qucensland, has supported kess and has sroduced -vidor-
ces in favour of the fluidity of the ultrabasic megma, Hatson(1951) hes
proposed the intrusion of peridotite magma in the.“ltshkeh Islards
complex, The concept has also bzen supyorted by Little(1949)
Heissleitner. {1957), Wijkerslooth(1354) Schmidt(1954 and

Noble and Taylor (1960),

The lack of contact metamorphism around the alpine typae of
ultrabasic rocks, seems incompatible with any hypothesis irvolving
intrusion of largely liquid magma.Rapid cooling also cannot exp.sin
this phenomenon because Petrological evidences show overwhelaingly
that cooling conditions were slow. This 1is expressed by the grain
size of chromite 2nd the silicates,which is in general much coarser
than that of the layered comp lexes showing high temperature enntact

metamorphism.Raaidly cooled rocks and chilled margins are lrcking



near  the contacts of alpine type ultrabasic rocks,

An alternative suggestion has been given by Turner and Verhoogen
(1960C) for thc absence of contsct metamor-hism which might reflect
inward flow of water from the country rock into the hot intrusion of

ultrabasic mapgm~,

(IT1) Emylacemant of peridotite material in the forn of arystal mush,

On the basis of observetions on experimental studies of the
mineral assemdlages akin to ultrabasic minerals, Rowen ~nd Tuttle
(194?)_;?wcluded that the ultrabasics can intrude only in 2 solid
State,since a magma of peridotite composition cannot exist helow 1000°C,
2 temoeraturs certainly not in accord with observations of metamor-
phism at the ultrabasic contacts, The system MgO-SiGéFzﬁ has been
studied by them at sressures well above,2,000 atm and at temperatures
upto 1,000°C bu: no liouid was formed at any composition,indicating
that the flusing of water is unable to effect melting of any mixture
of magnesium silicates upto 1,000°C and that there is no likzlihooa
of a natural magma. Towen and Tuttle think that there is no Js5cave
from the conclusion that ultrabasics (alpine type) can be intruded

only in a solid state,

88, et, al, (1954) came tn the conclusion that diverse annroa-
ches to the vroblem of the origin of dunite and relatad rocks ,secm
to present cenvineing evidence that the rocks weras formed by the

intrusicn of o largely mush 1ike material and that thie material was

e Qo Ly | . ) . Ty &
made un essentially of olivine, The relationship indiecates that
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the peridotite substratum is the source of such unusual material,Rut
they also state that some dunites and related rocks show relaticnships
with basaltic rocks and evidently had a different genctic history,as

for instance,in the case of Stillwater Com>lex,

The cone2pt of crystal mush intrusion explains better the
observed world wide phenomenon of the absence of metamorphic effects
of even large bodies of peridotites of the alpine type. The lack of
contact metamorphism on the country rocks is explained,if it is assumed
that the fluid constituted only o fow percent of the total peridotite
m=88. The mnergy sct free by crystallization would thaon be very smali
and in that casc the borders of the emplaced mass would be ranpidly
cooled into the temperature stability ranges of serpentine and any
significant inflow of watar from the country rock would inhibit or
Prevent contact metamorphism(Thayer,1960), The concept has hecn
further sup.orted by Flint et,al, (1948) Wells et, al, (1749) and

Stell (1058),

The structural =nd textural featurcs of chromite deposits are in
favour of this concept, Chromite bodies were brought up in solid con-
ditions along with the silicate crystal mush, Intrusion in semi-solid
condition is cvidenced Py extreme deformation by folding,rupture and
shearing inside the body and shearine and thrusting along the borders as
ior example thnSinghbhum ultrabasics(Sirgh,1966). Zimilar evidences

have alsc been roted in the sresent area (Tahle 253,
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(I11) Intrusion or even extrusion of basaltic material and their

differcntiation,

This concept envisages intrusion or ever extrusion of basaltic
material originating below the Mohorovimcic discontinuity and
differentiation in laccolithic bodies. They are similar_to the layered
comnlexes where gravitation fractional crystallization took place
in situ with an eventual effusive character of ophiolite magmas,
Supnorters.of this concept are Railey and Mcﬁnilien(l363)Kundig

-2 % o " 3 . 4 1 Bl
\iY J nd orchert \ﬁg_u,a.;u..l' n 0 Laundce ANLF00 ).,

If the original mapgma was basaltic a large portion of acidie
compoments should be associated with the ultrabasic differentiates
as 1s observed in the stratiform complexes, This is not so in the ca%e o
alpine types. In the case of extrusion of basaltic migma, cooling would
be ton quick to allow any differentiatisn,Mereover,the structural amnd
textural features of the ultrabasics along with the chromite ore

bodies do not support this concent,

There are other concents which howaver ,have not gained much support
such as(a) Emplacement of solid peridotite material from the perido-
tite substratum. Emplacement of the rocks tock place in crystalline
State without any fluid medium,Deformations tonk plzce in depth by

metamorphic srocesses and flowage(Ross 1959,1961:Rost 1959).

(b) Intrusion of basaltic magma forming stratiform comolexes in depth,
In a much later geological epoch they involved in alpine tectonic

movements (Melke,1962:DonAath 1962),
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(c) Ultramafic comolexes were formed as the effect of a local basifi-
cation and rheomorphic mobilisation of rocks in the basement complex of
a rising front of acidification and anatexis. This is supyorted by
Van Pemmelen (1960), He belioves that it is also possible that tensi-
onal rifting im the geosynclinal area promoted the ascent of basic

to ultrabasic mapma from deeper levels in the substratum,

(d) The formation of ultrabasic rocks by metasomatism has heen
advocated by French wvorkers, ?errin,Reubzult and Lriens(1953) and
Avias (in Sorensen 1967)have interpreted the concordant peridotites

of New Caledonias asg products of metasomatic transformation of basaltic
lavas, The ultrabasic rocks are considered by  Avias to have been
formed by PTORressive concentration of Mg,Fe,NMi and Cr possibly as

& result of high stress, S$i,A1,Ca and Na were expellad to the

adiacent rocks,

(e) Ultrakasic rocks a8 a oroduct of metamorshic differentiation
Possibly caused by tectonic over Pressure has been advoeated by
several wvorkers like Earth(LQh?),Raﬁborg(1052),Sorensen(1953,l967),
Vikkplq(lQSS),Renningtnn(1956) and 0en(1962), Renrington from »
study of equilibrium conditiong of serpentine mineral assemblages
has opined that the ultrabasic rocks are the residual product of
extreme metamor-hie differentiation under high pressure and strong
shearing stress, According to Reitam and Oen(in Sorensen,1967),

the peridotites from Caledonides of N.Norway ,were formed under

Snecial physioo-chemical conditions in zones of high Pressure,whare
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the formation of minerals with small mol volumes such as forsterite
and enstatite,is favoured,

The above views on metasomatic and metamor shic origin of ultra-
basic rocks have gained acceptancs orly with regard ta local occurrenc=:
in particular environments, Evidences in Suoport of metasomatic and
métamorshic origin for the ultrabasics of the presont area are enti-

rely lacking,

6,7-3. 28 UD0STRATIFOR: ALZINE TYPE COMPLEXES

These are intermediate in character between the stratiform and
alpine type coms lexes discussed earlier, Thayer(1960) regards the Bay

of Islands and Camacuey complexes as examples of these ag they rese-bls

the stratiform ip distribution of 2abbro and peridotite,but have altl
the fundamenta] characteristics of the alpine types,.Smith(1952)
considers the ‘ay of Islands complex to be of this type due to the
following reasnns:

a4 B although layered gabbroic rocks overlie

peri

dotite,in many lacesg
they are nnt conformahble and there is no cryptic layerinm;(2).énbbroic
chill racks sre lacking but the country rocks show moderate thermal
Metamorphism; (3) the ultrabasic rocks exceed the gahbros in volume;
(4) tlowaga Phenomena are Drominent inp Places; (5) the Plutons are

Wedge-shapad instead of lopolithie in form™,

6.8 THE PAUNI ULTRABASICS

On the basis of above discussions and - the field and
laboratory evidences, the following conclusions have bzen drawn

for the gencsis and emplacement of the Pauni ultrabasies.
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(i) Though the primary structures, textures and mineralogy of the
ultrabasics have been largely obliterated by later deformations,
‘igneous activities, and hydrothermal alterations, they show chara-

cteristics of alpine type (Table 25 ).

(ii) The ultrabasic bodies were derived from a dee: seated primary
peridotite mogma which crystallized and partly differentiated by
fractional crystallization at depth into chromitites and other olivine
and pyroxene bearing bodies (The composition of this magma cannot be

deciphered due to various stapges of hydrothermal alterations).

{1ii) The differentiates intruded the country rocks in a semi-solid
condition~ as evidenced by folding,s rupture and shearing inside the
body. Lack of contact =ffects supports that the bodies intruded at a

low temperature,

(iv) The bodies ware emplaced during the earlier stages of first fold
movement s (Fl) and the localisation was controlled by the gxis of a
major fold (The maior ultrabasic zone cceupies the axial region of

a synform fold),

(v) The ultrabasics intruded mostly as small discontinuous,lenticular

concordant plutons along the weak zones of the country rocks,

(vi) Later deformations and hydrothermal activities have beer respon-
sible for the present shape, form,size and composition of the Pauni
ultrabasics,



CHROMNITE DEPFO S 1T 48

7.-. INTRODUCTION

Chromite has a unique position in the wide range of ore minerals
because of its occurrence as the only kind of 6re mineral of chromium,
and further the ore 1in its turn ie restricted genetically to the ultra-
basic rocks. In the Pauni area chromite grains have concentrated to
form deposits in several small ultrabasic bodies., The degree of concen-
tration of chromite farains varies widely from few disseminated grains
a8 accessory comstituents to massive ore composed almost entirely of
chromite, Bodies forming rich concentration of chromite have been

termed as chromitites,being one of the rock units of ultrabasics,

7.2, LOCALISATION OF ORE BODIES

The chrorite deposits of Pauni occur in the wultrabasic zone
lyine 1 Km, northwest of the town, The chromite bodies,proved and
oxXploited so far, arc concentrated in a belt at three Places,about
800 m. apart from each other. This chromite belt trends ENE-WSW frop
Nilkanteswar temle on the bank of the Wainganga in east to Nimgaon
In west, There are f~ur main quarries which lie along this strike
(Map 2)., The chromite belt occupies roughly the central part of the
alca covered by the ultrabasic bodies, Ficld evidences indicate that
this chrome bearing horizon lies along the.axis of a maior synform

fold of the country vrocks, Towards north and south of this central belt
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the ultrabasic lenses are smaller in size and occur at wide intervals

containing occasionally very small uneconomic chromite lensges,

As all the primary silicate minerals have been altered in the
L.trabasics,it 1s not possible to associate the chromite bodies with
any narticular rock tynes, However, it has been obscrvad that the chro-
mite deposits arc dominantly associated with the steatitised ultrg-

basics,

It has been found that the ore bodies are invariably associated
with the isolated ultrabasic lenses and broadly conform with the dis-
position of the parant . rocks. Though the emplacement of the ultrabasic
bodies has been controlled by the maijor fold axis there does not appear
to be any structural control in the localisation of chromite bodies,
Some deformatinnsg of the chromite bodies like splitting,disseminaﬁion,
pinching and minor discordance with the parent rocks appear to be due
Lo flowage of magma during their emp lacement , Further they were dafor-
med by shearing, faults,and folds and later intrusives aftor their
emolacement, At g later period the hydrothermal alterations have atfected
the entire ultrabasic mass, and thus the alteration does not bear ary rel-
atiorship with the localisationof the chromite deposits, Hence it has
been concluded that the chromite deposits are of Pre-tectonic and nre.

hydrothermal changes,

7.3, STRUCTURE,SL%BE.SIZE ARD MATURE OF THE BODIES

Broadly, the chromite bodics of Pauni area can be classifiod (s

lentifular bands. These can be further subdivided as (i) banded,



Fig.No,56

Fig.No,57

Fig . No . 58

Fig.No.59

Fig.No.60

Fig,No.61

Fig,No,62

Fig.¥o.63

Fig.N».64

Fig.No,65

Fig.No.66

PLATE No,XVI

Field Diagrams

Section - Discontinuous chromite lenses in the ultrabasics,
Lenses of the ultrabasics are observed in the chlorite-schists,
Location - Pit 3, Quarry 2.

Section - Small chromite lenses in the ultrabasics.Location -
Pit 3, Quarry & (Modern Plastic's claim),

Plan - Chromite lens showing bifurcating, enclosing talc tremolite
schist. Location - Pit 2 , Quarry 3.

Chromite lenses showing pinching out character. A folded chromite
layer in the upper portion, Location - Pit 2, Quarry 3,

Plan - Several thin chromite bands and stringers adjacent to a
chromite lens. Location - Pit 3, Quarry GCS(Modern Plastic's claim)

Section - Thin folded bands of chromite and associated ultra-
basics, Location - Pit 6, Quarry 1,

Section - Fault displacing the ultrabasics, chromite hody and
other associated rocks., Location - Pit 3, Quarry GCS(Modern Plastic's
clain),

Plan - Pinch and swell structure of a chromite lens -Location-
Pit 5, Quarry 4(Modern Plastic's claim),

Section - Stringers of chromite in the ultrabasics. Location
Pit 1; QuirEy 3.

Section - Chromite lenses extending ihto the residual soil cover.
Location - Pit 3, Quarry GCS (Modern Plastic's claim).

Section - Pegmatites intruding the chromite bodies. Location-
Pit 6,Quarry 1.



PLATE No.XVI

Fig.No,59

Lo BEx

E GRAMITES Al
PEGMATI TES

5] wewsoun

— T e

Fig.No,64 Fig.No.65 Fig.No.66



-:189: - .

types and (1i1) disseminated types , Th: orc bodi s genarally

vary in length from 0,30 m, to over 50 m. and in width 0,5 m, to as
much as 2 m, Minor occurrences of pockets,pods and stringers are alse
feund, A1l these types of deposits tocether fall under the group des-
cribed as 'podiform type' by Thayer (1963,1964), Podifornm chromice
deposits are defined gs fundamentally lenticular concentrations of
cromite ranging from massive to dissemhnated type, Further this type
of chromite ore bodies is characteristic of the alpine~type of'ultra-

basics. In the ?auni area the massive lenticular type 1s mosticommon

and important from economic point of view,

The ore bodies are irregularly disposed alsng both their strike and
dip and show sinch and swell Structure. Irregular folding and displace-
ment due to faulting of the ore bodies are often observed (Figs.6l ,62).
Repetition of the chromite bodies dye to folding and faulting has taken
Place at close intervals, The bodies have been subjected to much shear-
ing stresses., Four to five major sets of joints are noticed in the
majority of the ore bodies Figy 87 ). The joint planecs generally show
8 thin coating of Secondary silicate minerals like taic or silvery grey
micaceous chlorites, These plancsg generally show Striations indi:nting
movements along them ‘Many of these joints are closely spaced at
5 to 10 ¢m, intervals. Small Pleces of ore in geometrical shapaee g5
rectangular and Pyramidal blocks come off easily on gentle br aking
(Fig.100). Tha ore is easily Separable along'the joint Planes, hence the

exploitation of ore does not involve Blasting or heavy tools, 1In Some

of the ore bodies shear Planes are curviplanar, Smail blocks sap-rated |



Fig.No.67
Fig,.No,68

Fig.No.69

Fig.No,70

Fig . No.71

PLATE No,XVII

BLOCK _DIAGRAMS

Discontinuous lenticular bodies of chromite, These lenses are
parallel to the enclosing ultrabasics. Location-Pit 1,Quarry 2.

Chromite lens showing variable thickness. An 'island' of ultra-
basics seen in the chromite body. Location - Pit 2, Quarry 3.

Abruot pinching of a chromite lenms. lLocation- Pit 6,Quarry 1.

Vertical and oblique sections of a chromite body intruded by
pegmatites. Location- Pit 6, Quarry 1.

Cylindrical chromite body. Location- Pit 5, Quarry 4,
(Modern Plasticds claim)
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from such bodies give semirounded to rounded surfacc devoid of angular
edges, Less commonly spheroidal oieces with a coating of silicates

occur,which have been termed as '"chromite balls"(fig.111).

Some of the orc bodies bifurcatc or split and after some distance
again join, enclosing pockets or lenses of gangue minerals (figs.58,60),
Although bounded sharply on the sides,deposits grade out laterally into

(f1gs.69,96)
stringers or may end abruptly;.Some ore bodies may grade from massive
high grade ore on one side to low grade disseminated tyne on the other

side., Mowever, no corsistent pattern on top and bottom or on hanging

wall and foot wall is seen,

Chromite lenses occur in the ultrabasics as disconnccted bodies
similar to the occurrence of 1its parent rock in the chlorite-schists,
Yherever the lenses are less disturbed tectonically, the long axis of
one lens may indicate the presence of anothor lens along the strike
direction, The distance between the lenses may vary. The lenses,
though ninch out after some distances along their strike, are some-
times connected by trails of small concentrations of chromite grains,
Some of the chromite bodies aradually merge with the encleosing ultra-

basics,
7.4. TY2E OF ORE

The following types of chromite are found in the area:
(i) Massive granular type (non-banded):(ii) Bandad (including
schlieren banded) type; (if1) Disseminated ty-e: (iv) Miscellaneous

tyses including float ore, lateritised ore and chertified ore,



T- 8B LHE <27
MODaAL ANALXSIS OF CHROME ORE SAMPLES

Serial No, 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Specimen No, 1/621 1/614 1/610 1/670 1/620 1/606 1/586 1/591 1/540 1/13 1/59 1/11 1/15 1/61¢
Chromite 7 83.65 80,21 87«13 84,54 86,62 90.75 286.09 82.48 92 .39 Q121 88,78 88,56 89.06 84.4¢
Gangue 7% 16.35 L2895 12.87 15,46 13.38 9.25 13.91 17 .52 7561 8.79 0 I 11.44 10,04 15, 5z
Cangue minerals CHL, HL,. TA, CHL., TA. SERP, BERP | TA, TA, SERP TA SERP TA TA

TA, TA, SERP, SERP. TA, SER?,  SER?, $a..  oEL. CHL,

QU[{_

Serial No, 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Specimer No. 1/2 1/533 1/604 1/581 1/569 1/21 1753 1/6 1/85 1/699 1/86 1/668 1/561 1/59¢
Chromite % 97.08 86.25 88.62 90.66 74.77 76.78 60.69 3 L 72.48 54.42 68.21 69,96 75.04 68,43
Gangue 7 2,92 L3575 1X.:38 9.34 25.23- 23,27 b s i 42,60 27352 45.58 31.79 30.04 24,96 o % 1% o
Gangue miner- CHI., CHL, | Th, TA. I'RE. TRE, CHL, CHL, TA, TA, TA, TA, HL. TA,
als TAL JUA. SERP. TA, CHL. TA, TA, CHL.. IRE, GHIL, SERP, CHL,
Serial No. 29 30 3L 32 33 S 35 36 37 38 39 40 41
Specimen No. Ti/52 1/8 1/59 1/76 /7 1/62 1/58 1/652 1/485 1/54 1/608 1/61 1/12
Chromite 7 #3496 S L5 59.44 67:36 75.77 50.19 75.69 53 50.32 49,70 31.25 7L.33
Gangue 7 26,04 48,73 22,41 40,56 32,64 24,03 49,81 24,31 47 . 49,68 50.30 68.75 28.67
Gangue TRE , TA, TA, TA, CHL, TA TA. TA, TA, CHL , TA, TA, TRE,
minerals CHL, CHL, CHL, TRE, QUA. CHL, L, TA;
CHL, - Chlorites TA - Talc SERP . Serpentine TRE - Tremolite QUA o Quartz-chalcedony
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Further the chromite ores can also be classified on the basis of
their minerals into the following types of chromitites:
(1) Tale-chromitite (11) Chlorite-chromitite. (i11) Tremolite-chromitite.
(iv) Serventine-chromitite, (v) Talc-chtorite-chromitite. (vi) Tale-
tremolite-chromitite, (viid Talc-serpentine-chromitite, {viii)Tremolite-
chlorite~-chromitite., (ix) Chlorite-phlogorite~-chromitite (x) Chert
(chalcedony) chromitite,

Table 27shows the modal analyses of some of the representative
ore samdles with their respective percentages of chromite and gangue
minerals., The character of gangue minerals associated with the ores

has alrc-dy  been described in chapter VI,

Massive Or granular tyoe - Close aggregates of chromite graing with

minor interstitial gangue has given rise to massive ore, There are
several grades of ore dependirg upon the ratio of the ore-mineral and
the cancue, Generally the amount of gangue v-rics between 15 to 257
Tablezy). Massive ore with less than 3 vercent pangue (by volume)

has been occasionally found in the quarries. The ors penerally shows

a dull black or dull greyish black colour. Some ores with minor gangue

exhibit a4 shining black or pitch black colour., The specific gravity

nf the massive ores varies between 3.3 to 4,25, Megasconically the
chromite ores are fire to medium grained, As mentioned in a later part

of this chapter the original coarse grains annear to be smaller due

to fracturing and fracture filling by thao gangue minerals, Few small

ore bodies give a compact massive appearence, At places due to shearing

the ore has been mylonitised and the crushed particles are closely packed
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together along the shear nlanes. Some of the ores arc soft and easily

disintegrate due to the higher amount of weathered gangue minerals,

In thip sections, the ore shows fractured fragments of anhedral
ard nolygonal chromite grains (fig.Luﬁa.THc fractured fragments together
show 'pull apart' texture (refer pagel96). The interspace between the
fractures has been pushed aside and filled with sil'icates. The opposite
walls are mutual and match well if joined together (fig.154). Many frag-
ments of the chromites show cmbayad borders and effgcts of resorption
(fip.158), In the ordinary light the chromite grains are dark opaque,
or masked by blood-red or brownish red colour, Many grains show trans-
luscent fringes of dark brown colour. Rarely the grains are transluscent
with yellow to brown colours. Under refl;cted light in thin section
the grains exhibit grey colour with a red tint and sub-metallic lusture,

Dull black natches are often observed,

Banded type - Banded tyve of ore is of restricted occurrence, It
includes the normal banded types with continuous layers,lenticular banded
and schlieren banded tyses, In the normal banded types the bands of
segregated chromite are senarated by silicate hands with disseminated
chromite or %{SP?f;cn silicate layers. The banding is planar and

rthythmic (fig,/_), Generally the chromite bands are between G.5 to 2 cm,
ttick. Less commonly it rcaches unto 5 cim. These chromite bands contain
20 to 30 percent gangue by volume. The alternating silicate bands vary
from 0.2 to 2 em. in thickness. In few of thase banded types the alter-
nate chromite layers or si'icate layers converge at some points, In

Some of the banded types, the silicate layers appear to be of secondary
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origin as these layers are not persistent and are devoid of chromite
grains, (fig.118),

In the schlieren banded types, the bands are very thin and their
boundaries are trarsitional and ill-marked (Fig.119). They are generally

(fig.120)

persistent for short distances and at times are contorted/.Tt is diffi-
cult to separate the individual bands. The percentape of gangue minerals
is quite high (30-407). The schlicren banded type 1s of minor occurrence

in the present area, and is generally found associated with normal

banded tynes,

Many closely spaced lenticles and streaks of chromite are found in
the ultrabasics as impersistent bands ¢ fig.121).Small narallel to
sub~parallel lenticles containing 40-507 chromite grains, arc observed
in the siticate mass. Many of these lenticles show contortions, Their
thickness varies from 0.5 to 2.9 em, and laterally the individual lenti-

cles range between 5 to 10 cm,

In thin sectisr the bands of chromite corsist of fract-
urad fragments with corroded and enbayed borders enclosed in the secon-
dary silicates, The fragments show incipient fractures, In the ordi-
nary light chromite prains show dull black colour with a reddish Eint.
The gangue minerals around the chromite grains exhibit a yellowish
brown staining. Under reflected light in thin section the chromite

grains are greyish black with sub metallic lustre,

(1i1) Dissemingted type, The chromite grains are disseminated in the

ultrabasics in various proportions from a few scattered grains to as

much as 30 percent, In Some specimens the chromite grains form incipient
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parallel banding, This tyoe of ore grades into schlieren and normal
banded tynes,

In thin section the chromite is generally fine grained (0.5 -1 mm)
and many of them exhibit cuhedral outlines (fip.%8), Due to resorption
their borders are ragped,.As compared to other types,fracturing of the
individual grairs is much less in this type of ores, This is presumably
tue to abundance of soft silicates making the ore comparatively incom-
petent, Many chromite grains in the form of relict patches are surro-
unded by clusters of chlorite flakes (£ig.147).0ther 2roperties are
similar to the chromite already deseribed in massive oras,

(iv) Miscellaneous types

(a) Chertified oreg - These ores are confined to certain pockets in

2

qQuarry No.l and 2 (S,C, Shukla's claim), Generally the amount of chro-
mite is less than 507 in these ores, Some of the chertified ores have
several cavities containing cryptoerystalline silica (chalcedony) on

the walls,

Ih thin sections, separated frapments of chromite grains are
observed in a ground mass formed mostly of cryntocrystalline silica
with relict tale and few flakas of chlorite. Some of the fragments show
rims of chalcedony showing colloform texture, Silica has replaced partly
or wholly the siliecate minerals occupying the fractures of chromite,
In ordinary light the chromite fragments are dark Opaaue and under

reflected light brownish black colour. Rims and fringces of the fra-ments

exhibit orange red or reddish vellow colour,
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(b) FTloat and lateritised ore - This tyse of ore is found in the zone

of oxidation particularly in the soil cover either as stray pebbles
and boulders or as thin laterite cover in the weathered part of the
deeper chromite lenses, Broken faces of the ore show a reddish brown
coating. Microscopic studv has shown that while the ganpue minerals

were limonitised the chromite grains remained unaffected,

7.5, TERTURE OF THE ORES

The following paragraphs deal with the texture,grain size,shape,
fracture and the interrelations among the chromite grains and the inter-
stitial silicates, as observed in nolished sections under reflected

light,

7.5-1, PRIMARY TEXTURES

Primary textures in most of the Pauni chromite ores have been

comnletely obliterated, Many of the crystal fragments show ewbayed bor-
ders with the interstitial silicatecs (fig.58 ). Scme of the fragments
exhibit corroded or ragged outiines while many others retain sharp
nutlires, In a few unfractured or lsss fractured ores the original
oolygonal outlines are still well preserved, showing hypautomorphic
granular texture. frimary barded texture is also noted in some ores,
‘sBme chromite grains show exsolution intergrowth with hematitef fig.159)

Hypautomorohic granular texture Coarse prained,polygonal hypau-

tomornhic and subrcunded chromite are clustered together with thin
f1lms of silicates along their intersnaces. The grain boundaries are

nutual (fig.156),
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Banded texture is observed in thinly banded ores, Thin bands of

chromite grains are separated by silicates., The contacts between sili-
cates and chromiteseareirr:gular,shnwing corrosion and embayments by
silicates.

“Xsolution texture - In Some ores chromite grains show rarallel streaks

and lam2llae of hematite along octahedral planes @iscussed later in

sage 99).

7.5-2, SECONDARY TEXTURES

Pull apart texture

The massive ore consists of fractured fragments of original
polygonal to anhedral grains of chromite, The chromite grains in these
ores are angular to subangular fragments rather than crystals. Since
the texture scems to have been formed by pulling the chromite grains
apart it is referred as pull apart texture(Thayer,l963). The walls
of the fracture have been pushed aside ard the interspaces have been
filled with secondary silicates(fig,1%), The opresite walls  are mutual
and match well if joined together, For similar toxture Fisher(1929)
has given the name mitread Structure,and related it with the hydrothermal
changes in the ganguc mirerals,

Cataclasm and resorntion

The microsconie examination reveals that the ores show in common
two facts: cataclasm and resorption., The ¢racks and fissures originated
by these forces are filled with secondary silicates., Two different
Stages of resorption are distinguished, The first Stage is related to
the formation of the ores during magmatic Stage (magmatic corrosion)

and the second Tesorption ig related to hydrothermal changes accompanied
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by the crystallization of new minerals, Although the first resorption
is not uncommon in the Pauni ores,the second type is more remarkable
and ubiquitous., Generally the second resorstion has obscmred the fea- ,
tures of the first resorption,

Nearly all the grainrs have been separated into frarments due to
cataclasm and fracture filling (fig.152), As the chromite grains are
highly fractured and the fractures have besn filled by silica and
silicates,it is difficult to delimit the boundary of the original grains.
In many ores smaller fracments arc close together,separated from each
other by thin film of silicates. In such cases it is difficult to
infer whether these are fractured frasments of bigger grains or they
represent independent smaller grains, The grains (fragments) of chro-

mite vary in size from 0,3 mm. to 3 mm,

Cataclactic texture is the most nravalent texture exhibited by the

chrome ores of Pauni, Many of the massive ores which have been sub-
jected £o intense stresses sfow cataclastic or brecciated texture
(fig.153) This reoresents an agperegate of several small angular frag-

ments separated by the gangue minerals, In the disseminated ores the

grains are less fractured than in massive oves,

Fracture sattorns

As  mentioned earlier,the chromite grains were subjected to

stretching (tensional forces) during the time of emplacement ,

causing systematic fracturing normal to the direction of maximum

tension, This gave rise to pulli-apart texture, Later,due to pnst-

emplacement tectonice activities the chromite was subjected to



different degree of fracturing. Variations from unfractured or less fra-
| (figs.150-153)

cturnd cres t» highly brecciated or mylonitised ore are obsecrved L

?hotomicrogranhs show the different degree of fracturing suffered by

the chromite ores, Different stages of fracturing are discerned,as

the later fractures have affected the earlier ones by disolacement

°r by cross-fracturing (fir.151). Curved patterns,warping and bending of

the fractures are common. These patterns of fracture have probably

resulted due to rotational movements during deformationg (fig.1352).

Irregular fractures are more cormon than regular fractures i,e.
they are not parallel or straight and continuous. Triangular pits are
observed along certain fractures. However, they are not as

Systematic or distinct as often noted irn galena,

Two masor sets of fractures are observed in less disturbed ores,
while nne set 1is prominent and have affocted all the grains,the other
Set-cross or oblique fracturas, ig impersistent and extends for short

distances(fig, 15D,

Fracturing of the individual grains have been »artly controlled
and conditiored by the shape and the size of the chromite zrains and
partly by the shape,size and amount of the gangue minerals around the
chromite grains. Some smaller unfractured or less fractured grains are
found associated with the highly fractured grains, The former might
be the oripinal (primary) smalier grains;while the latter representing
©

the surrounding coarser grains suffored - much fracturing. The amount

of gangue present affecting the brittleness and toughness of the ore

X

1 o - 5 = >
body is also an important factor in the degree of fracturing suffered
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by the chromite grains eg, in the disseminated chromite ores where

the pgangue minerals are more abundant the fracturing is less, and

@

in the massive ores where the gangue is in minor amount the fracturing

is intense,

In some of the ore sections thin irregular bands or veins showing
intense granulation and brecciation are observed in the coarser fra-
ctured grains, These intensely crushed nortions probably represent
microfault planes or shear zones, Mitra(1967) has mentionad similar

observations in the chromite or.g of Sukinda,Orissa,

7.6, OTHER ORE MINERALS

Homatite

Some of the chromite erains show thin parallel streaks of hematite
which is white in colour and of high reflectivity with strong aniso-
tronism (fig,159), This appears to have developed along the octahedral
cleavage 51ines of chromite, The Streaks or lamellae of hematite are
cnfined to certain Brains and are of variable length, The lamellae are

Seen mostly in one directfon; less commonly in two directions and

rarely along three directions, The acute angles subtended by different

exsolution lamellagof hematite show wide variatien between 22° ¢q 90°,

In some of the Oores stringers and patches of Sceondary hematite
have develoved along the streaks of the Primary hematite, They have
BYOWn on either side partly replacing the chromite (£ig 159), Ragg.d

borders and thejr irregular width Strongly suggost that these are of

replacement origin,
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The reslacement of the exsolution lamellae probably took sDlace
during the hydrothermal stage. The hematite lamellae of the chromite 1is
considered to be of high temperature origin and the secondary hematite
replacing this ore is a low temperature variety. Chromite-hematite
exsolution intergrowth has Leen observed in the ores of Kankauli and

’

Vagda Ratnagiri district,Haharashtra(Chakravaay and Guha 1961).

Minor amounts of secondary magnetite,pyrite and gocthite are
associnted with the gangue minerals in chromlte ores. These are con-
sidered secondary because of their close association with the secons

dary minerals. They are distinctly observable under high magnification.

Magnetite- occurs as soecks,irregular preins and strcaks along the
cleavages of some of the gangue minerals.

Pyrite is sbserved as several tiny idiomorphic grains,specks,and
grarules in individual and aggregate forms, in the pangue minerals.
Coethite 1is observed in a few ore sections. 1t occurs as fracture

N
£i1lings in the silicates and as rims and veins along the contacts of

chromite and the gangue minerals. It appears to b

(8]

of suNer[ene origing

- -
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C-H AP TmiR. - VET

CHEMISTRY OF THE CHROMITES

8.1, INTRCDUCTION

The chemical composition including the major and the trace
elements of Pauni chromites was investigated for the following
objectives: (i) to determine whother these chromites exhibit the
characteristics of true sninels over = wide range of compcsition;
(i1} to find out whether there is any marked variaticn in their
constituents in different orehbodies and in different types of ores;

(1i1) to examine the effects of hydrothermal changes in the ore

bodies.

The chemistry of chromite is often not well unlerstood,

esvecially with regard to the variations of TeO,FOZO3 and the ratio

of RQ to R503. Based on studies of the chemical constituents of

chromite ard their structure rany workers have given Jdifferont views

on these variations, The present investigator felt it imperative to

pool these views topether and present the chemistry of chromite in a

PTODer perspective. Further, this would help in the correct inter-

pretation of the chemical data of the chromite from the Pauni area

ot

and to correlate these with the senctice history of the deposits,

8.2. CHEMISTRY OF CHROMITE

B

Chromium occurs 48 2 concentrated constituent in abundance

in the ultrabasic rocks such ns dunites,peridotites,and Pyroxenites,
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The concentration of chromium in ipnecus rocks decreases Progressively
a8 the basicity of the host decreases. 1n the ultrabasic and basic
rocks the bulk of the chromium along with soma alumina,iron and,
mrgnesium form, chromite and othar chrome spinels, In other

rock Lyses, chromium occurs as a mipor constituent of Magnetites,and
silicates like uvarovite(cbrome~g2rnet}, chrome diopside, tawamanite
(cbrome—cpidote), fuchsite apd mariDOSitC(Ch?Om@'miCﬂs)’kﬂmmererite
and Kotschhbqite\(chrome-chlorites). Other silicatesg like olivine,

ﬂmphiboles,pyroxenes And mica may ¢ontain quantitios of chromium in

CXcess of 1,000 pom,

Chromite belongs to the spinel grous and like most of itg
members {g ap isomorphousg mixture of d: “ferent oxide «nd mechers,
“ith varyine chemical compositing, Braga(1915) apd Nishikawa(1915)
analysed the Structure of spinel (Mgo 31203). The basic Structure
consists of layers of OXyren atoms approxim~tely in cubie close
packing with tetrahedral -pd octahedral Positions hetween tha large
L IO, - 4 ek T
OAygen“ght@H-- R cations occupy tetrahadral gites and n cations
9Ccuwdy octahedral sites, fhere are 8 tctr“hedral,qnd 16 octahedral

s ) ) * . -~ . . T +
Positions in the SPincl unit cel], substitution ameng the Kz and

3+
among the R ions which have differing ionic radii,chances the

dimension of the unit cell | the refractive index and the eolour, The
above Parameterg represent the chemical composition of the chrome

SPinel itgalf, The chrome Sninels may 4 eXJressed in tormg of the

theoretical end memberg
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i

Spinel - Mg 0O A1203; Picrochromite - MﬂO.Cr203 ; Magnesia

v
H

o

ferrite MgO.Fe203; Hercynite-FeO.AleB; Chromite Te0 . CrzO
Mapnetite - FeO.FeOOB.

8.2-1, GEROMITE FORMULAE

The theoretical formyla of chromite 15 7 Cr204 with Cr203

bercentage 67.9, Howevar, in nature, such a surity is never obtained,

=

Fisher (1929) has Ppointed out that dure chromite with e0.8r203
composition ocecurs only in meteorites, Generally in the chromite
comyosgition, the ferrous 1iron fets replaced in sere by magnesium and
the chromium by aluminium and ferric iron.Hence the composition of
chromite is c¥oressed by the formula (Mg,Fe) (A1, Fe, Cr)ZOA. The

vide ramnpe in the chemical composition ~f chromite, duye to variation
in r2tios of Feg te Mpg0 and Cr203 to A1203 and Fe, 0. can bhe adequntely
shown on a triangular diagram devised by ¥.D.Johnston and described

by Stevens(1944), Stevens has ysed 2 simple dincram with el Fe, 0
(Mg, Fe) 0 Cf203 and (Mg Fe) 0 A1203 oceupying the three corners of
the triangle (fig. 79), By joining the Wwices of the triangle with

the contre of the opposite sides the triansle is divided into 8ix

fields. The field in which Cr203 is the mAjor constituent is the

(2821

iald of chromite  and this has heen subdivided irto tyn fields viz.
those of ferric chromite ap- aluming chromite,dependin9 unon the
Second maijor constituent, The other four ficlds are chromium mag-

Retite,chromiym Spinel, aluminpg mirnetite,and ferrian soincl, Thys

the compositin of chromite mq be arbitrarily Cxiressed as a splid



-:204: -

solution of six end members, Mg A1204, Me CrZOA’ Mg?ezo .
2+ {543

o A 1 e ) O o

Fe 41,0, and Fe Fe, 4

8.2.2 MINOF CONSTITUENIS

Manganese, nickel,titanium and vanadium are the important miror
constituents in chromite. MnO and NiO fit in the RO of the chromite
whereas V203 and TiO2 come in the 1203. Stevens{op, cit) Rait(19246)
Baskird (in de Wet and Van Niekerk 1952) and Vander "alt(1241) do
not consider titanium to be nresent in the latticc of chromite
crystal. Stevens substitutes an equal am-unt of ferrous oxide from
the total,assuming the titanium to be oresent as ilmenite. De “et
and Van Nickerk(1952) consider that titanium admittedly plays a
minor nart in the lattice, as trivalent or octahedrally coordinated
constituert, The amount of titanium is senerally more in iron rich
chromites. Vanadium is senerally not very highly concentrated and
does mot exeed C.17 in chromites(Geldschii?t  1937). Vanadium occurs
in direct »roportion to the amount of ?c+++ and inverse proportion
to that of chromium (de Yet 1952). Most chromites contain from a
few hundredth to n few tenthg nercent MpO, Ni0 is a very odersistent
constituent of chromites of commercial ore ramcing from 0.1 to

0.5 uercent,

8.2-3, RO :E_»

4.3

The ratio of PO/RZO3 (RO=Fe™ Mg": RO F0e™ ADPM Fe''1) 44 one

OF vary near to the same, It differs from unity if the chromite 1s

o

e s . S e el . B
oxidized or the ferric oxide is 1incorrectly renorted (Baskind,op cit)



The abnormal ratio may also be due to secondary iron oxides contained
in the samples,or defaoct structures in spinel or even due to solid
solution of oxides within spinels, Tlaskind his called attention to
the difficulties in irter-reting the composition of naturally
occurring chrome sliinels in torms of their difference in physical
pronerties reflecting their chemical comvosition. In this regard he
has Prnduced some avidonces by means of infra-red rhotograshs of
chrome-grain sections, It is perfectly feasible to expect chromite
crystals,seraratine as a2 solid soluti-n from magma to exhibit changes

in composition from crystal to crystal or within the same crystal, In

such cases the chemical analyses give only average values,

According t o de Wet and Van Niekerk( cp. cif) the excess of
trivalent ions need not be due to for=ign mattar in the chromite, but
is likely to be due to defect Sstructures. They point out that the
excess of faerric oxide reported by Stevens in some samrles may be
due to defect spinlus,withN’-FeZOB as end member, They caution about

the representation of chrome spincl composition in terms of simsle
end members,

According to Jackson(1%63) oxidaticn or reduction of iron
in chromite destroys the charge balance of the mineral and cannot be
accorplished without laree 3ains or lesses in other mijor cations
by diffusion or without the peneration of another oxide phase,
Alteration of chromite has been described by 2 number of authors

and is evidenced in the followirg three vays
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(1) dxsolution of a g (Rzog) ohase (Wi jkerslooth,1942)

(ii) Presence of a secondary spinal phase (Miller,1953)

(iii) Development of y(defect) structures in chromite (Rait ,1946),
From a study of several chromite analyses Fisher (19292) has

indicated that the ratio of 1:1 between bivalent and trivalent oxides

is not the ~oneral rule in chromite. Rased on this ratio,fisher has

classified chromites as follows:

Ratio of Ré 03to R 0

{molal amounts)
Low ratio | 12053

“"Sub=normal™ (less than 1:0.90) 1:0774

"Normal"(Between 1:0,90) 1: 0.998 and 1:1,00
"Abnormal(Greater than sty el e PO
Higher ratio 3 R A

According to Fisher, chromite is not - definite mineral and
cannot be reparded as a member of a definite isomorohous sazries,

althoush the threc, four five or six spinellids which make up chro-

mite are interrclated,

8.2-4, GHROMITE COMPOSITION IN RELATION TO 2ARENT ROCKS

In the crystallization of basaltic macmas the minerals to
crystallize first are rich in magnesium and low in iron, Chromite is
generally reparded as an early crystallization product., With the
continued erystallization the magma becomes richer in iron and poorer

in chromium and magnesium,
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Thayer (1946) has discussed in detail the various factors that
might influence the chemical composition of chromites, According to
him the composition of chromite formed in a peridotite magma may be
expected to . reflect éhe overall composition of the magma,and the
ratio MgO to FeO should be related to the composition of olivine and
orthnpyroxene. High ﬁégnesia chromite should result in a forsterite
dunite, Thayer further points out that FeO/Fe2O3 ratio in chromite ig a
function of the state of the iron in magma. Since only small amounts
of Fe203 are readily takern irto olivine and enstatite Structure and
the total chromite in the magma iS5 in minor amounts,slight variations
in Fe203content of the magma will be greatly magnified in FeO/Fe203
ratio in chromite, It is apparent from this Suggestion that chromiteg
rich: inp F0203 content were formed under oxidizing conditions, Thayer
has also pointed out that the chromites rich In Cr203 occur in
feldspar free peridotite low in alumina, Acecording to Jackson(op.cit)
variations in chromite compositions are due to differences in
magmatic conditions during the crystallization of chromite, The
lateral variation in chemical composition of the Stillwater comd lex
reflects g persistent oxygen partial pressurn gradient across the
intrusion, The iron end membersg of the spinel solid solution series

have the lowest melting points and should increase in chromite with

time as heat is extracted from the crystallizing system,

Thayer (1960) has made some distinctions in chemical features

of the alpine type and stratiform tyre chromite deposits (cf,Table2s),
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The salient features of the ulpine type chromite deposits are
FeN:Mg) about 1:2, Cr:Fe asbout 2:1 to 4:1 Cr203ranges about 15~657.
In the stratiform type chromites FeO:MgOcre about 1:1;Cr:Fe about
1.5:1;Cr2033verage ranges 38-507%. Although Jackson has shown that
the composition of chromite may differ substantially in stratiform
layers only a few centimetres apart stratigraphically similar varia-

tions within layered podiform deposits have not been reported,

8.3, CHEMICAL ANALY3IS OF THE PAUNI CHROMITE

Thirteen chromite samples of Pauni area representing different
ore bodies and different types of ores{Table 29 dwere chemically
analysed. Further, their important trace-elements were determined by
spectrogranh methods. The locations of these samales have been shown

in Map 2

With reference to the Table 29 the location and characters of

the analysed chromite samples are given below:

(1) Fine graired disseminated type: limonitised gangue, Gangue more
than 627, Collected from 2it SC3 Quarry 1,(Sp.No.1/55).

(2) Tire grained disseminated type »g§angue over 507,chlorite and ;
Serpentine; collected from Pit No.6, SCS Quarry 1,(S5p,No,1/560)

(3) Coarse grained;gangue 357,mostly talc; enllected from an
isolated chromita occurrence near the Upashya nullah about
1% Km,north of the main chromite belt (Sp.No.l/SGl);

(4) Fine grained chertified ore;chromite 60%. Collected fro- Pit No.3

5CS Quarry 1(Sp.No,1/58).
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(5) Very coarse grained; chromite over 957 ,with serpentine chlorite.
gangue, Collected from Pit HNo,1 5C8 Quarry No,2 (3p.1/2).

(6) Coarse grained; chromite over 807. Talc forms the predominant
gangue. Collected from Pit No,6 3C3 quarry Noll (Sv.No.1/498).

(7) Coarse grained; chromite over £5%. Talc forms the predominant

gargue mineral, Collected from »it No, 3 GCS Quarry(S:.No,1/585).

(&) Coarse grained; chromite over 85%. Taic representg bulk of the

gangue. Collected from 2it.No,&4 GC3 Quarry Sp.No, 1/613,

(9) Corase grained; chromite over 707. Chlorite is the predominant
corstituent of the gangue. Coliected from »it No,5. SCS Quarry
2. (Bp.Ne.l/386),

(10)Coarse grained,chromite over 857, Chlorite is the predominant
gangue. Collected from Pit No,2 3C5 “uarry 3(Sp.No.1/605),

(11)Crarse grained; chromite over 807. Talc forms the predominant
constituent.Collected fror about 300 metres north of SC3 Quarry
(32,No,1/86),

(12) Conarse grained silicified ore, chromite ovar 65%.7o lect~d yrom
2it No,1 SC5 Quarry 1(Sp.No,1/442),

(13} Coarse grained; chromite ovar 75%. Tremolite is the major gangue

mineral, Collected from pit No,3 GCS Juarry (Sp.No,1/561),

8.3-1, SBPAPATYON OF THE CHROMITE FROM GANGUE MINER4LS

About a kg. each of the sample was crushed in 2 steel mortar,and

was passed through 120 mesh sieve., The crushed particles were

i et o _ 1 i ; ’
ubjected to repecated vanning in water to remove the lighter gangue,



The powder was heated for sometime in water containing dilute hydro-
chloric acid, The powder was dried and subsequently treated with bromo-
form, Inspite of the above treatrent, a considerable amount of gangue
containing minute fragments of chromite was stil) present. The concen-
trate was repeatedly run through = frantz isodynamic separator, The
samples were examined under a binocular microscope to find their
purity, It was found that tha samples were over 987 aure, Further
purification was iifficult as specks of gangue remained in the fract-
ures of many chromite grains. It was verified with a powerful magnet
that the samples do not contain any magnetite, This final concentrate
was coned and quartered. The sample was further ground in an agate
mortar for final analysis,

8.3-2. SCHEME OF ANALYSIS

The scheme of analysis follow-d by the present workor ig. a
combiration of the methods of Dinnin(1959),“ilqrami and Ingamels

(1960) ,Shapiro and Brannock (1956) and Goswami(1957) with certain

modifications. The scheme 1is as follows: 0.4 gm. chromite sample

(=307 mesh) moistenad with 3 drons of HNO? and  digested in 25 ml
of 607 perchlorie acid, Filter and wasgh with 27 serchloric acid and
reserve the filtrate, Burn the filter »aner with residue apd weigh,
Hydroflourize the silica and the silich percent determined from loss
in weight, "uge rest of the residue with Fq2Cg and the cake dissolved

in Hel and added to the filtrate reserved and the volumae made to

one litre, The rest of the nrocedure 1g given in Table 28,
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SCIRME OF CHROMITE ANALYSIS

Filtrate (one litre)

;,r203

500 mlfor determination of Cr20 .Titrate with
KZCrZO by Fe Ammon.sulphate meghod using diphe-

nylamine sulphate as indicator.

l

Ca0 and MgO

200 ml filtrate.S0, passed to

reduce and then R,% precipitated
: 5 23

and filtered ocut.

Filtrate made to volume 500 ml,

Mgh (200 ml.)
Ca0 precipitated with Na an usingNH4c1
NH,OH buffer;solution decanted. Volume
maée to 250 ml, 50 ml.of this solution is
titrated against versene using erichrome
black T as indicator.

—

Combinad Ca0 +Mg0

Determined by titrating this sclution
against erichrome black T as indicator

Ca is determined indirectly from

obtained for total Mg0+Cad and for MgO alone

iy
e

%ggggfggggg%?goiour comp lex

is developed using ortho-
phenanthroline,citrate

buffer and hydroxylamine hydro-
chloride.Mcasure the density

at .510; ¥

4

o
T

(Total)

,‘

results

]
MnO

25 ml solution formed with a mixture of
HNO.+ H, 50, to remove chlorides bafore
the cplour complex is developed. The
density of the colour is measured at 550 4

i

2

100 ml of the solution precinitated 5
washad and dissolved Cr 03) precipitated with

with NaThi. Ppt
in dil H_.S0,.Yellow colour of 1i

ion is developed using H,O,. H PO, is washed,ignited

added to climinate the coSlaur of

ferric iron, Density of the colaurs with Na,0

measured at 430 y

|

0
23
100 ml,.R_0O_(including some

R

ammonia.Precipitate filtered,
and weighed.
Ignited precipitate is fused
and Cr 037 is deter-
mined Volumetricafly. Zercenta-
ge total of iron as Fe _0,,Fe0
and TiO (found)subtrvcgeg from

R,0, to'give 512031.
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0.25 gm.chromite sample digested in acid mixture(H3P04:H2804=&:1)
containing known amount of Cerric sulbhate at 240°C for 3 to 3% hrs.
The Cerric sulphate consumed by the ferrous iron of the sample is
determined against ferrous ammorium sulphate using diphenylamine
sulphonate as indicator. 7e constituent of the samsle is calculated

from the amount of Cerric sulphate found consumed,

Analytical data

The analytical data(major eclements)of the 13 chromite samples
of the area are given in Table 29, The trace element data of the
samyles is giver in Table 30Table 31 contains data of the comylete
analyses of two samnles and nartial analysis of one sample of Pauni
chrome ores. For surposes of comparison complete analyses and chemical

formulse of chromites of different occurrences of India are given in

Table 36,
TABLE-31
ANALYSIS OF CUROME ORES

Constituents 1 2 3
C 20? 40,67 41,71 48,31
A1203 21,63 17.99 &.21
F9203 13,60 13.80 12,17
Fal 12,20 L2 .47 8.43
Mp0 15.09 18257 S
Cal Q,40 0: 56 --
Sin 9.05 9.63 9.16
| P T 1,18 1.53
Total 101,62 101,73

Samples 1 & 2 - Prosnecting Resort of M/3 5.C.5hukla's chromita Mine
at Pauni (unpublished 1361) No.3. Paithankar,1960,



A NALXT T @ v B A A 0 CHROMITE FROM PAUDNTI AREA
Sample No. 1 2 3 4 5 6 T 8 9 10 11 12 13
Cr203 5G6.74 49,34 51,12 44,66 48.72 44, 54 42 .06 48,78  48.40 50,17 50.2 49,47 51.82
A120q 2308  18:13 14,74 22.35 17.06 15.86 23,42 19.58 13:56 LI 62 L5975 14.01 15.07
Fez'\')q S.74% 14,65 - - 2.54 11.44 6.91 6.69 10,41 14,91 12,11 10.19 7.06
Feo s B 59D 22.63 2133 19,20 21.14 15.10 7439 14,30 5.44 6.45 18.81 15.16
Vg0 9.87 .2 P £ 1G6.70 10.68 8.%60 L3k 1120 10,24 8.60 11.00 10.92 5.04 8.63
1 n0 0.36 .52 0.48 0.52 0.46 0.74 0.40 0.51 0,60 0.56 0.32 0.92 0.56
TiO2 122 .21 1.04 1.42 0.89 0.99 0.91 0.85 0.90 0,74 1.05 0.44 0.91
Cal ¢.08 0.03 - - - - - 0.61 - - 0.62 G.01 0.50
3102 2,40 2.30 0.70 0.75 2.57 3.64 0,55 2.87 3.25 LTS @.63 2,10 162
Total 101.00 100,65 1C1.41 1C1.69 56,04 100.66 100.55 100,52 99.42 98,19 98.29 100,89 100.33
Cr 3440 39,75 34,97 30.59 39.32 B0LAT 28,77 33537 33,10 34,32 35.70: 33.84 35.44
Fe 5.84 14.86 1738 16.56 16.69 24,42 16.56 2,51 18.3% 14.65 13.47 21.74 16,71
*Cr/Fe 3,538 2.271 1.989 1.847 1.996 1,247 1,737 2.667 1.799 2.342 2.650 1.556 2.120
RS/R203 0.5722 04975 1,230 1.108 0.9813 ©.6448 00,9064 0.6100 0.6912 00,5826 0.6777 0.7706 Q.8196
Sp.Gr. 4.352 ''5.053 4,579 4,649 4,953 4,279 - 4,159 - - 4,605 - 4,641
Impurity Oxdized Chlo- Talce Silica Serpen Talc Tale Tale Chloritce Chlori Silica Silica Tremolite

gangue rite tine e
chlorite

* TIron atoms were not adjusted between RO and EZOB group so as to

give an ideal RO/RZO

ati x -
3 ratio o

Analysts:

N.G.K.Nair & 4.2.Mall



I RACE ELEMENTS 0F CHEOM I TE FROM P AHEKEIL
Wave length Concentration 1in ppm.
Element used - A° 8 ample No
1 = 3 4 ] 6 8 S 10 L1 12 13
Ni 2414.765 225 2100 265 390 210 1400 1130 2100 430 600 800 265
Co 3453,505 Bl 335 145 127 450 1750 1750 1750 390 450 670 145
\% 3185.396 88 18C 32 54 53 1525 720 1000 396 112 182 60
Cu 3247.540 <10 il <10 «10 <10 190 30 10 10 .<.10 70 =« 10
Pb 3683.471 =10 20.5 12.5 16,5 300 375 2050 375 55 20.5 20,5 375

Elements like W, Mo, Zn, Ag Ba, Ba, St

are either absent or are present

below their sensitivity level

Analysists: A.PMall & N.G.K.Nair
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8.4, COMPOSITION OF THE PAUNI CHROMITES

The composition of all the thirteen analysed chromite samsles
can be exiressed in terms of molecular ratio{mols or mol fractions)
of R" 0 and RS' 03 constituents after the hethod of Thayer(1946)
As all the samples were found to contain some 8102 due to the uresence
of gangue impurities like serpentine,tremolite, tale etc.,SiO2 was
deducted with an eaquivalent a=ount of Mgl in the case of tale and
sersentine and an equivalent rercentage of Ca? where tremolite is
presant,

The oxide percentages divided by their respective molecular

weights give the molecular ratio. The wmoles of Cr203,A12 O3,F§.§

and Tiﬂﬁ'were recalculated to 100, Similarly the mols of -0 ,Fel ,Mn0
and Ca0 were recalculated to 100, The formulac of the 13 chromite
samsles derived from the mols and mol percentages of their consti-
tuents are given in Table 32, The norm percentages in terms of

chromite spinel and magnetite,and Mgd/F20 ratio of the analyses have

been given in Table 33,

8.5, CHEMICAL CHARACTERISTICS OF THE CHROMITES

"rom the data given in Table 29 s 1t is anvarent that the
chrorites of this ares show considerable variation in regard to
their FeO,Fe203 constituents, However,the average formulae of the
"auni chromites can be €xXrressed as (Or Al F )

Analyscs 1 and 2 renresenting flno grained chromites with the

formulae (Cr,6ﬁ 38Fe ) (F e, g63ln T1 ) mad (Cr_ A1 .Pa..)



Fig.Nn.72

Fig.No.73

Fig.No.74

Fig.No.75

PLATE No,AVIII

Triangular diagram showing composition of the chromites of the
area - Analyses plotted on the projection normal to the top of
the spinel prism (Cf. Stevens, 1944).

Graphical representation of ratio of RO - RZGB radicals of the

13 analysed chromites of the area.

M0 - FeO ratio of the chromites (analysed) of the area.

;5.1203 -Fe203ratio ofvthe chromites.
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MrBTiS) show close resemblance, Analysis Nw.3(Cr7OA13O)

(?L5B”g43MnLT12) and No,4 (Cr

Fa M
(Fe,gteg s

) (Fe Mn Ti_ ) are similar in

57143 52 843

that they are devoid of F:203.Substitution of chromium by alumina
is eivdent in analysis Ho,4., In most of the other analyses substi-
tutidn of chromium by alumina and ferric iron,and magnesia by ferrous

iren is apparent, Samples No,6 and 12 show a low Dercentage of

magnesium with a corressonding increase in the total iron content,

Triangular diagram shown in fig.72is projection normal to the
ton of the sninel prism of composition showing variationsd in the
mol percentages in the FZOB constituents of the chromites analysed,
The nature of the six segments of this triangular diagram has been
discussed earlier, The data of the analysed chromite was olotted in

theu diagram and they fall within the segment of aluminium chromites,

The relation between 3203and RO radlicals of the chromites have

been nlotted in fig,73 which showg that the ratio of RO to R203

widely,It exceeds 1,10 in aralyses 3 and 4. In the rest of the analyseas

varies

it falls short of one ranging from 0,49 to 0,98,

The relations between MgO and Fol radicals have been nlotted
in flg, 94 .1t shows a Iinear variation within the wide range of 8
£~ 72 mol Dercent However,six of these analyses(3,4,5,7,9 & 13) fall
within the narrow range of 40 to 50 mol percent. The ratio Me0Q/Fe0

as shown in Table 33 shows variation between 0,80 to 3,06,

Similarly the relat’ong between Fe20, and Al,0_ radicals have
3 5 3 f

peer wlotted in fig,75,Two main groups of chromites showine 1inear



variations are decinhered, Analvses 5,10,11,12 & 13 form one group
and 1 2,4 6 & 8 form another group,
§,5-1, END MEMBERS

The end member system devised by Stevens(1944) to express the
cherical composition of chromites is sainel (MgO.AlZOB),mngnesia-

chromite (MgO,Crzﬂg),ferro chromite(Fe0.Crp03) and magnetite (FeO,

?eZOB),and is determined as follows:
8.5-2, DETERMINATION OF JONIC CONTENT OF CHROMITE UNIT CELLS,

The unit celle of syinel structure are assumed to contair 8

R p R"'_0,). The nunber of ions ' of ecach constituent present in
e e

the un’t cell has been calculated from T?ble%5, taking the above as
2

unit cell for chromite, In all the analyses excent 4,R0: R203 ratio

show marked deviation from normal, As mentioned in the introdu ctory

part of this cha;ter, no attemdt was made to adjust the Fe atoms
between Fed and FczOBSo 48 to give the ratio of RO to R203 equal to
one, The molecular ratios were then recalculated to atoms per unit
cell,assumirg 8 bivalent and 16 trivalent atems in.each unit cell,
The number of trivalent and bivalent metallic ions per unit cell of

thechromites is given in Table3 5,

8,5-3. DETERYINATION OF END MEMBERS

The end member formulac per unit cell are ohtained by the
following equations (Stevens , 1944),

Spinel = Al/2 Magnesio chromite = Mg -AL

S

Ferrochromite = (Cr + Al ) Mg

Vagnetite = 8-(5pinel + Magnasin:chromite+Ferrochromite)
¥ 5 . .
Yhere each element is given 1n atoms per unit cell,

8



NORM OF THE

- 33

CHROMITES

Sample 1 2 3 4 5 6 7 & 9 10 11 12 13
Chromite 55.98 55.74 69,93 57.26 63.62 55.24 50, 33 55.92 62.70 59,24 60,96 61,76 52,97
Sninel 37.98 28,50 20,06 42 .74 B2 31.24 41.78 33.49 24,45 23,98 25.58 26,11 iy ST
Magnetite 6.03 15.74 - - b [ 13.41 Lt 10,58 12,83 16.76 13,858 IRCE2 8.29
ligG/Fel 20055 BuZat G.815 0.832 0.78 0.083 1.289 do B2k C.664 3.06 2,931 0,477 C.236
A BLE = 34

_EP MEMBER PERCENTAGES (FORLULA) OF THE CHROMITE
Sample L 2 3 4 5 6 7 R 9 1C Y T2 13
Spinel 37.97 28.50 30.06 42.73 A3 2L 28 . 270 41.77 33.49 24,45 23.98 25.58 26,10 27.73
Magnesio- 25.00 34.97 13.35 C.68 §.15 - 12.63 28.90 T8 21 47 J40 43,36 4,73 17.49
chromite
Ferro- 3097 20,77 56.58 56:. 57 54,48 TL.79 35.58 25 49 4G L1185 17.60 47.0G4 46,47
chromite
Magnetite 6.05 15,75 - - .16 - 9,02 10,20 12 .85 16.77 [.46 1213 8,31
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ATOMS/UNIT CELL IN THE CHROMITES

Unit cell content taken as 8 (RO R203) Total R™ = 16 & Total R" = §

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13
Gr™ 8.956 B.219 11.189 9.162 1G.180 8.855 7.871 9.011 £6.032 9.479 B8.753 9.882 10.235
AL 6.076 4,561 4.811 6.838 5.314 4,998 6.685 5358 3213 3837 4,093 4.177 4,836
Ee'" 0.968 2.520 - - 6.506 2.147 1.444 1.631 2.055 2.684 2154 1.941 1.329
Fea' 2.451 2,286 4,260 4,173 4,326 06.89%6 575 2353 4,538 1.886 1.882 5.165 3.864
Mg 5,038 5,678 3.473 3.474 3.389 0.569 & 353 4.991 3.013 S.710 5.515 2.466 Bubd7
Mn' 0.120 G,202 0,093 G.103 0.105 0.244 0.090 0.165 0.191 0.195 0.093 0.256 0.146
i 4 C.358 0.420 0,156 0.250 0.180 0,291 0.183 GC.242 0.258 0.229 0.277 0.109 0.209
Ca" 0.033 6.014 - - - - 0.249 - - 0.233 0,004 0.165




-:21(:-

Formulae percentages are obtained by multiplying the formulae per
unit cell by 100 by dividing by 8, Table34 contains the formuléé
percentages of end members of the chromites of Pauni area, Samoles
1,8,10 & 11 show fairly high amount.of magrnesia chromite, Sample
No.6 shows absence of magnesio chromite, Samsle 304:5,6,7,9,12 & 18
centain a high amount of ferrochromite, In samples 3,4,5,6,9,12 & 13
iror is more than the overall total magnesium including the metal
in the sopinel, Samples 2,7,8,9,10,11,12 & 13 show appreciable amount

of magnetice |

8.4=4, TRACE ELEMENTS

Important trace @laments Mi,Co,V, €u and 2m of all the Samplcs
excent No.7 were determined by spectrogranh methods.Other elements
like W,Mo,Zn, g, ,Be,Ba and 3r Are either absent or are dresent below
the Ssensitivity level, Table30containg the aralytical data of the
trace elements of 12 samyles, The trace-:lement cortent shows wide
variation in the 2auni chromites, Ni varies from 210 spm to 2100 ppm,
Co from 127 pPm, to 1750 -pr, and Vv from 32 Pm. to 1525 spm,Cu

10 ﬁvm. to 190 pom, and Pb 10 to 2050 ppm, None of the trace ale-
ments mentidned ahove shows any definite and osersistent relation with
any of the major elements, However, the amount of V,Ni and Co 1ig
fairly high in sambles having 1 higher Percentage of total irom and
correspondingly low content of chromium, This is cvident from the

trace element data of samples 6,8 and g,
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8.6, CONCLUSIONS

Based on the foregoing discussions,the followins conclusions
have baen drawn: (1) The chrorites of Pauni area present a wide
variation ir their chemical composition particularly with regard to
Fe203, Fel and A1203. These variatinns may be attributed partly to the
varying oxidizing con!itions nrevalent during the crystallization of
chrorite and oartly due to the ¢ff et of interse hydrothermal activie
ties, Cr203and Hg0 show n fairly uniform percentage with an average
of 50 and 10 respectively. (2) Following “isher(1929..) on tha basis
of RO,RzDqutiﬁ the Pauni chromite has been classified as follows:

(i) Low ratio samoles No,2. (1i) Sub-normal chromites,sample are
1,6,8,9,10,11,12 & 13 (441) Normal chromites sample No.4,5,& 7.

(iv) Abrnormal chromite sample No,3, (3) The average chemical
comnposition of the ZPauni chromites can be expressed by the formula
(Cr59A131FelO) (Feqéﬁg49Mn2Tié). (4) In the triangular diagram(fig,72)
the chromites of Pauni area arc restricted to a narrow field of
aluminium chromites,like the other indian chromites, (5) Many of the
analysed samples have k a fairly high ferric oxide content which
suggests that they have formed 1in an oxidizing environucent, (6) In the

RzOq radicals the mol percentage of chromium oxide varies from

i

Cr Eo Cr alumina from Al to A and feorri ide f Fe
50 69° a om '2&to “142’3na ferric oxide from ‘e, to

Fejge In the RO radicals,the mol percentages of Fe0 varies from
Fe,.to Fe, . and magnesi, om Mg M ) The Tatic bBatwes
23 64 agnesia From dg7to ﬂg71. (7) The ratio bhetween

Cr:%e varies from 1:25:1 to 3.5:1 and RO to

s

201frow Ul ol 1ogvT

vy ¥t .
(8) In the and member composition spinel shows variation from



-:219: -

247, to 427, In 9 of the 13 samples analysed,the ferrochromite is morc
than the magnesio chromite. Normative magnotite is present in appre-
cirble amount. However, it is absent in sammles 3,4 and 6. (9) Due to
complege alterations of the parent ultrabasic rocks it was not
possible to correlate their composition with that of the chromite,
(10) The important trace elements present in these chromites are

V,Co and Ni. They show considerable variation in amount. There does
not seem to be any regular correlation between these and the major
elements,However, some of the iron rich chromite samdles contain

fairly high cortent of V,Co and Ni.
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GENE5IS OF THE CHROMITE DEP?0SITS

9.1. A REVIEW

Concentration of chromite crystals during the crystallization
of a magma of ultrabasic composition givesrise to chromite deposits.
The gquantity of these concentrations will depend upon the amount of

e
chromium content in the magma., When chromium concentration is very

insufficient in the magma, chromite forms only as an accessory

mineral.

There are different views reparding the period of crystallization
of chromite with respect to the associated pyrogenic silicate minerals
like olivine, ortho-and clino-pyroxenes,and calcium plagioclase.Three
distinct periods of crystallization of chromite have been recognized

by Tikher(1929) and Sampson(1931):

(1) Chromite of the early magmatic period ~ chromite formed earlier
than olivine or contemporaneously with it, An overlap in the period
of crystallization of the two minerals may be noticed,

(2) Chromite of the late magmatic period - later than most of the

silicates and crystallizing with the last truly magmatic silicate,
commonly either bronzite or plagioclase, This chromite could be

observed in the cleavages or fractures of the earlier minerals,

(3) Chromite of the hydrothermal »eriod - definitely later than the
pyrogenic silicates and is associated with the hydrothermatl
minerals, This is mostly preceding or contemporaneous with

intense serpentinization,
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The most important point to establish is the quantitative asnect
of the chromite crystallisation during the above three neriods. “hile
chromite might occur in minor amounts in any of the threce periods,big
concentration forming economic deposits is mainly confined to a
marticular period. According to Ross(1931) the following theori es of
tormation of chromite must be taken into account while considering
their genesis: (a) Crystal settling in a magma chamber and subsequ-
ent intrusion as a mush of crystals,(b) Crystal settling after
intrusion, (c) Intrusion as a sinnle ﬁagma and segraegation in situ
of the carly products of crystallization, (d) Intrusion aé melts of
olivine and chromite that segregated in a oarent magma chamber,

(e) Introduction of chromite by hydrothetmal solutions,

Several workers have considercd chromite as an earlier conéti-
tuent to crystallize(Vogt,1921,1926: Hall,1932-Johnston 1946,
Thayer,1963) while others (Sampson,1929,1931 and 1932 Diller 1920,
Ross 1929, 1931,Bateman 1951) have nut forward evidences in favour
of its late crystallization and of its formation even in the hydro-
thermal stage. Betekhtin(1937,1940) and Orafeneur(1948) have
advocated that chromite deposits may be of 'histeromacmatic! origin
referring to both late magmatic and hydrothermal stages formed by
injections of ore rich residual telts into cooled dunite peridotite
masses. Among the Indian workers, Deb and Chakrobarty (1961)
consider many of the Indian cHromites to have formed due to inje-
ction of residual solutions rich in chromium,Vhile Verma(1964)

advocates a hydrothermal nririn for the chromite depnosits
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of Nauséhi,Orissa, 5ingh(1959) and Mukher jee(1962) consider chromite

denosits 1in general as segregations during the magmatic period.

A brief account of the nature and genesis of the important Indian

chromite deposits hada been given in Table 37.

The divergence of opinion on the genesis of chromite is mainly
pertaining to the alpine type of denosits, Regarding the stratiform
tyve of deposits, the problem of injection of a residual magma or a
chromite rich hydrothermal solution does not arise, 28 the chromite
layers have formed in them due to the in situ differentiation of the
magma, In the alpine type ultrabasics the irregular lenticular tyne of
orebodies and their general discordant relationship with the parent
rocks and their association with the shear zores and zones of serpen-
tinization have posed many questions on their genesis. The disposition,
external form, internal structure and the association of the alpire
type of chromite ( podiform tyse of Thayer 1963) are governed by two
sets of indeperdent factors: (1) movement dufing the mapmatic stage

and (2) post-magmatic deformations and hydrothermal alterations,

Without going into details of the above factors,many workers have
been easily led to conclude that such deposits have formed due to
injection of chromite rich solutions during the late magmatic perind
or during the hydrothermal stage. In the 'histeromagmatic' theory
(late marmatic or hydrothermal) chromite is supposed to have injected
45 a residual liquid or as hydrothermal soluticns alons pre-existing

weak planas, The successive stages nssumed are as follows:
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(1) Crystallization of the silicate minerals and gravitative sepa-
ration of a chromite rich residual liquid,

(2) Consolidation of dunites and seridotites and subsequent deve-

lopment of shear planes.

(3) Injection of residual liquid along shear planes(late magmatic)
followed by serpentinization of dunites and peridotites,

(4) Injection of chrome bearing hydrothermal solutions along the
shear planes (hydrothermal) with concomitant serpentinization

of the dunites and peridotites,

9.1-1, CHROMITE- A PRIMARY DIFFERENTIATE

The evidences of many stratiform complexes agree completely with
the crystal chemistry theory that Cr and Mg crystallize topether early
in any melt., In these comnlexes the layered rocks including the chro-
mitites,werc formed in situ by fractional crystallization of a £luid
magma and settling of the ecrystals to the floor, The chromite crysta=-
1lized simultaneously with olivine or bronzite and where the magms was
eéntrapped between the settled grains,clino~pyroxenes and felsoars wera
the last minerals to crystallize, Evidences of magratic liquid appro-
aching the composition of chromite ara Eotally lacking in these comple-
xes (Cameron and Emerson, 1959 ;Jackson 1961;Worst 1958). Cameron and
Emerson(1959) cite many laboratory evidences to sug.est that chro-
mite settling occurred during the magmatic stapge of develoﬁment.
Thayer(1963) raiscs the significant question, why should chromite be

injected into dunites and peridotites and never into pabbros, a

differcentiate of many alpine type of ultrabasics, In electromutalluroy,
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1t has been found that melts containing more than 25 or 307 Cr203 are
too viscous to handle.it is difficult to conceive how a melt contain-

ing 50-607 Cr203 attains mobility for injection,

The temperature of dry fusion of both olivine and chromite is e
excessively high, Chromite melts at 2000°C or over (Ross,1931), ol ¥
Experiments conducted at the Burecau of Standards give temperature of
fusion of chromite as 2180°C, Melts of such exces=ively high tempera-
ture cannot fail to show marked contact metamornhic effccts on the
enclosing rocks during their injection. Further under such high
temperature the rock forming minerals would melt. Such high temperature
contact metamorphic effects are entirely lacking near chromite deposits.

= LR
In chromite bodics chilled *orders characteristic of hot intrusive
solutions arc absent. Considering the formation of a chromium rich
hydrothermal solution,it is difficult to assume the presence of water

in a chrome melt in amounts sufficient to reduce the temperature of

fusion from about 2000°C to well belaw 870°C,

The association of shear zones along the contacts 6f ultrabasics
and chromite bodies,has led many workers to believe that these zones
controlled the localisation of ore bodies during the injection of

their melts, Evidences are in favour to suggest that the shear planes
along the contacts of chromite and ultrabasics followed tha formation
of chromite, The contact zones of the massive orebodies with the
encloging dunites and peridotites are zones of largest mechanical
anisotropy, These are exXtremely favourable sites for shearing and

fracturing to take Place as a result of tectonic stresses, The high
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degree of fracturing and brecciation of the chromite grains near such
zones,supports the idea that shearing has developed after the
formation of chromite deposits,

The high degree of serpentinizatinn, largely confined to the
aroxi~ity of many chromite bodies,has been put as an arpument in favour
of a hydrothermal origin for the deposits., The present worker belicves
that this coincidence is only a = consequence of nreforred serpentini-
zation, Serpentinization as a hydrothermal process was controlled by
zones of weakness, It was natural@y that the fracture and the shear
7lanes formed i and around the chromite bodies,acted as channelways
for the hydrothermal solutinns, as consequence of which serpentinization
largely affected the chromite bodies and the enclosing rocks, Further,
during shearing the chromite bolics were subjected to more brecci-
ation in contrast to the surrourding wall rocks,and the numerous

fractures thus formed in the former aggravated their serpentinization,

In many chromite districts ore bodies have been found associated
with both serpentinized and unserpentinized zoncs,which amnly support
the fact that serpentinization was unrelated to the formation of chro-
mite, Singh(1959) has cited such an evidence in support of a mag -

matic origin for the chromite deposits of Jojohatu Singhbhum),

Based on the above discussions and from the evidences collected

from the Pauni area, the present worker finds it difficult to accept

that chromite could form a8 a result of the injection of a residual

liguid or by hyrothermal solution, It can be finally concluded that

chromite deposits form right within the magmitic stage as a product
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of gegregation,

9.2. GENESIS OF THE PAUNI CHROMITES

Due to the complete alteration of pPrimary silicates of the chro-
mites and other narent ultrabasic rocks and consequent obliteration

of the primary textures,it has not been quite possible to establish

the direct paragenetic relationship of the chromite with the pyrogenic

silicates,

Based on the following field features ,mode of Qccurrence,petro-
mineralogic,parapcnetie and chemical studies of the various chromite
ores of Pauni, the present worker is of the view that the orcbodies
represent the nrimary differentiate and they crystallized within the

magmatic period,

9.2-1, FIELD CHARACTERS

(1) The ore bodies are strictly confined within th- numerous linear
detached ultrabasic exposures,

(2) Bigger deposits forming long lenticylar bodies are generally
parallel to the strike of the enclosing ultrabasics.(fig.67,68).
Minor discordant relation of many small ore bodies with the

trend of the ultrabasics coyld be attributed to the flowage of the

femi-solid magma during their emplacement, The occurrence of gmall
stringers oods and pockets Tedresents either minor form of maegmatic

Segrepations, or thess are broken off Parts during the magmatic

flowage (£12,57,64).

(3) In the banded ore bodiag thin layers of chromite alternate with

barren silicate layers or disseminated chromite layers in a rhythmic
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order (fg.l15)indicating a orimary origin of these ores due to gravi-
tational differentiation under magmatic conditions, The »eriodic
changes of physicochemical conditions added by the differing power of
crystal nucleation from a supersaturated magma give rise to rhytbpic
banding in the ores(ager 1939). The disapnearance of these bands or
their merger with massive orcs at certain intervals is possibly due

to the flowage of magma.

(4) Schlieren or gneissic banding as observed in certain ores is
the result from crystal settling (Betektip 1937,1940), Further
Sampson(1942) advocates that schlieren banding forms due to crystal
settling of the disseminated ores,especially by the flowage of the

magma during comsolidation (figs.119,120),

(5) The chromite lenses have been subjected to tectonic effects like
folding,faulting,jointing and shearing along with the enclosing ultra-
basic bodies(f:;,59,62)It is quite apparent that the localisgation

of the chromite ir the ultrabasics was not gulded by any pre-exist-
ing weak zores. The chromite bodies were emplaced simultaneously with
the ultrabasics as 'autoliths' in them and a1l the evidences point

to the fact that the ore bodies are pre-tectonic in age.

(6) The gradation of the massive ore to disseminated ore suggests
that the chromite bodies have formed due to magmatic segregation as
observed in the typical magmatic ores in Bushweld complex or other
stratiform tynes, Further .the disseminated ore generally suggests

simultaneous crystallization of the silicates and chromites,



(7) The chromite bodies of the present area do not exhibit any chilled
borders or criss-crossing veinlets - the typical featurcs of injected

melts in already consolidated rocks.

6.2-2, MICROSCO?IC FEATURES

As the relationshio of the primary silicate minerals and the chro-
mite hag been wostly obliteratad due to cataclastic effects and
hydrothermal a;;erations,it is rather difficult to deduce much about
the orimary textures. Neverthcless certain characters observed in

thin sections and polished ores Support a marmatic oripin of the

chromite,

(1) Generally the chromite shows corrosion and resorption effects.
(fig.158).These have been largely caused by the residual liguids dur-

ing the magmatic stage and partly by the later hydrothermal solution.

e

The effect of the latter was less due to its low temperature. Magma-
tic corronsion of chromite indicates that chromite must have concan-

trated in carlier difforentiate. The oredominantly anhedral ard

embayed grains of chromite in most of the ore

0

suggast that magma-
tic fluid was sufficiently active to corrnde the early formed chromi-

te crystals,

o Y : 1 o] e = 1
(2) Mutual moulding of the borders(rmutual boundary textures) between
chromite and pseudomorphs of secondary minerals after olivine and

Pyroxene indicates their simultane-us crystallisation{fig,140)

die S Tt AR e ;
(3) Exsolution intergrowth of chromite and hematite(fip,159)indicates

unmizxing of the solid sdution at 2 high temperature during the
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magmatic stage,

(4) Most of the ores show a hiph depree cataclastic cffects like fract-
uring and brecciation{figs.151-153). These have been partially crused
by-flowaq& of the macma (pull-apart texture) and to a large extent

due to later tectonic deformations, The fracturss are occunied by
secondary silicate minerals like chlorite,serpentine,amphiboles,tale
and chert. Such features have been cited by Tisher (1929) in favour
of magmatic origin of chromite, According t o him "“fracturing of
chromite prains is more pronounced in the hydrothermally altcored
ultrabasic rocks than in the fresh varicties, Incipiznt fractures
serve as solutior channcls and the force of crystallization of later
.minerqls within these channels may split off peripheral portions

of the grains or nass compictely through the chromite,

(5) The veins of hydrothermal minerals,cutting across the chromite
ores, do not contsin chromite, thoupgh they include chrome bearing
chlorites., This indicates that the hydrothermal selution did not

have any hearing on the formation of the chromite. Tha formation of

Lie ]

bydrothermal minerals took place much after the emplacement of the
ultrabasics and the enclosad chromite bodics,
(6) The disseminated chromit - grains are smaller in size and are

generally idiomorphic, (fip,155)while in the massive chromite ores

the grains arec coarse and are anhedral to polygzonal showine mutualboundary

T

terture (figs. 1, 156), It  is cuite possible hat the dissemi-
nated crystals formed a little carlier compared to the massive type,

Many workers have strassed the fact that fine grained auhedral
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chromite generally crystallised earlier than the coarse grained chromite

during the magmatic stage(Fisher 1929,Sampson 1932,Singh 1959),

9.,2-3, GEMNETIC HISTORY OF THE CHROMITE ORES

Based on the above svidences and discussion, the followine para-

genctic history of the chromite ores has been conc luded,

‘{1) The Pauni ultrabasics are the products of crystallization
differentiation of 1 primary seridotite magma under plutonic condi-
tions, The magma differentiated at denth to form different ultrabasic

typec including the chromite ore bodies (chromitites).

(2) In the mapgmatic chamber the chromitites formed as layers or bands
of more or less uniform thickness,

(3) During the initial phases of the first stage (Fl) orogenic
movements the primary diffcrentiates of the ultrabasics were split uo
into smaller fractions in a semi-solid condition which were emnlaced
into the weaker zones of the country rocks at a low temperature

(below 500°C),

(4) Durins their upvard movement the chromite layers were disrupted as

4 result of the flowage of the ‘mush', and lenticular bodies with

pinch and swell Structures were formed. Mifurecation and splitting of the
ore bodies and development of stringers tood place durin; this period
The elongation suffered by the crystal mush duc to flowage developed
orimary fractures in the chromite ores giving rise to pull-apart

texture,
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(5) After their emplacement the ultrabasic differentiates including
the chromite bodies saffered Severe tectonic movements when folding,
faulting,sheqrinq and brecciation took nlace. This was aAccompanied
by intrusion of basic rocks and followed by intrusion of granites apd
pegmatites,
(6) During ang following  these activities,intense hydrothermal pro-
cesses caused @ obliteration of primary textures and structures
and renlacement of Primary pyrogenic min-rals excent the chromite by
secondary minerals like serpentine,talc,chlorite,tremclite and chatl-

Les of secondary rocks were formed, Supergene

5

ol

cedony., Thus new su
alteration and weathering gave rise to surficial lateritic and float

oras,

The time and Space relationshin of the chromite with the ranrue
- # Ao L]

minerals has been Presented in the baragentic Tahla 26

Table 37 contains the eganetic asirects of the imyortant

chromite occurrences of India, 1n a nutshell,



MINING AND ECONOMIC ASPECIS OF THE CHROMITE DEPOSITS

1C,1, INTRODUCTION

The occurrence of chromite in the sresent area was first
ticed in the year 1955, The alluvial cover of the areca concealed
the dennsits for a long time,and it was from the fleat ores the
prasence of chromite was digcoveréd.?uhsequeptly the geological
Survoy of India investigated the POtentialities of thasa denosits
during the year 1956 and 1959, Later,peophysical Survey was carried
out by the same organisation during the ficld scasons 1962 ta 1964,
Regular exploitation of the deposits started in 1958 and since then

the mining activity is in progress,

10,2, MINING METHODS

e

In this area the ¢hromite ore is wan by open cast mining
mathods, Tha irrepular nature of the ore deposits,their structural
defrrmations and the §0ft mature of the Parent rocks and the country
rocks present limitations for underground minin-~ methods even on
2 small segle, Generally pits and trenches are made at certain
intervals,and if any ore body is encouptered the nits arc developed
al-ne the nrobable strike and dins directions. Uarrying is done by
shovels,crossbars and pick axes, Blastin- is not involved as the
rocks are very soft, The ore is easily separated in small blocks
due to closely spacad joints, The removal of the ore ~nd the debris

1s done by manual labour,
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As the water table is fairly shallow(about 12 m.)diesel pumps
are used to remove the water from the quarrices, Mining operations
are closed during rainy seasons. The quarry near the bank of Wain-
ganga river faces additional water Seepage problems. The nits are
generally abandoned after a depth of about 20 m, due tao heavy water
flowage and the higher cost of production, Yhen an orebody pinches
out salong 4tg - strike directi-n excavation is generally stopped,
The present worker has observed that proper benching methods are not
followed in the guarries and the whole mining cperation is carrted
‘ut on a very irregular pattern. This is probably due to the lack
of nroper understanding by the miners regarding the natures and
behavi~ur of the ore bodies ard their parent rocks. Many of the
orominent ore bodies in the main chromite belt have already been
wholly or nartially expléited to a denth of 20 to 25 m, from the
surface. It is quite probable that the ore bodies 5till extend in
denth in most of the quarries and a proper mining method may yield

fruitful results,

10.3. PROSPECTING AND EXPLORATION

Exploration apd exploitation of the stratiform tyse of chromi te
do not pose any sroblem becausc nf their oceurrence as continuous
layers and their consistent relations with the parent rocks 5 but
the alpine type chromitea deposits raise Several hazards for the
geclogists and the miners, Greev(1963) Says 'it 1ig considered that
the exsloration of chromite ore bodies of alpine tyse ultramafics

is a task with a low possibility for Success especially when it
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deals with exploration of ore bodies which do not outcrop™, In the

Pauni area, because of the irrepular nature of

structural deformations like folding

anticipate the

normal mining mathods are difficult to

& Dprober understanding

part of the orebody would he mined

mind that several lenticular ore bodies

s8ize,shape and continuity of

of the ore body has been formed a

the cre bodies and the
and faulting, it is difficult to
the ore bodies, Hence
apply. Gererally by the time
larpe

« It has to be Properly borne in

parrallel or subparallel to

each other form ore bearing zones,similar to the ocecurrence of parent

ultrabasic rocks in the country rocks, Later deformations have caused

further breaking up of thesa bodies into

continuity, reappenrance
directions.Durine mining
strike or dig direction,
work.ﬁayprovo 4 New ore
of disseminated
uide

extending the quarrying,

intervals to follow the continuity of the

lenses.Thus the most important

the present aren i3

would

3efore the more

drilling are resorted

Ofe or strinpers

to re

cortain several ora bodies

exoensive methods like

s2eochemical soil

snaller ones causing dis-

anc revetition along their strike and dip

if an ore body sinches out either in 1ts

excavatons should not Cccase as continued

>ody in these directions, Sometimes trails
may connect adjacent ore bodjes and
for the Refore

development of the quarriss,

trenches with deep »1its should be “ut at

Parent rocks and chromite
noint in minin> and 2resnecting in
coanize the ore bearing zones. Such zongs

at close intervais,

pittiﬂp,trenching and

Surveys may be carried out,

If the soil contains higher chromium content in relation to the chromiun
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background values, presence of ore bodics may be indicated, However,
chromite is one of the most unsuitable clements for geochemical pros-
oecting because of its low solubility. Hydrogsochemical and biogzeo-
chemical prospecting for chromite have been emp loyed with nartial
success in the Radusa district, Yugoslavia (Jankovie,1962),
(1963) has discussed the geochemical prospecting carried out for
chromite in Mindanao,Phillipines and for the Great Dyke of 5,Rhode-
sia, However, these have limitat<ons in an area like Pauni, because,

werthering of chromiferous silicates{chrome-chlorite) releases more

chromium than the decomposition of chromite ores.

Geophysical exploration may be carried out to delineate probable
chrome bearing zores, In the neophysical prospecting of chrome ores
the density contrast of the chromite bodies with the associated rocks
plays an important role. The following geophysical methods have
been adosted successfully in some chromite districts

(1) Gravimetric methods - Gravimetric methods can be succassfully

annlied in locating massive chromite bodies if thero is much varia-

tion in the density of the ore bodies and the surrounding rocdks,

i

arge deposits of chromite have been explored successfully by pravity
methods in the Camaguusy district, Cuba (Hamm¢r,ct.al.1@48;DEvis
et.nl,1957), Ir the Golan Mine, E.Turkey,agrovity survey has led to
large ore bodies (Yuncul, 1756), Gravity surveys have proved to he
very useful in Cuttack district,0rissa (3ose and Ranerijee, 1966),

At Pauni, due to the hydrothermal nlterations, the density of the

parent ultrabasics hag boen reduced compared to that of chromite,



However, this dersity contrast has been mullified by the prescence of
amphibolite bodies in thewe proximity of chromite bndies.

(i1) Magnetic prospecting-Magnetic prospecting will be uscful if the

magnetic susceptibilities of the chromite and the country rocks are
much variable Magnetic surveys at Zimparalik Mines, Turkey, led
directly tothe discovery of buried ore (Ergin,1954), Chisonttn In
normally feebly magnetic. It has been obsorved in some areas that
some of the sernentinized neriodotites are more macnetic than the
associated chromites, due to the presence of released magnetite
1ives negative mag-

content in the former. In such cases chromite

-
4

i

n-tic aromalies. The Kemi area, Finland, provides the example of the

ahove condition (Thayer,1960),

Accord*ngly)hagnetic surveys combined with sravimetric survevs may

serve uscful in chromite prosnecting.,

A o bl T il =ny i . 1 - . .
(111} Electrical 2rospecting methods - Eleetrical prospecting methods

do not genecrally apply to chromites becausc of its chamical inertness

3 1

and similarity in conductivity to associated rocks like dunites and
peridotites, However, in aresslike Pauni where the ultrabasics have

been highly altered, there appears to be much contrast in the condu-

ctivity of chromite and the associated roncks,hence 1t ig quite

7 2 1 =3 b (e R S e

possible that the resistivity method may orove successful |, Resisti-
Vity methods and indyced nolarisation methods have been used in

, i ! ; <

chromite 'Tospecting with success in central and north Sweden

(Carasnis, 1963),
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Bhanu Murthy and Jagannadham(1966) have carried out geophysical

2tic and resisti-

surveys 1n the Pauni area and have shown that mag
vity surveys have fairly helped in delineating the zones of ultra-

mafics from the surroundine rocks,

Drilling - Drilling has proved a very expensive method for the cxplo-
ration of chromite deposits at Pauni due t- the smaller dimensions

of the ore bodies and their irr regular nature., However, shallow bore
holes will be useful in the alluvium ecvared terrals in NE and SY of

the main zone, to ascertqin the strikewise extension of the ultra-

bagsics, Inc'ined hore holes may help to discover ore bearing zZones,

Jrilling operations were corducted in tha Zauni area during
1960~1962 by the Orissa Cements Ltd. on behnlf of M/5 3.0, 8higkla;,
In all 49 inclived holes were drilled. The avarage denth of these

bore holes was 17w, and maximum depth re-ched was 30 m, (Eig. 77,

Pitting ind trenching., In the zmes delinented by the above Surveys

b
cross trenches and pits are made to confirm the presence of ore
bodies and to assess the extengion of the ore bearing zone, Iitting

and trenching have been = common procedure for prospeeting of chro-

mite in the preliminary stages before Starting z cuarry in this area,

10.4. MINES AND PROSPECTS

In Pauni the ore-bearing arca consists g i leased out claims
owned by M/3 S.C.8hukla, Mine Owners and lodern 2lasties Ltd

1 PR, -~ . )
Nagpur (M Jwho havae been )ruluci“ chromite by open cast

mining methods. The Modorn Plastic Ltd. have keen working - s
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intermittently whereas M/5 $4CeShukla h
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4 brief description of the orc bodies in som: of the nits »f the
. £4 - 1 1 : 4
quarries (£17.76) 55 observed by the precent worker is given below:

o5.C.SHUKLA'S CLAT!

QUARRY NO.1 - This is located near south

exposed ultrabasic belt, and north of the

quarry is ellintical.in shape and extends

and 40 m, in width, In all

N

ix pits (No.1l

end of 1965, This is the oldest quarry of

1958 and was exploited continuougly

this period about 2000 tons of ore were

Except for

with water and -mek. Certain informatinns
~ines manager and Labourers Teparding the

Pit No.1 - This Pit 15 over 120w

and 20m

. deep, The disposition of the
vestern end ~f the nit ig NW.SE dipping 70°
eastern end it is along NNW_3SE dipping
wWest o east there is an increase

for nearly four years,

pit No,6 and part of pit No,1 other nits

in lenpth g

~wastern border of tha
Pauni-Khapri rcead. The
for about 2000m, in lenzeh
to €) were coened by the

the aren, started durlng
During

pruduced from this quAarry.,
were filled up

have been provided by the
ore bodies in these nits

®

nd about 30m, wide
main ore body in the
due SY and on the
80° towaris weas

7 Fiom

in the average width of the
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orebrdy from 0,3m, to about 1,2m. The orebody 4t places has assumed
a thickness upto 3m. The ore is of massive type with varying amounts
of gangue minerals, Thin lenses of banded ani Stk}iereﬂ banded ores
in the southern side of the pit strike SE-NV and din about 30° towards

southwest,

Zit No.6 - This pit lies west-southwest of pit Mo.l and near to the

=t

fauni-Khapri road. Three parallel chromite lenses are observed 1
the »it at intervals of about 1.5m. striking roughly north-south,
The western body dips steenly tawvards east,while the other two arae
almost vertical, The vertieal lenses are about 0.3m. in width whi ie

the former shows a thicknsss betweer 0.5 to 1,7 m, At one place the

western orebody splits up into two narts and join again along the
strike, enclnsing an ultrahasic pocket (fig, 68 ), Towards rorthtrig
body with a thickness of L.5m, abruptly pirches out upwards in the

vertical section (fig,69).

On the western side of the Pit several thin parailel bands of
chromite varying between 2,5 to 8§ cm. in width and sbaced at about

15 cm, intervals, with sharp borders, occur within the ultr=hasics

(=

These bands have been folded along with the erclsoing ultrabasies
of
(fig, 61), Another ore body/average thickness in the northeastern

side of 0.3 m. trends ENE-WSU dipning 70° towards south, In the

vertical section it »inches out and Teavpears after an interval

of one metre, Most of the larger orchodies ¢optair nmassive ore while

the s~aller ones are of issemirted tyoe,

e
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QUARRY NO,2

It is located to the NB. of Quarry Mo.1l, between the tank and
the Pauni-Korambi road (f41g 78). The quarry is of rectangular shape;
about 150 m, in length and 50 m, in width, It consists of five pits

(Mo,1-5) and the major orebodies were quarried during the years

1963 and 1964,

Pit No.l - Three chromite bodies have been observed in this pit, The
mair body is between 0,7 to 1 m. thick. On the western end the ore-
body ESE-UNY with a din of 65 towards south-west and at the eastern
end it strikes NNW.SSE dipping towards northeast, These apoear to be
the limbs of s plunging anticlinal fold. Two other t in parallel
bodies ocecur in this pig. having a strike hetween N-3 and NNW.SSE
with steep dips. The main body is of massive tyoe gk}lg‘the szaller

ores show banded and disseminnated ores,

Pit No.2 - Two bands of chromite with 15 to 20 cm, of average thick-
ness were exposed in the Pit. The trend of the orebody on the eastorn
side is ENE-WSW with g4 dip of 55" toward south and the ore on the
western side strikes ESE-WN/ dipying 65° towards fouth. The ore ig

of banded nature.

AL Mo X'« ik laterally pinching orzbody with a maximum thickness of
1.5 m, trerding north-south ig exnosed. The dip is variable in

arount from 15 © to 700 towards west,



-:240: -

TIRTT

Pit No.4 - A chromite body of average 0.5 m, thick striking ESE,WN
with 2 dip of 50" towards south is exposed,

2it No.5 - The chromite body has ar averapge width of less than one
metre and strike SE-N{ with a dip of 70° towards south-west. Part of

the ore is chertified along with the surrounding ultrabasics.

QUARRY No, 3

This quarry is located ahout 100 m. _noftheast of Quarry No.2 and
on the eastern side of the Zauni-Korambi road (fig.76). The quarry
is of rectangular shaps nd is about 150m.long. Exploitation of the
ore bodles was active during 1965 and 1966. It corsists of two ma‘or

pits (Ne. 1. & 2).

e |

Zit No.l - Three thin parallel lenticular bands of chromite are
observed in this oit,which vary in thickness from 5 to 15 cm. They
strike between NE SV and ENE-W3SU with a steep dip towards northwest
(fig. 64 ). A fourth lenticular basd varyine in width from 10 to 20 cm,
trends RE-SE anJ dips 45° towards N, The ores contain a fairly high.

amount of pangue and are of disseminated tyve,

2it No,2 - Beveral ore bodies hﬁve been encountered in this pit,which
are probably limbs of a comdlexly folded sinple or two ore bodies,

The average thickness of the ore bodies is between 0,5 to 1m. The dispo-
sition of the three prominent ore bodies(from cast to west) is given

below:

L. Strike of the orcbody varies betweer NNE-SSW and ENE-WSY with an

average dip of 507 t-wards M,
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2, The strike of the second ore body is hetween N-5 and NNE.S5%

dipiing 50° towards west.

3. The ore body trends NNW-S3E with a dip of 60" towards WSW,
The ore in the above bndies is of massiva type containing little

gangue and is of high grade.

MODZRN PLASTICS CLAIM

There is only one quarry with several pits in t-is claim, The

quarry is located adiacent to the l=ft bank of the Waingangs river

he

g
-
t
=
e
o]
T

750" contour lines, Exploitation of the ¢re in this scct.r

«

started in 1960, The quarry is over 500m, long and 40 m, wide, 24t
Fo.3 and 5 were the main working nits during the present  worker's
visits.

Pit No.3 - The main orebody extends for 8ver /3 m, alomp its striks,
Its thickna=sgs ranges from 0,3 to 2nm, The strike of the oreboly in the
northern end of the Pit is nearly north-south dipning 60 towards
west, and in the southern end it ig NE-3W dipoing steeply towards
northwest, About 2 M, Wwest of the main orebody few thinp parallel to
Subsnarallel bandg occur,havine a thickness between 3 to 15 cm, (figgn).
They appear to coalesce in denth to form single orebody, The large
body consigts of massive ore wherens theqxringgrs and thin bandg

form disseminatad ore

L]

D4 E . :

21t No, 5 - The strike of the orebody ranpes between N-S to ENE _ysy
with an Werage dis of 500 towards west and northwest, They vary

£ < : :

trom 4 cm, to Q.7 M. In their thickness, Few lenti cular bandg

¢
AS

R mn
2=10 em) are also observed with their strike zlonz NNW-S3E dipaing
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60° - 70° towards 3W, The ore contains high amount of gangue,

™

10,5 BENEFICIATION OF THE CHROMITE ORES

The Tauni aren contains large amount of low grade chromite ores
in the form of disseminated and banded types. hdvart from this there
are many chertified ore pockets. In the first few ycars of mining
such low grade ore was discarded and no attention wns naid townrds

their beneficiation. However, henaficistion orocesscs were started

5
‘=

in 1964, The low grade ores with Or 0, less than 357 are being uppra-

ded to ores above 48 to 507 by means of crushing and jipring. The

low grade lump ore is disintegrated by means of small power crushers.

With the processes of washing,panning and jigging chromite grains are

senparated and concentrated. The Indian Rureau of Mines conducted

that the ore containing 45,427 Cr203 could be ungraded to 53,57

Cr203 with a recovery of 90,5% Cer yemloying eravity method of

3

cancentration,

fxperiments have becn conductaed by the National Metnlluregical Labe-
ratory on certain low grade chromites having Cr:Fe ratio less than
3:1 to upprade them for the production of ferro-chrome. It has been
found that by preferential reduction of Fel and its subsequent
le :.ching by acid the Cr:Fe ratio of 3:1 coul! be obtasired with almost

1707 recovery (Indian Mirerals year Book 1960).

10,6 RESERVES

DR

i 7 ik g i
As the ore hodies are highly irregular in naturaz,both along their

L s & e ot t . ;
Strike and dip,any estimation of their toral reserves in the ares
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will be far ffom correct. It is ostimated that the reserves of chromite
in the known ore besariny area ars abeut 420,000 tons down to a denth

of 15 m, Res:rves are likely to increasc if the adjoining alluvium
covered arzas are properly cxplored and further increase is expected
if the ore is proved at greater desth in the present ore-bearins helt,
The estimatinn of reserves of nodiform chromite deposits is geperally
A matter of svecculation,because of their unpredictable structural
pattern, Hence the »roduction capacity capmnot e correctly estimated
from the statement of reserves, unless it is based on strongly indi-
cated ores,

10.7, PRODUCTION

TABLE - 38

PRODUCTION OF CHROMITE 1958-1966

Year PAUNI BHANDARA * all INDIA TGTAL

(ZUANTITY VALUE GUANTITY VALUR

Tonnes) (B, 10N0O) (Tonncs) (Bs, '000)
1958 229 9 63,957 3,186
1958 209 16 95,596 5,36
$960- F 228 107 100,112 DG b
1961 1,289 108 48,785 2,899
1962 591 50 66,648 4 25)
1963 ,006 246 65,042 4.195
1964 730 64 33,424 2,045
1965 999 78 59,685 3,723
1966 1,490 122 7,656 5,197

* The production of chromite of Pauni area representsSthe toral
output from Maharashtra State,

The Pauni ar:a has been constantly producing chromite avery

ynqr (cf, table 38) since it started production in 1958, The werage

annual production is 1bout 1000 tonnes, The total cutput in 9 years
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(1958 to 1966} was 9771 tonnes. In 1963 the outvut was very high

i.e. 3,006 tonnes. The productiorn is much subjacted to the demand

of the ore from the consumers. Tiz.79,80,show graphiciliy a cowparative
statistics of chromite production from Pauni with that of the All

india total production. It is well apoarent that Paun?! follows an

indenendent course in the chromite production, as the ore is produced

just toweet the domande of the Orissa Cements Ltd, ,0rissa.

10,8 SZECIFICATIONS ,GRADE AND UTILIZATION

m
i

The princijal uses of chromite are (1) metallurpical

(ii)} refractory and (1ii) chemical, Chrome ores are generally classi-

N

fied on the basis of their suitabiiity for the ahove uses. For meta-

)

llurgical and refraetory pursoses hard lump ore is required,whercas

for chemical purposes soft lump ore or concentrates can he utilized.

(1) Yetallurgical prade - Chrome ore to be used for production of

ferro-chrome should have a CrzOgcontent,not less than 47-487 and

-4

Cr:Fe ratio not less than 3:1,Mz0 and AlﬁOBShoulj not exceed 25%:
~

sulphur should not exceed 0,57 and phosphorous should not exceed 0,57,

In the ferro-alloy production only chromium and iron are
extracted from the ore,while the other crrstituents are discarded .Bigh

amount of iron oxide 1is undesirable for metallureical purposecs,as

Jte

ron is reduced to metal with Cr and lowers the prade of ferro-

chrome, Figh contonts of Si0 increase the processine costs,.

%)

In U.2.A. chrome-ores with an average Cr

203 ¢ontent of

46,97 amd x/

e+

e ratio of 2,8 are beine used irmetallurgical purposes,
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(ii) Refractory grade - Low prade ores with Cr203 content as low as

407 are used in the manufacture of refractory bricks, Silica and iron

{

content should not exceed 5% and 157 resnectively as btoth of these
reduce refractoriness. High alumina is desired and Cr203gnd AIZOB

should preferably exceed 607,

In the refractory brick production the chrome ore as such is
incorporated in the crude condition and no constituent is romoved.
Hence, the relative oroportion of the warious constituents,their
Eexture and strenpth must be considered carefully for the refra-
ctory grade.

In U.2 4, chrome ores with an average i&é“3content of 347 are

heing used for refractory production,

(ii1) Chemical prade - Chromite should have a Cr_O_content of 447

S &

Cr:ilfe ratio of 1,6:1; SiOz less thar 87 and Mp0O should ba as low

For the chemicals only chromium oxide from the ore is

extracted, SiO? should be as low as possible as it incraases the

drocessine costs, Ores with kigh iron c-ntent is tolerated as it is

nat

e
1)

elim d without much extraction cost., In the United States ores

with an averape CrzOgcontent of 447 and Cr/Fe ratio of 1.5-1.6 are

peing used for chemical purnoses,

The Pauni chromite is being used for refractory brick manu-
facturing by the Orissa Cements Ltd, ?ninﬁndnaon,ﬂrissa. As the
fs blended with ores

silica content isg fairly biph (8-97) the ore

from other aress having low amount of silica to meet the required
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o

specification for refractory purposes. Lately the Eirndustan Steel

Ltd. Bhilai is beinc supplied with the beneficiated ore from this

10.9 FUTURE PRCS2ECTS

The present worker helieves that the Pauni arca possesses
more »otential in chromite reserves,than what has been assesed- at
nresent, Proper planning and systematic mininpg and dressing are
imnerative to avail a stcadyr rate of production from the arca
and to aveid waste of low prade ore, Many old dumps contain huge
amount of low grade ores which could be easily recoverad and upgraded
for commerfigl use, The abandened nits c~uld be further worked to
win the ore hodies 1in deeper parts,using high nower pumps to over-
come the water problem, If systematic exploration is carried out
along the strike of the belt, towards northeast in the Sindpuri area,
more ore bodies may be proved, With planned develosment ana exploi-
tation of these deposits, it is boped that Pauni area will be
regularly supplyine refract >TY chrome ores to the need of the

country for years to come
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CHRAR T ER KT

CONCLUSTIONS

The thesis presents a concise account of the geological investi-
gations(carried out between October 1963 to February 1968) on the
structure, petrology and the chromite deposits of Pauni-Bhiwapur area of
Maharashtra State, The area covering about 160 Sq,Km, is largely compri-
sed of the Pre-Cambrian rock formaﬁions of the Sakoli Series, On the basis
of the studieg described in the preceeding chapters the major conclusions

are being summarised in the following paragraphs,

Based on the lithology, metamorphism and structural features the
rocks of the area have been grouped into the following five stratigranhic

units,

(1) Pauni Formation (the oldest) - comprised of chlorite-schists (largely

migmatitised) and quartz-nggnetite-grunerite rocks with altered ultrabasics,

amphibolites,and acid intrusives,

(11) Parsori Formation (partly exvosed in the area) is represented by

the chloritoid-ch1orite—muscovite-schists.

(411 Bhiwapur Formation - consisting of phyl1ites,quartz-phyllites and

iron ore bands,

(iv) Gaidongari Formation comprised of quartzites,slaty shales meta-

argillites,slates,varicgated slates and conglomeratic slates,

(v) Younger Sgdimentaries (Younger to above four formations of the

Sakolis) formed of corglomerates,sandstones and shales,
Four major faults have b=en deciphered in the area which form

the boundaries of the above stratigrashic units (Map 2),
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The geologic succession established by the present worker 1is
the first sx systematic attempt on the stratigraphy of the Sakoli Series
of the southern Bhandara region., It was difficult, however, to
correlate these formations with the Sakolis of the northern part, The
Younger Sedimentaries have been tentatively correlated with the lower

Gondwanas,

The arca under investigation falls in the southwestern part
of the 'Sakoli Synclinorium!® (Elg, 10'{. Based on the detailed geometric
analyses of structural elements(largely foliation planes Sz) it has
been concluded that in this region the Sakoli group of rocks have
suffered at least three fold movements named as Fl,FZ and F3 producing
comlex fold patterns. The area covered by the Sakoli formations forms
three distinct structural domains i.e. the Pauni block, the Gaidongari
block and the Bhiwapur block. The Pauni block shows the imprints of
the - three episodes of folding whereas the Bhiwapur and the Gaidon-

-

gari blockswere affected oniy by the later two deformations ¥ and F3.
Although the general trend of Fl(NE -5¥) could be correlated with the
regional trend of the'Sakoli Synclinoriuw the other two crossfold
trends FZ(NNW-SSE) and F3 (ENE-WSW) are rather difficult to compare
with those of the Nandgaon and Khairagarh orogenies as described by
Sarkar(1957,1958 ) in the northern region of the Sakolis,

Fl fold movements confined within the Pauni block represent
the earliest orogenic cycle in the area, which was associated with
ultrabasic,basic and acid 1gneous activities. Though the general trends
of F2 and F3 arz nearly normal to each other, their variable inten-

sity within a small region suggests that these movements represent

successive nhases of the sanie orogenic cycle, The superimwosition
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of F3 fold on F2 has given rise to a'depression' and'saddle 'structuresg

in the Gaidongari block and a series of en-echelon folds in the Bhiwapur
block, In general plane non-cylindrical, non-plane- non-cylindrical,
polygonal and disharmonious tyses of folds have developed at several
nlaces in the area. The pattern and styles of the folds have been condis
tioned and controlled by the pre-existing S surfaces. It has not been

possible to unroll the fold patterns to their original positions,

The chlorite schists of the Pauri Formation are largely migma-
titised, These schists and the few associated layers of quartz-grunerite-
magnetite rocks represent regionally metamorphosed ferruginous clays
and iron rich siliceous bands respectively, The amphibolites have been
classified into four groups viz. normal amphibolites , quartz-free
amshibolites, plagioclase amphibolites and hornblendites, These show
enough evidences for their igneous origin, The grarites, pegmatites,and
quartz-felspathic veins forming migmatites, (a co-magmatic suite of

rocks) appear to have formed from a magna or melt of deep seated origin,

During the early ohase of the F movements, emplacement of

1
ultrabasics(including chromite bodies) took olace, as linear parallel
lenses, mostly concordant with the weak zones of the country rocks. In
the later phase of the same fold movements acidiic intrusions(granites
and pegmatites) and permeation of the courtry rocks by quartzo-felspathie
solutions (migmatitisation) took place along the weak zones, In between

these two »nhases basic rocks (now represented by amphibolites) were

intruded mostly as concordant bodies.

The chlorite-muscovite schists of the Parsori Formation contain
chloritoid and porphyroclasts,which are characteristic of shear zones,

It has been concluded that these rocks have undergone two stages of
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metamorphism, the first is of low grade regional tyve, and the second

1s presumably due to dislocation metamorphism,

The phyllites, quartz-phyllites and iron ore bodies of the
Bhiwapur Formation were origirally deposited as pelétic to semi-pelitic
sediments, with linear lenses of iron rich sediments, On regional meta-
morphism, t“ese sediments were transformed to different rock assemblages
of the green-schist facies. The biotite rich and garnet rich.zones in
the quartz-phyllites are due to the variation in the chemical composi-
tion, rather than to any change in pressure temperature conditions,

The iron ores associated with the quartze-phyllites contain mostly
Wartitised magnetite with garnet, grunerite and quartz as gangue minerals,
It bas been concluded that the magnetite in the iron ores was formed
along with the silicates during the regional metamor;-ism,while the
hematite is of later origin formed due to alteration of the magnetite

and the iron rich silicates,

The Gaidongari Formation consists largely of low grade meta-
pelitic rocks, A gradual increase in the amount and size of the rock
fragments is observed in the upper nortions, suggesting that in the
early period of sedimentation the deposition was steady and the tectonic
conditions stable, In the later period the tectonic environment became

unctable causi 5 rapid erosion,transportation, and deposition,

The Younger Sedimentaries are formed of gently dipping
beds of conglomerates, shales, and sandstones. The grain size analyses
of two horizons of sandstones indicate that they have different pPro-
venances, which hag been corroborated by different suites of heavy

minerals present in them,
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The ultrabasic rocks exhibit characteristics of the alpine ty»e,
As mentioned earlier they were emplaced during the initial stages of the
first fold movement Fl, as small discontinuous,lenticular, concordant
plutones, in the weak-zones of the country rocks in a more or less semi-
solid condition, They were derived from a deen scated orimary peridotite
magma. which crystallized and partly differentiated by fractional crysta-
l1ization at depth into chromite and olivine and pyroxene rich bodies,
Later hydrothermal activities converted the primary silicates into
serpentines,talc,tremolite,actinolite and chlorite minerals. Supergene

alteration gave rise to vermiculites and chert at places,

The chromite deposits confined within the ultrabasics occur mostly
as massive lenticular bodies belonging to the Podiform type of Thayer
(1963), These are of irregular size and disposition, The chromite ores
generally exhibit pull-apart and cataclastic textures with high degree
of fracturing. Exsolution intergrowth of hematite with chromite is
often obscrved in polished sections, The chemical analyses of 13 pure
chromite samyles have shown that they fall under the grou>-alumina chromites,
in the triangular diagram.. They exhibit wide variation in their chemical
composition, particularly with regard to F0203, FeO and A1203. The average

)

chemical composition can be expressed by the formula (Cr59Al31Fe10
Fe46Mg49Mn2Ti3). The ratio of RO to R;0, deviate much from the normal,

The important trace elements present are Co,Ni,V, showing considerable

variation in different samples,

The field and laboratory evidences have indicated that the
Pauni chromites .xre primary differentiate of a peridotite magma. In the

magmatic chamber the chromitites formed as layers or bands of more or
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less uniform t"ickness, During the upward movement of the ultrabasics,
the chromitite layers were disrupted, as a result of the flowage of the
'mush' giving rise to lenticular bodies, Bifurcation and §plitting of
the ore bodies took place during this period., The elongation suffered
by the crystal taush' due to flowage developed primary fractures in the
chromite ores, producing pull-apart texture, After their emp lacement the
ultrabasic differentiatesi including the chromite bodies suffered £md
folding, faulting, shearing and brecciation, During and following
these activities intense hydrothermal processes caused the obliteration
of primary textures and structur-s and the replacement of the primary
silicates by secondary silicates. The later basic and acid intrusives

were also much rasponsible for the above changes,

On the basis of field observations it has been inferred thgt the
northeastern and southeastern part of the area along the ultrabasic belt,
form a future prossect for the location of chromite deposits, Further,
cheaper methods of mineral dressing will increase the potential

source of a better grade chromite,
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